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Description

[0001] This invention generally relates to display driv-
ers for electro-optic displays, and in particular relates to
circuitry for driving active matrix organic light emitting di-
ode displays.

[0002] Organiclightemitting diodes (OLEDs) comprise
a particularly advantageous form of electro-optic display.
They are bright, colourful, fast-switching, provide a wide
viewing angle and are easy and cheap to fabricate on a
variety of substrates. Organic LEDs may be fabricated
using either polymers or small molecules in a range of
colours (or in multi-coloured displays), depending upon
the materials used. Examples of polymer-based organic
LEDs are described in WO 90/13148, WO 95/06400 and
WO 99/48160; examples of so called small molecule
based devices are described in US 4,539,507.

[0003] A basic structure 100 of a typical organic LED
is shown in Figure 1a. A glass or plastic substrate 102
supports a transparent anode layer 104 comprising, for
example, indium tin oxide (ITO) on which is deposited a
hole transport layer 106, an electroluminescent layer
108, and a cathode 110. The electro luminescence layer
108 may comprise, for example, a PPV (poly(p-phenyle-
nevinylene)) and the hole transport layer 106, which
helps match the hole energy levels of the anode layer
104 and electroluminescent layer 108, may comprise, for
example, PEDOT:PSS (polystyrene-sulphonate-doped
polyethylene-dioxythiophene). Cathode layer 110 typi-
cally comprises a low work function metal such as calci-
um and may include an additional layer immediately ad-
jacent electroluminescent layer 108, such as a layer of
aluminium, for improved electron energy level matching.
Contact wires 114 and 116 to the anode the cathode
respectively provide a connection to a power source 118.
The same basic structure may also be employed for small
molecule devices.

[0004] In the example shown in Figure la light 120 is
emitted through transparent anode 104 and substrate
102 and such devices are referred to as "bottom emit-
ters". Devices which emit through the cathode may also
be constructed, for example by keeping the thickness of
cathode layer 110 less than around 50-100 nm so that
the cathode is substantially transparent.

[0005] Organic LEDs may be deposited on a substrate
in a matrix of pixels to form a single or multi-colour pix-
ellated display. A multicoloured display may be construct-
ed using groups of red, green, and blue emitting pixels.
In such displays the individual elements are generally
addressed by activating row (or column) lines to select
the pixels, and rows (or columns) of pixels are written to,
to create a-display. It will be appreciated that with such
an arrangement itis desirable to have a memory element
associated with each pixel so that the data written to a
pixel is retained whilst other pixels are addressed. Gen-
erally this is achieved by a storage capacitor which stores
a voltage set on a gate of - a driver transistor. Such de-
vices are referred to as active matrix displays and exam-
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ples of polymer and small-molecule active matrix display
drivers can be foundin WO 99/42983 and EP 0,717,446A
respectively.

[0006] Figure 1b shows such a typical OLED driver cir-
cuit 150. A circuit 150 is provided for each pixel of the
display and ground 152, V¢, 154, row select 164 and
column data 166 busbars are provided interconnecting
the pixels. Thus each pixel has a power and ground con-
nection and each row of pixels has a common row select
line 164 and each column of pixels has a common data
line 166.

[0007] Each pixel has an organic LED 156 connected
in series with a driver transistor 158 between ground and
power lines 152 and 154. A gate connection 159 of driver
transistor 158 is coupled to a storage capacitor 160 and
a control transistor 162 couples gate 159 to column data
line 166 under control of row select line 164. Transistor
162 is a field effect transistor (FET) switch which con-
nects column data line 166 to gate 159 and capacitor 160
when row select line 164 is activated. Thus when switch
162 is on a voltage on column data line 166 can be stored
on a capacitor 160. This voltage is retained on the ca-
pacitor for at least the frame refresh period because of
the relatively high impedances of the gate connection to
driver transistor 158 and of switch transistor 162 in its
"off state.

[0008] driver transistor 158 is typically an FET transis-
tor and passes a (drain-source) current which is depend-
ent upon the transistor’s gate voltage less a threshold
voltage. Thus the voltage at gate node 159 controls the
current through OLED 156 and hence the brightness of
the OLED.

[0009] The standard voltage-controlled circuit of Fig-
ure 1b suffers from a number of drawbacks. The main
problems arise because the brightness of OLED 156 is
dependent upon the characteristics of the OLED and of
the transistor 158 which is driving it. In general, these
vary across the area of a display and with time, temper-
ature, and age. This makes it difficult to predict in practice
how bright a pixel will appear when driven by a given
voltage on column data line 166. In a colour display the
accuracy of colour representations may also be affected.
[0010] Two circuits which partially address these prob-
lems are shown in Figures 2a and 2b. Figure 2a shows
a current-controlled pixel driver circuit 200 in which the
current through an OLED 216 is set by setting a drain
source current for OLED driver transistor 212 using a
reference current sink 224 and memorising the driver
transistor gate voltage required for this drain-source cur-
rent. Thus the brightness of OLED 216 is determined by
the current, I, flowing into adjustable reference current
sink 224, which is set as desired for the pixel being ad-
dressed. It will be appreciated that one current sink 224
is provided for each column data line 210 rather than for
each pixel.

[0011] In more detail, power 202, 204, column data
210, and row select 206 lines are provided as described
with reference to the voltage-controlled pixel driver of Fig-
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ure 1b. In addition an inverted row select line 208 is also
provided, the inverted row select line being high when
row select line 206 is low and vice versa. A driver tran-
sistor 212 has a storage capacitor 218 coupled to its gate
connection to store a gate voltage for driving the transis-
tor to pass a desired drain-source current. Drive transis-
tor 212 and OLED 216 are connected in series between
a power 202 and ground 204 lines and, in addition, a
further switching transistor 214 is connected between
drive transistor 212 and OLED 216, transistor 214 having
a gate connection coupled to inverted row select line 208.
Two further switching transistors 220, 222 are controlled
by non-inverted row select line 206.

[0012] Inthe embodiment of the current-controlled pix-
el driver circuit 200 illustrated in Figure 2a all the transis-
tors are PMOS, which is preferable because of their
greater stability and better resistance to hot electron ef-
fects. However NMOS transistors could also be used.
This is also true of circuits according to the invention
which are described below.

[0013] In the circuit of Figure 2a the source connec-
tions of the transistors are towards GND and for present
generation OLED devices V is typically around -6 volts.
When the row is active the row select line 206 is thus
driven at -20 volts and inverted row select line 208 is
driven at 0 volts.

[0014] When row select is active transistors 220 and
222 are turned on and transistor 214 is turned off. Once
the circuit has reached a steady state reference current
I into current sink 224 flows through transistor 222 and
transistor 212 (the gate of 212 presenting a high imped-
ance). Thus the drain-source current of transistor 212 is
substantially equal to the reference current set by current
sink 224 and the gate voltage required for this drain-
source current is stored on capacitor 218. Then, when
row select becomes inactive, transistors 220 and 222 are
turned off and transistor 214 is turned on so that this
same current now flows through transistor 212, transistor
214, and OLED 216. Thus the current through OLED is
controlled to be substantially the same as that set by
reference current sink 224.

[0015] Before this steady state is reached the voltage
on capacitor 218 will generally be different from the re-
quired voltage and thus transistor 212 will not pass a
drain source current equal to the current, |, set by ref-
erence sink 224. When such a mismatch exists a current
equal to the difference between the reference current
and the drain-source current of transistor 212 flows onto
or off capacitor 218 through transistor 220 to thereby
change the gate voltage of transistor 212. The gate volt-
age changes until the drain-source current of transistor
212 equals the reference current set by sink 224, when
the mismatch is eliminated and no current flows through
transistor 220.

[0016] The circuit of Figure 2a solves some of the prob-
lems associated with the voltage-controlled circuit of Fig-
ure 1b as the current through OLED 216 can be set irre-
spective of variations in the characteristics of pixel driver
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transistor 212. However the circuit of Figure 2a is still
prone to variations in the characteristic of OLED 216 be-
tween pixels, between active matrix display devices, and
over time. A particular problem with OLEDs is a tendency
for their light output to decrease over time, dependent
upon the current with which they are driven (this may be
related to the passage of electrons through the OLED).
Such degradation is particularly apparent in a pixellated
display where the relative brightness of nearby pixels can
easily be compared. A further problem with the circuit of
Figure 2a arises because each of transistors 212, 214
and 222 must be sufficiently physically large to handle
the current through OLED 216, which is equal to the I,
reference current. Large transistors are generally unde-
sirable and, depending upon the active matrix device
structure, may also obscure or prevent the use of part of
a pixel’s area.

[0017] In an attempt to address these additional prob-
lems there have been a number of attempts to employ
optical feedback to control the OLED current. These at-
tempts are described in WO 01/20591, EP 0,923,067A,
EP 1,096,466A, and JP 5-035,207 and all employ basi-
cally the same technique. Figure 2b, which is taken from
WO 01/20591, illustrates the technique, which is to con-
nect a photodiode across the storage capacitor.

[0018] Figure 2b shows a voltage-controlled pixel driv-
er circuit 250 with optical feedback 252. The main com-
ponents of the driver circuit 250 of Figure 2b correspond
to those of circuit 150 of Figure 1b, thatis, an OLED 254
in series with a driver transistor 256 having a storage
capacitor 258 coupled to its gate connection. A switch
transistor 260 is controlled by a row conductor 262 and,
when switched on, allows a voltage on capacitor 258 to
be set by applying a voltage signal to column conductor
264. Additionally, however, a photodiode 266 is connect-
ed across storage capacitor 258 so that it is reverse bi-
ased. Thus photo diode 266 is essentially non conducting
in the dark and exhibits a small reverse conductance de-
pending upon the degree of illumination. The physical
structure of the pixel is arranged so that OLED 254 illu-
minates photodiode 266, thus providing an optical feed-
back path 252.

[0019] The photocurrentthrough photodiode 266 is ap-
proximately linearly proportional to the instantaneous
light output level from OLED 254. Thus the charge stored
on capacitor 258, and hence the voltage across the ca-
pacitor and the brightness of OLED 254, decays approx-
imately exponentially over time. The integrated light out-
put from OLED 254, that is the total number of photons
emitted and hence the perceived brightness of the OLED
pixel, is thus approximately determined by the initial volt-
age stored on capacitor 258.

[0020] The circuit of Figure 2b solves the aforemen-
tioned problems associated with the linearity and varia-
bility of the driver transistor 256 and OLED 254 but ex-
hibits some significant drawbacks in its practical imple-
mentation. The main drawback is that every pixel of the
display needs refreshing every frame as storage
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capacitor258 is discharged over no more than this period.
Related to this, the circuit of Figure 2b has alimited ability
to compensate for ageing effects, again because the light
pulse emitted from OLED 254 cannot extend beyond the
frame period. Similarly, because the OLED is pulsed on
and off it must be operated at an increased voltage for a
given light output, which tends to reduce the circuit effi-
ciency. Capacitor 258 also often exhibits non-linearities
so that the stored charge is not necessarily linearly pro-
portional to the voltage applied on column conductor 264.
This results in non-linearities in the voltage-brightness
relationship for the pixel as photodiode 266 passes a
photocurrent (and hence charge) which is dependent up-
on the level of illumination it receives.

[0021] A further problem with the use of optical feed-
back is the risk of ambient light affecting the feedback
response unless care is taken with the physical layout of
the relevant components. Finally, all the prior art designs
lack operational flexibility.

[0022] There is therefore a need for improved display
driver circuitry for organic LEDs which addresses the
above problems.

[0023] Japanese patent document JP 2002-169511,
2002-06-14, Tanada Yoshifumi, Semiconductor Energy
Lab aims to provide a luminous device which has a func-
tion of correcting an decrease in luminance of luminous
elements in a pixel part and is able to display a uniform
screen without uneven luminance. When a power source
is switched on, the luminous device displays a specific
test pattern, and detects the luminance by a photoelectric
transducing element arranged on each pixel and stores
it in a storage circuit. Following it, a correction circuit cor-
rects a 1 st video signal according to the deficiency from
the standard luminance (luminance of a normal luminous
element at the same gradation stored beforehand), and
obtains a 2nd video signal. A display displays a video
using the 2nd video signal.

[0024] European patent application EP1117085,
2001-07-18, Yamazaki Shunpei, Koyama Jun, Ishimaru
Noriko, Semiconductor Energy Lab, describes a display
system in which the luminance of light-emitting elements
in a light-emitting device is adjusted based on information
on an environment. A sensor obtains information on an
environment as an electrical signal. A CPU converts,
based on comparison data set in advance, the informa-
tion signal into a correction signal for correcting the lu-
minance of EL elements. Upon receiving this correction
signal, a voltage changer applies a predetermined cor-
rected potential to the EL elements. Thus, this display
system enables control of the luminance of the EL ele-
ments.

[0025] International patent application WO0199191,
2001-12-27, Young Nigel D; Shannon John M, Koninkl
Philips Electronics NV, describes that a display device
has an array of pixels comprising light emitting display
elements, for example EL elements, carried on a sub-
strate and associated light sensing elements responsive
to light emitted by the display elements. The light sensing
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elements each comprise a gated photosensitive thin film
device such as a TFT structure or a lateral gated pin
device having a semiconductor layer with contactregions
laterally spaced on the substrate and separated by a gate
controlled region. A part of the associated display ele-
ment extends over the gate controlled region with an elec-
trode of the display element serving as the gate of the
photosensitive device thereby ensuring good optical cou-
pling between the display element and the photosensitive
device and enabling the gate to be appropriately biased.
Such anarrangement enables, for example, the provision
of electro-optic feedback control in the pixel in compar-
atively simple manner.

[0026] According to a first aspect of the invention there
is therefore provided display element driver circuitry for
driving an element of an electro-optic display, the circuitry
having first and second control lines and a data line, the
circuitry comprising, a driver to drive the electro-optic dis-
play element in accordance with a drive voltage, a pho-
tosensitive device optically coupled to the electro-optic
display element to pass a current dependent upon illu-
mination reaching the photosensitive device, a first con-
trol device coupled between the photosensitive device
and the data line and responsive to a first control signal
on the firstcontrol line to couple the photosensitive device
to the data line; and a second control device coupled
between the photosensitive device and the driver and
responsive to a second control signal on the second con-
trol line to couple the photosensitive device to the driver,
wherein the display element driver circuitry is arranged
so that the first control signal and the second control sig-
nal are independently controllable.

[0027] This configuration provides the flexibility for the
driver circuitry to be operated in a number of different
modes according to the required function of the display,
the ambient light conditions, and other factors. The op-
eration of these different modes is described in more de-
tail below and allows the driver circuitry, for example, to
be operated in a first mode under bright illumination and
a second mode under dimmer ambient light.

[0028] Furthermore, because the photosensitive de-
vice can be substantially isolated from the driver the same
circuitry can be used for both driving a pixel of an electro-
optic display and for sensing or reading an image, for
example to operate the display as a sensor for a scanner.
In a similar way the photosensitive device can also be
used to measure an ambient light level before the pixel
with which it is associated is switched on so that the pixel
brightness can be set to compensate for an ambient light
level and, in particular, so that data written to the driver
circuitry to set a pixel brightness can take account of the
effect ambient light might have on the optical coupling
between the electro-optic display element and the pho-
tosensitive device.

[0029] The input of the driver will generally have some
associated input capacitance, but the circuit may further
include an additional storage element coupled to the in-
put of the driver and to the second control device to mem-
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orise a drive voltage for the display element. Preferably
such a storage element comprises a capacitor which, for
micro-displays, may be a digital capacitor. This capacitor
may be integrated with the gate of a field effect transistor
connected to the input of the driver. Preferably the first
and second control devices each comprise a field effect
transistor (FET) to provide a pair of controllable switches.
This simplifies integration of the driver circuitry.

[0030] An active matrix display with a plurality of pixels
may be constructed by providing each pixel with such
display element driver circuitry. The data lines may be
connected to column (or row) lines of the display and the
control lines to row (or column) control circuitry. In a pre-
ferred embodiment each column (or row) line connected
to the data lines is provided with a switch to allow the
data lines to be connected either to a data line driver to
drive a voltage or current on the data line or to measure-
ment circuitry to read one or more illumination levels from
the photosensitive devices associated with each pixel.
Such measurement circuitry can also be used to check
the correct operation of the photosensitive device, for
example to ensure the leakage current is below a per-
mitted threshold.

[0031] Preferably such an active matrix display also
includes control circuitry to drive the first and second con-
trol lines to operate the display in a plurality of modes.
One or more of these modes may be selected on instal-
lation of the device into a circuit, by effectively hard wiring
the mode selection or the operating mode may be se-
lected dynamically, for example according to prevailing
operating conditions.

[0032] In one mode of operation the pixels of the dis-
play are controlled to measure an ambient light level be-
fore data is written to the display. Data may be written
using the circuitry in either a current-controlled or voltage-
controlled mode, in the latter case with or without optical
feedback. Thus, for example, a current-controlled mode
with an initial measurement cycle may be employed for
bright ambient illumination and a voltage-controlled
mode with optical feedback, along the lines described
with reference to Figure 2b, may be employed with or
without a measurement cycle in dim ambient illumination
conditions.

[0033] In conjunction with any of the above modes the
driver circuitry for the pixels of the display may also be
configured to use the photosensitive devices as animage
sensor or scanner, for example once an appropriate drive
voltage has been memorised by the storage element.
This mode may also be used, for example, to provide a
touch-sensitive display where the light pattern read from
the display has sufficient resolution to detect a darkened
area of the screen corresponding to a region of the dis-
play shielded from the ambient illumination by, for exam-
ple, afinger tip. Alternatively, a stylus with a reflective tip
may be employed and the photosensitive device of one
pixel used to measure the light from neighbouring pixels
scattered by the tip. Deconvoluting this signal from the
optical feedback signal may be achieved by, forexample,
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monitoring the feedback (reflected light) from neighbour-
ing pixels to the pixel area concerned. Alternatively a
significantly reduced voltage drive for a given requested
photocurrent than in previous operation cycles may be
used, due to anincreased feedback to the photosensitive
device.

[0034] In arelated aspect the invention also provides
a method of operating the above-described display ele-
ment driver circuitry the method comprising controlling
said circuitry to couple said photosensitive device to said
data line, measuring a light level using said photosensi-
tive device, controlling said circuitry to couple said driver
to said data line; and driving said data line with a signal
dependent upon said measuring.

[0035] Measuring the light level using the photosensi-
tive device allows the control circuitry to drive the data
line to compensate for the measured light level, and thus
compensate for a background light level which may result
from ambient illumination, or from other nearby emitting
electro-optic display elements, or both. Preferably the
method includes switching the display element off and
optionally switching other nearby display elements off,
before measuring the light level, for improved accuracy.
This method may be employed before writing a light level
signal to the display element in a selected one of the
other operational modes of the circuitry.

[0036] In a first operational mode the display element
driver circuitry is operated by controlling said first and
second control lines to assert and de-assert said first and
second control signals together; and driving said data
line with a reference current to set a brightness for said
display elementwhen said driver, said photosensitive de-
vice and said data line are all coupled.

[0037] In a second operational mode the display ele-
ment drive circuitry is operated by controlling said first
and second control lines to assert and de-assert said first
and second control signals together; and driving said da-
ta line with a reference voltage to set a brightness for
said display element when said driver, said photosensi-
tive device and said data line are all coupled.

[0038] In a third operational mode the display element
driver circuitry is operated by controlling said second con-
trol line to assert said second control signal to couple the
photosensitive device to the driver, controlling said first
control line to couple the photosensitive device to the
data line to select the display element, driving said data
line with a reference voltage to set a brightness for said
display elementwhen said driver, said photosensitive de-
vice and said data line are all coupled; and controlling
said first control line to decouple the photosensitive de-
vice from the data line to deselect the display element
whilst maintaining said second control signal to maintain
the coupling of said photosensitive device to said driver.
[0039] The invention also provides a method of oper-
ating an active matrix display as a light pattern or image
sensor, the active matrix display comprising a plurality
of display elements, each display element having asso-
ciated display element driver circuitry, the method com-
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prising, controlling the display element driver circuitry of
a plurality of said display elements to couple the photo-
sensitive device of each display element to the corre-
sponding data line; and reading light pattern data from
the display using the data line of each photosensitive
device.

[0040] In further aspect the invention provides a meth-
od controlling the light output from a pixel of an active
matrix electroluminescent display, the pixel including an
electroluminescent display element and a light sensor
optically coupled to the electroluminescent display ele-
ment to provide an optical feedback path for controlling
the electroluminescent display element light output, the
electroluminescent display having display element driver
circuitry of the above first aspect, the light sensor being
the photosensitive device of said circuitry, the method
comprising, measuring an ambient light level using the
light sensor; and writing a light level signal to the pixel
modified to compensate for said ambient light level.
[0041] Inallthe above aspects of theinventionthe elec-
tro-optic or electroluminescent display element prefera-
bly comprises an organic light emitting diode.

[0042] These and other aspects of the invention will
now be further described, by way of example only, with
reference to the accompanying figures in which:

Figures 1a and 1b show, respectively, a basic or-
ganic LED structure, and a typical voltage-controlled
OLED driver circuit;

Figures 2a and 2b show, respectively, a current-con-
trolled OLED driver circuit, and a voltage-controlled
OLED driver circuit with optical feedback according
to the prior art;

Figure 3 shows an organic LED driver circuit accord-
ing to an embodiment of the present invention; and

Figures 4a and 4b show vertical cross sections
through device structures of OLED display elements
with driver circuits incorporating optical feedback.

[0043] Referring now to Figure 3, this shows an organic
LED driver circuit 300 which can be operated in a number
of different modes. In an active matrix display typically
each pixelis provided with such a driver circuit and further
circuitry (not shown) is provided to address the pixels
row-by-row, to set each row at the desired brightness.
To power and control the driver circuitry and OLED dis-
play element the active matrix display is provided with a
grid of electrodes including, as shown, a ground (GND)
line 302, a power or Vg line 304, row select lines 306,
307 and a column data line 308.

[0044] In the illustrated embodiment column data line
308 is connected to a switch 330 to selectively couple
the column data line either to a reference current source
(or sink) 324 or to measurement circuitry 328. The refer-
ence current source (or sink) 324 is preferably a program-
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mable constant current generator to allow a current in
column data line 308 to be adjusted to a desired level to
set a pixel brightness, as described in more detail below.
In other embodiments, however, a programmable volt-
age generator may be used additionally or alternatively
to current generator 324, to allow the driver circuit to be
used in other modes. Measurement circuitry 328 allows
the driver circuit to be used to measure an ambient light
level when switch 330 connects column data line 308 to
the measurement circuitry. Row driver circuitry 332 con-
trols the first and second The driver circuit 300 comprises
adrivertransistor 310 connected in series with an organic
LED display element 312 between the GND 302 and Vg
304 lines. A storage capacitor 314, which may be inte-
grated with the gate of transistor 310, stores a charge
corresponding to a memorised gate voltage to control
the drive current through OLED element 312.

[0045] Control circuitry for the driver comprises two
switching transistors 320,322 with separate, independ-
ently controllable gate connections coupled to first and
second select lines 306 and 307 respectively. A photo-
diode 316 is coupled to a node 317 between transistors
320 and 322. Transistor 320 provides a switched con-
nection of node 317 to column data line 308. Transistor
322 provides a switched connection of node 317 to a
node 315 to which is connected storage capacitor 314
and the gate of transistor 310. In the circuit of Figure 3
all the transistors are PMOS.

[0046] Photodiode 316 is coupled between GND line
302 and line 317 so that it is reverse biassed. The pho-
todiode is physically arranged with respect to the OLED
display element 312 such that an optical feedback path
318 exists between OLED 312 and photodiode 316. In
other words, OLED 312 illuminates photodiode 316 and
this allows an illumination-dependent current to flow in a
reverse direction through photodiode 316, that is from
GND line 302 towards V. As the skilled person will un-
derstand, broadly speaking each photon generates an
electron within photodiode 316 which can contribute to
a photocurrent.

[0047] Whenfirstselectline 306 is active transistor 320
is on, thatis the switch is "closed" and there is a relatively
lowimpedance connection between column dataline 308
and node 317. When first select line 306 is inactive tran-
sistor 320 is switched off and photodiode 316 is effec-
tively isolated from column data line 308. When second
select line 307 is active transistor 322 is switched on and
nodes 315 and 317 are coupled; when second select line
307 is inactive transistor 322 is switched off and node
315 is effectively isolated from node 317.

[0048] It can be seen that when both transistors 320
and 322 are switched off (i.e. both the first and second
select lines 306 and 307 are inactive) photodiode 316 is
effectively isolated from the remainder of the driver cir-
cuitry. Similarly when transistor 322 is off (second select
line 307 is inactive) and transistor 320 is on (first select
line 306 is active) photodiode 316 is effectively connected
between ground (GND) line 302 and column data line
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308. In this way photodiode 316 may be effectively iso-
lated from the remainder of the driver circuitry and, when
switch 330 connects column data line 308 to measure-
ment circuitry 328, photodiode 316 may be used as a
sensor to measure the local ambient light level. This am-
bient light level may result from the ambient light condi-
tions in the local display environment or from light emitted
from OLED 312 or the corresponding OLEDs in neigh-
bouring pixels. Alternatively the photodiodes of a plurality
of pixels may be used to read an image pattern using a
display.

[0049] The driver circuitry 300 may be operated in a
current-controlled mode with optical feedback, in a volt-
age-controlled mode with optical feedback, and in a volt-
age-controlled mode without optical feedback. Any or all
of these modes may be employed with a light measure-
ment mode to make an ambient light measurement be-
fore data is written to a pixel, or to input an image after
data is written to a pixel.

[0050] In afirst mode of operation first and second se-
lect lines 306 and 307 are connected together or driven
in tandem by row drivers 332 so that the circuit operates
as a current-controlled driver with optical feedback.
When the switch 330 is in the position shown in Figure
3 the programmable reference current generator 324 at-
tempts to cause areference current which will be referred
to as |, to flow to off-pixel V¢4 connection 326. In this
mode line 317 may be referred to as a current sense line,
passing a current l.,c. and line 315 may be referred to
as a control line, passing a current I, to set a voltage
on capacitor 314 to control OLED 312. When first and
second (row)select lines 306 and 307 are active transis-
tors 320 and 322 are on and |y = lggnse *+ lerror @nd thus
the current I, flows either onto or off capacitor 314 until
OLED 312 illuminates photodiode 316 such that I, =
leol- At this point the first and second row select lines 306
and 307 can be deactivated and the voltage required for
this level of brightness is memorised by capacitor 314.
[0051] The time required for the voltage on capacitor
314 to stabilise depends upon a number of factors, which
may be varied in accordance with the desired device
characteristics, and may be a few microseconds. Broadly
speaking a typical OLED drive current is of the order of
1A whilst a typical photocurrent is around 0.1% of this,
or of the order of 1nA (in part dependent upon the pho-
todiode area). It can therefore be seen that the power
handling requirements of transistors 320 and 322 are
negligible compared with that of the drive transistor 310,
which must be relatively large. To speed up the settling
time of the circuit it is preferable to use a relatively small
value for capacitor 314 and a relatively large area pho-
todiode to increase the photocurrent. This also helps re-
duce the risk of noise and stability at very low brightness
levels associated with stray or parasitic capacitance on
column data line 308.

[0052] Inasecond mode the driver circuitry 300 is volt-
age controlled and operates in a similar manner to the
prior art circuit of Figure 1b, that is without optical feed-
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back. As in the first mode of operation, the first and sec-
ond select lines are connected together or driven in tan-
dem by row drivers 332 but instead of column data line
308 being driven by a reference current generator 324,
line 308 is driven by a voltage reference source, program-
mable to adjust the pixel brightness. The voltage source
preferably has a low internal resistance to approximate
a constant voltage source.

[0053] In this second mode of operation when the first
and second select lines 306 and 307 are active capacitor
314 is coupled to column data line 308 and is therefore
charged to the voltage output by the reference voltage
generator. The small reverse current through photodiode
316 due to illumination by OLED 312 has a substantially
no effect on the voltage on line 308 because of the low
internal resistance of the voltage source. Once capacitor
314 has been charged to the required voltage transistors
320 and 322 are switched off by deasserting the first and
second select lines 306 and 307, so that capacitor 314
does not discharge through photodiode 316. In this mode
of operation the pair of transistors 320 and 322 effectively
perform the same function as transistor 162 in the circuit
of Figure 1b.

[0054] In a third mode of operation the circuit is again
driven by a programmable reference voltage source but
the second select line is controlled so that it is always
active (and hence so that transistor 322 is always on)
whilst OLED 312 is on. In this way photodiode 316 is
connected across storage capacitor 314 so that the cir-
cuit operates in substantially the same way as the circuit
of Figure 2b described above, transistor 320 performing
the function of transistor 260 in Figure 2b. In a simple
embodiment the second select line 307 may simply be
tied to a fixed voltage supply to ensure this line is always
active. However transistor 322 need only be on long
enough to ensure that capacitor 314 has enough time to
discharge and thusiitis still possible in this mode to switch
off transistor 322 at times to allow photodiode 316 to be
connected between lines 302 and 308 by transistor 320
and used as a sensor.

[0055] Inanimprovement of this mode of operation the
programmable reference voltage source can be ar-
ranged to deliver a predetermined charge to capacitor
314 since, when photodiode 316 is connected across
capacitor 314, it is the charge on capacitor 314 which
determines the apparent brightness of OLED 312 rather
thanthe voltage itself. Delivering a predetermined charge
to capacitor 314, rather than charging the capacitor to a
reference voltage, reduces the effect of non-linearities in
the charge-voltage characteristic of capacitor.

[0056] In a preferred mode of operation the driver cir-
cuitry 300 is controlled to provide a measurement cycle
before pixel illumination data is written to the circuit to
set the brightness of OLED 312. To achieve this row driv-
er circuitry 332 preferably controls the first and second
select lines 306 and 307, and switch 330 by means of a
control line 334, to switch transistor 322 off and transistor
320 on, to connect photodiode 316 to measurement cir-
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cuitry 328. Measurement circuitry 328 can then measure
the ambient light level in the vicinity of photodiode 316
and, optionally, can also perform additional tasks such
as checking the proper functioning of the photodiode, for
example by checking its leakage current.

[0057] The measurement circuitry can be arranged to
measure a photocurrent through photodiode 316, or a
photovoltaic mode of operation of the photodiode may
be employed when the photodiode is brightly illuminated,
the photodiode operating as a photocell and measure-
ment circuitry 328 measuring a voltage. The light level
measurement may be used to determine the degree of
illumination of OLED 312 or of the OLEDs of adjacent
pixels or, for example, to characterise the drive circuit or
OLED 312. In particular, however, the light level meas-
ured by photodiode 316 may be used to compensate for
any disturbances to the operation of the above-described
modes with optical feedback, for example by writing a
modified reference current or voltage to the pixel to take
account of the ambient light level.

[0058] In a preferred embodiment, therefore, OLED
312 is switched off before a measurement is made using
photodiode 316. In the third mode of operation described
above OLED 312 will automatically be switched off after
no more than one frame period, but in the firstand second
modes of operation the OLED may be switched off by
writing a dark level signal to the pixel.

[0059] In the above described modes it will be recog-
nised that the first select line 306 in effect operates as a
row select line whilst the second select line 307 operates
as a combined mode and row select line. Thus in order
to perform a (write black)-(measure)-(write level) cycle
for a selected row the first select line 306 is held active
whilst the second select line 307 is toggled from active
during a write cycle to inactive or deasserted during a
measure cycle.

[0060] Referring now to Figure 4, this shows, in outline,
two alternative physical structures for OLED pixel driver
circuits incorporating optical feedback (the drawings are
nottoscale). Figure 4a shows a bottom-emitting structure
400 and Figure 4b shows a top-emitter 450.

[0061] InFigure 4aan OLED structure 406 is deposited
side-by-side with polysilicon-driver circuitry 404 on a
glass substrate 402. The driver circuitry 404 incorporates
a photodiode 408 to one side of the OLED structure 406.
Light 410 is emitted through the bottom (anode) of the
substrate.

[0062] Figure 4b shows a cross section through an al-
ternative structure 450 which emits light 460 from its top
(cathode) surface. A glass substrate 452 supports a first
layer 454 comprising the driver circuitry and including a
photodiode 458. An OLED pixel structure 456 is then
deposited over the driver circuitry 454. A passivation or
stop layer may be included between layers 454 and 456.
Where the driver circuitry is fabricated using (crystalline)
silicon rather than polysilicon or amorphous silicon a
structure of the type shown in Figure 4b is required and
substrate 452 is a silicon substrate.
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[0063] In the structures of Figures 4a and 4b the pixel
driver circuitry may be fabricated by conventional means.
The organic LEDs may be fabricated using either ink jet
deposition techniques such as those described in EP
880303 to deposit polymer-based materials or evapora-
tive deposition techniques to deposit small molecule ma-
terials. Thus, for example, so-called micro-displays with
a structure of the type illustrated in Figure 4b may be
fabricated by ink jet printing OLED materials onto a con-
ventional silicon substrate on which CMOS pixel driver
circuitry has previously been fabricated.

[0064] The illustrated embodiment of the driver circuit
uses PMOS transistors but the circuits may be inverted
and NMOS may be employed or, alternatively, a combi-
nation of PMOS and NMOS transistors may be used.
The transistors may comprise thin film transistors (TFTs)
fabricated from amorphous or poly-silicon on a glass or
plastic substrate or conventional CMOS circuitry may be
used. In other embodiments plastic transistors such as
those described in WO 99/54936 may be employed, and
the photodiode may comprise a reverse biased OLED to
allow the entire circuitry to be fabricated from plastic. Sim-
ilarly although the circuit has been described with refer-
ence to field effect transistors, bipolar transistors may
also be used.

[0065] The display element driver circuitry has been
described with reference to its use for driving organic
LEDs but the circuitry may also be employed with other
types of electroluminescent display such as inorganic
TFEL (Thin Film Electroluminescent) displays, gallium
arsenide on silicon displays, porous silicon displays, pho-
toluminescence quenching displays as described in UK
patent application no. 0121077.2, and the like. Although
the driver circuitry primarily finds applications in active
matrix displays it may also be used with other types of
display such as segmented displays and hybrid semi-
active displays.

[0066] The preferred photosensor is a photodiode
which may comprise a PN diode in TFT technology or a
PIN diode in crystalline silicon. However other photosen-
sitive devices such as photoresistors and photosensitive
bipolar transistors and FETs may also be employed, pro-
viding they have a characteristic in which a photocurrent
is dependent upon their level of illumination.

Claims

1. Display elementdriver circuitry for driving an element
of an electro-optic display, the circuitry having first
and second control lines and a data line, the circuitry
comprising:

adriverto drive the electro-optic display element
in accordance with a drive voltage;

a photosensitive device optically coupled to the
electro-optic display element to pass a current
dependent upon illumination reaching the pho-



10.

15 EP 1 444 683 B1 16

tosensitive device;

a first control device coupled between the pho-
tosensitive device and the data line and respon-
sive to a first control signal on the first control
line to couple the photosensitive device to the
data line; and

a second control device coupled between the
photosensitive device and the driver and re-
sponsive to a second control signal on the sec-
ond control line to couple the photosensitive de-
vice to the driver, wherein

the display element driver circuitry is arranged
so that the first control signal and the second
control signal are independently controllable.

Display element driver circuitry as claimed in claim
1, further comprising a storage element coupled to
the second control device to memorize a drive volt-
age for the driver.

Display element driver circuitry as claimed in claim
2, wherein the storage element comprises a capac-
itor.

Display element driver circuitry as claimed in claim
3, wherein the driver comprises a field effect transis-
tor (FET) and the capacitor comprises a gate capac-
itance of said PET.

Display element driver circuitry as claimed in any
one of claims 1 to 4, wherein said first and second
control devices each comprise a FET switch.

An active matrix display comprising a plurality of
electro-optic display elements, each display element
having associated display element driver circuitry as
claimed in any one of claims 1 to 5.

An active matrix display as claimed in claim 6, further
comprising a switch to selectively couple said data
line to a data line driver and to a signal sense circuit.

An active matrix display as claimed in claim 6 or 7,
further comprising control circuitry to drive said first
and second control lines to operate the display in a
plurality of modes.

An active matrix display as claimed in claim 8, where-
in said modes include an ambient light compensate
mode in which said control circuitry controls the dis-
play element driver circuitry to measure an ambient
light level before writing data to the display.

An active matrix display as claimed in claim 8 or 9,
wherein said modes includes a current driver mode
in which the brightness of a said display element is
set by a reference current on said data line.
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12.

13.

14.

15.

16.

17.

An active matrix display as claimed in claim 8,9 or
10, wherein said modes include a first voltage drive
mode in which the brightness of a said display ele-
ment is set by a voltage on said data line.

An active matrix display as claimed in any one of
claims 8to 11, wherein said modes include a second
voltage drive mode in which the brightness of a said
display element is set by a voltage on said data line
and in which said second control line is driven to
couple said photosensitive element and said driver
whilst said display element is on.

An active matrix display as claimed in any one of
claims 8 to 12, further comprising a pattern sense
input mode in which said control circuitry controls
the display element driver circuitry to input a light
pattern from said display using a plurality of said pho-
tosensitive devices associated with a corresponding
plurality of said display elements.

Display element driver circuitry as claimed in any
one of claims 1 to 5 or an active matrix display as
claimed in any one of claims 6 to 13, wherein a said
electro- optic display element comprises an organic
light emitting diode.

A method of operating display element driver circuit-
ry as claimed in any one of claims 1 to 5, the method
comprising:

controlling said circuitry to couple said photo-
sensitive device to said data line;

measuring a light level using said photosensitive
device;

controlling said circuitry to couple said driver to
said data line; and

driving said data line with a signal dependent
upon said measuring.

A method of operating display element driver circuit-
ry as claimed in any one of claims 1 to 5, the method
comprising:

controlling said first and second control lines to
assert and de-assert said first and second con-
trol signals together; and

driving said data line with a reference current to
set a brightness for said display element when
said driver, said photosensitive device and said
data line are all coupled.

A method of operating display element driver circuit-
ry as claimed in any one of claims 1 to 5, the method
comprising:

controlling said first and second control lines to
assert and de-assert said first and second con-



17 EP 1 444 683 B1 18

trol signals together; and
driving said data line with a reference voltage to
set a brightness for said display element when
said driver, said photosensitive device and said
data line are all coupled.

18. A method as claimed in claim 16 or 17, further com-

prising:

controlling said circuitry to couple said photo-
sensitive device to said data line;

measuring a lightlevel using said photosensitive
device; and

controlling said circuitry to couple said driver to
said data line; and

wherein said driving drives said data line with a
signal dependent upon said measuring.

19. A method of operating display element driver circuit-

ry as claimed in any one of claims 1 to 5, the method
comprising:

controlling said second control line to assert said
second control signal to couple the photosensi-
tive device to the driver;

controlling said first control line to couple the
photosensitive device to the data line to select
the display element;

driving said data line with a reference voltage to
set a brightness for said display element when
said driver, said photosensitive device and said
data line are all coupled; and

controlling said first control line to decouple the
photosensitive device from the data line to dese-
lect the display element whilst maintaining said
second control signal to maintain the coupling
of said photosensitive device to said driver.

20. A method of operating an active matrix display as a

21.

light pattern sensor, the active matrix display com-
prising a plurality of display elements, each display
element having associated display element driver
circuitry as claimed in any one of claims 1 to 5, the
method comprising:

controlling the display element driver circuitry of
a plurality of said display elements to couple the
photosensitive device of each display element
to the corresponding data line; and

reading light pattern data from the display using
the data line of each photosensitive device.

A method of controlling the light output from a pixel
of an active matrix electroluminescent display, the
pixel including an electroluminescent display ele-
ment and a light sensor optically coupled to the elec-
troluminescent display element to provide an optical
feedback path for controlling the electroluminescent
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display element light output, the electroluminescent
display having display element driver circuitry as
claimed in any one of claims 1 to 5, the light sensor
being the photosensitive device of said circuitry, the
method comprising:

measuring an ambient light level using the light
sensor; and

writing a light level signal to the pixel modified
to compensate for said ambient light level.

22. A method as claimed in claim 15,18 or 21, further

comprising writing an initial signal to the display el-
ement or pixel prior to said measuring, wherein said
initial signal is for substantially switching off the dis-
play element or pixel.

Patentanspriiche

1.

Anzeigeelement-Treiberschaltungsanordnung zum
Betreiben eines Elements einer elektrooptischen
Anzeige, wobei die Schaltungsanordnung eine erste
und eine zweite Steuerleitung und eine Datenleitung
hat, wobei die Schaltungsanordnung umfasst:

einen Treiber, um das elektrooptische Anzeige-
element gemaR einer Treiberspannung zu be-
treiben;

ein fotoempfindliches Bauelement, das mit dem
elektrooptischen Anzeigeelement optisch ge-
koppelt ist, um einen Strom in Abhangigkeit von
der Beleuchtung, die das fotoempfindliche Bau-
element erreicht, durchzulassen;

ein erstes Steuerungsbauelement, das zwi-
schen das fotoempfindliche Bauelementund die
Datenleitung geschaltet ist und auf ein erstes
Steuersignal auf der ersten Steuerleitung an-
spricht, um das fotoempfindliche Bauelement
mit der Datenleitung zu koppeln; und

ein zweites Steuerungsbauelement, das zwi-
schen das fotoempfindliche Bauelement und
den Treiber geschaltet ist und auf ein zweites
Steuersignal auf der zweiten Steuerleitung an-
spricht, um das fotoempfindliche Bauelement
mit dem Treiber zu koppeln, wobei

die Anzeigeelement-Treiberschaltungsanord-
nung so eingerichtet ist, dass das erste Steuer-
signal und das zweite Steuersignal unabhangig
voneinander steuerbar sind.

Anzeigeelement-Treiberschaltungsanordnung nach
Anspruch 1, ferner umfassend ein Speicherelement,
das mitdem zweiten Steuerungsbauelement gekop-
pelt ist, um eine Treiberspannung fiir den Treiber zu
speichern.

Anzeigeelement-Treiberschaltungsanordnung nach
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Anspruch 2, wobei das Speicherelement einen Kon-
densator umfasst.

Anzeigeelement-Treiberschaltungsanordnungnach
Anspruch 3, wobei der Treiber einen Feldeffekttran-
sistor (FET) umfasst und der Kondensator eine Ga-
te-Kapazitat des FET umfasst.

Anzeigeelement-Treiberschaltungsanordnungnach
einem der Anspriiche 1 bis 4, wobei das erste und
das zweite Steuerungsbauelement jeweils einen
FET-Schalter umfassen.

Aktivmatrix-Anzeige, umfassend eine Vielzahl von
elektrooptischen Anzeigeelementen, wobei jedes
Anzeigeelement eine zugehdrige Anzeigeelement-
Treiberschaltungsanordnung nach einem der An-
spriiche 1 bis 5 hat.

Aktivmatrix-Anzeige nach Anspruch 6, ferner umfas-
send einen Schalter, um die Datenleitung mit einem
Datenleitungstreiber und einer Signalleseschaltung
selektiv zu koppeln.

Aktivmatrix-Anzeige nach Anspruch 6 oder 7, ferner
umfassend eine Steuerschaltungsanordnung, um
die erste und die zweite Steuerleitung so zu betrei-
ben, dass die Anzeige in einer Vielzahl von Modi
arbeitet.

Aktivmatrix-Anzeige nach Anspruch 8, wobei die
Modi einen Umgebungslichtkompensationsmodus
aufweisen, in dem die Steuerschaltungsanordnung
die Anzeigeelement-Treiberschaltungsanordnung
so steuert, dass diese die Umgebungslichtintensitat
misst, bevor Daten in die Anzeige geschrieben wer-
den.

Aktivmatrix-Anzeige nach Anspruch 8 oder 9, wobei
die Modi einen Stromtreibermodus aufweisen, in
demdie Helligkeit des Anzeigeelements durch einen
Referenzstrom auf der Datenleitung eingestellt wird.

Aktivmatrix-Anzeige nach Anspruch 8, 9 oder 10,
wobei die Modi einen ersten Spannungssteuerungs-
modus aufweisen, in dem die Helligkeit des Anzei-
geelement durch eine Spannung auf der Datenlei-
tung eingestellt ist.

Aktivmatrix-Anzeige nach einem der Anspriiche 8
bis 11, wobei die Modi einen zweiten Spannungs-
steuerungsmodus aufweisen, in dem die Helligkeit
des Anzeigeelements durch eine Spannung auf der
Datenleitung eingestellt wird und in dem die zweite
Steuerleitung betrieben wird, um das fotoempfindli-
che Element und den Treiber zu koppeln, wahrend
das Anzeigeelement eingeschaltet ist.
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13.

14.

15.

16.

17.

20

Aktivmatrix-Display nach einem der Anspriiche 8 bis
12, ferner umfassend einen Musterleseeingabemo-
dus, in dem die Steuerschaltungsanordnung die An-
zeigeelement-Treiberschaltungsanordnung o)
steuert, dass ein Lichtmuster von der Anzeige unter
Verwendung einer Vielzahl der fotoempfindlichen
Bauelemente, die einer entsprechenden Vielzahl der
Anzeigeelemente zugeordnet sind, ausgegeben
wird.

Anzeigeelement-Treiberschaltungsanordnung nach
einem der Anspriiche 1 bis 5 oder Aktivmatrix-An-
zeige nach einem der Anspriiche 6 bis 13, wobei das
elektrooptische Anzeigeelement eine organische
Licht emittierende Diode umfasst.

Verfahren zum Betreiben einer Anzeigeelement-
Treiberschaltungsanordnung nach einem der An-
spriiche 1 bis 5, wobei das Verfahren umfasst:

Steuern der Schaltungsanordnung, um das fo-
toempfindliche Bauelement mit der Datenlei-
tung zu koppeln;

Messen einer Lichtintensitat unter Verwendung
des photoempfindlichen Bauelements;
Steuern der Schaltungsanordnung, um den
Treiber mit der Datenleitung zu koppeln; und
Ansteuern der Datenleitung mit einem Signal in
Abhangigkeit von der Messung.

Verfahren zum Betreiben einer Anzeigeelement-
Treiberschaltungsanordnung nach einem der An-
spriiche 1 bis 5, wobei das Verfahren umfasst:

Steuern der ersten und der zweiten Steuerlei-
tung, um das erste und das zweite Steuersignal
gemeinsam zu aktivieren und zu deaktivieren;
und

Betreiben der Datenleitung mit einem Referenz-
strom, um eine Helligkeit fir das Anzeige-
element einzustellen, wenn der Treiber, das fo-
toempfindliche Bauelement und die Datenlei-
tung alle gekoppelt sind.

Verfahren zum Betreiben einer Anzeigeelement-
Treiberschaltungsanordnung nach einem der An-
spriiche 1 bis 5, wobei das Verfahren umfasst:

Steuern der ersten und der zweiten Steuerlei-
tung, um das erste und das zweite Steuersignal
gemeinsam zu aktivieren und zu deaktivieren;
und

Betreiben der Datenleitung mit einer Referenz-
spannung, um eine Helligkeit fur das Anzeige-
element einzustellen, wenn der Treiber, das fo-
toempfindliche Bauelement und die Datenlei-
tung alle gekoppelt sind.
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18. Verfahren nach Anspruch 16 oder 17, ferner umfas-

send:

Steuern der Schaltungsanordnung, das foto-
empfindliche Bauelement mit der Datenleitung
zu koppeln;

Messen einer Lichtintensitat unter Verwendung
des photoempfindlichen Bauelements; und
Steuern der Schaltungsanordnung, um den
Treiber mit der Datenleitung zu koppeln; und
wobei durch diesen Treibervorgang die Daten-
leitung mit einem Signal in Abhangigkeit von der
Messung betrieben wird.

19. Verfahren zum Betreiben einer Anzeigeelement-

Treiberschaltungsanordnung nach einem der An-
spriiche 1 bis 5, wobei das Verfahren umfasst:

Steuern der zweiten Steuerleitung, um das
zweite Steuersignal zu aktivieren, um das foto-
empfindliche Bauelement mit dem Treiber zu
koppeln;

Steuern der ersten Steuerleitung, um das foto-
empfindliche Bauelement mit der Datenleitung
zu koppeln, um das Anzeigeelement anzusteu-
ern;

Betreiben der Datenleitung mit einer Referenz-
spannung, um die Helligkeit des Anzeige-
elements einzustellen, wenn der Treiber, das fo-
toempfindliche Bauelement und die Datenlei-
tung alle gekoppelt sind; und

Steuern der ersten Steuerleitung, um das foto-
empfindliche Bauelement von der Datenleitung
zu entkoppeln, um dem Anzeigeelement die An-
steuerung zu entziehen, wahrend das zweite
Steuersignal beibehalten wird, um die Kopplung
des fotoempfindlichen Bauelements mit dem
Treiber beizubehalten.

20. Verfahren zum Betreiben einer Aktivmatrix-Anzeige

als Lichtmustersensor, wobei die Aktivmatrix-Anzei-
ge eine Vielzahl von Anzeigeelementen umfasst,
wobei jedes Anzeigeelement eine zugehérige An-
zeigeelement-Treiberschaltungsanordnung  nach
einem der Anspriiche | bis 5 hat, wobei das Verfah-
ren umfasst:

Steuern der Anzeigeelement-Treibersschal-
tungsanordnung einer Vielzahl der Anzeige-
elemente, um das fotoempfindliche Bauelement
jedes Anzeigeelements mit der entsprechenden
Datenleitung zu koppeln; und

Lesen von Lichtmusterdaten von der Anzeige
unter Verwendung der Datenleitung jedes foto-
empfindlichen Bauelements.

21. Verfahren zur Steuerung der Lichtleistung von ei-

nem Pixel einer Aktivmatrix-Elektrolumineszensan-
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22,

22

zeige, wobei das Pixel ein Elektrolumineszens-An-
zeigeelement und einen Lichtsensor aufweist, der
mit dem Elektrolumineszens-Anzeigeelement op-
tisch gekoppelt ist, um einen optische Rulckkopp-
lungsweg zur Steuerung der Lichtleistung des Elek-
trolumineszens-Anzeigeelements bereitzustellen,
wobei die Elektrolumineszensanzeige eine Anzeige-
element-Treiberschaltungsanordnung nach einem
der Anspriiche 1 bis 5 hat, wobei der Lichtsensor
das fotoempfindliche Bauelement der Schaltungs-
anordnung ist, wobei das Verfahren umfasst:

Messen einer Umgebungslichtintensitat unter
Verwendung des Lichtsensors; und

Schreiben eines Lichtintensitatssignals in das
Pixel, das modifiziert wird, um die Umgebungs-
lichtintensitat zu kompensieren.

Verfahren nach Anspruch 15, 18 oder 21, ferner um-
fassend: Schreiben eines Anfangssignals in das An-
zeigeelement oder Pixels vor der Messung, wobei
das Anfangssignal dazu dient, das Anzeigeelement
oder Pixel im Wesentlichen auszuschalten.

Revendications

2,

Circuit d’attaque d’élément d’affichage destiné a at-
taquer un élément d’un affichage électro-optique, le
circuit comportant des premiére et seconde lignes
de commande et une ligne de données, le circuit
comprenant :

un dispositif d’attaque pour attaquer I'élément
d’affichage électro-optique en fonction d'une
tension d’attaque ;

un dispositif photosensible couplé optiquement
al’élément d’affichage électro-optique pour faire
passer un courant lorsqu’un éclairage atteint le
dispositif photosensible ;

un premier dispositif de commande couplé entre
le dispositif photosensible et la ligne de données
et réagissant a un premier signal de commande
surla premiere ligne de commande pour coupler
le dispositif photosensible a la ligne de
données ; et

un second dispositif de commande couplé entre
le dispositif photosensible et le dispositif d’atta-
que et réagissant a un second signal de com-
mande sur la seconde ligne de commande pour
coupler le dispositif photosensible au dispositif
d’attaque, dans lequel

le circuit d’attaque d’élément d’affichage est
congu de sorte que le premier signal de com-
mande et le second signal de commande peu-
vent étre controlés séparément.

Circuit d’attaque d’élément d’affichage selon la re-
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vendication 1, comprenant en outre un élément de
stockage couplé au second dispositif de commande
pour mémoriser une tension d’attaque pour le dis-
positif d’attaque.

Circuit d’attaque d’élément d’affichage selon la re-
vendication 2, dans lequel I'élément de stockage
comprend un condensateur.

Circuit d’attaque d’élément d’'affichage selon la re-
vendication 3, dans lequel le dispositif d’attaque
comprend un transistor a effet de champ (FET) etle
condensateur comprend une capacité de grille dudit
FET.

Circuit d’attaque d’élément d’affichage selon l'une
quelconque des revendications 1 a 4, dans lequel
lesdits premier et second dispositifs de commande
comprennent chacun un commutateur FET.

Dispositif d’affichage a matrice active comprenant
une pluralité déléments d’affichage électro-opti-
ques, chaque élément d’affichage ayant un circuit
d’attaque d’élément d’affichage associé selon 'une
quelconque des revendications 1 a 5.

Dispositif d’affichage a matrice active selon lareven-
dication 6, comprenant en outre un commutateur
destiné a coupler sélectivement ladite ligne de don-
nées a un dispositif d’attaque de ligne de données
et a un circuit de détection de signal.

Dispositif d’affichage a matrice active selon lareven-
dication 6 ou 7, comprenant en outre un circuit de
commande destiné a attaquer lesdites premiére et
seconde lignes de commande pour faire fonctionner
le dispositif d’affichage dans une pluralité de modes.

Dispositif d’affichage a matrice active selon lareven-
dication 8, dans lequel lesdits modes comprennent
un mode de compensation de la lumiere ambiante
dans lequel ledit circuit de commande ordonne au
circuit d’attaque d’élément d’affichage de mesurer
un niveau de lumiére ambiante avant d’écrire les
données sur le dispositif d’affichage.

Dispositif d’affichage a matrice active selon lareven-
dication 8 ou 9, dans lequel lesdits modes compren-
nent un mode d’attaque en courant dans lequel la
luminosité dudit élément d’affichage est fixée par un
courant de référence sur ladite ligne de données.

Dispositif d’affichage a matrice active selon lareven-
dication 8, 9 ou 10, dans lequel lesdits modes com-
prennentun premier mode d’attaque entensiondans
lequel la luminosité dudit élément d’affichage est
fixée par une tension sur ladite ligne de données.
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Dispositif d’affichage a matrice active selon l'une
quelconque des revendications 8 a 11, dans lequel
lesdits modes comprennent un second mode d’atta-
que en tension dans lequel la luminosité dudit élé-
ment d’affichage est fixée par une tension sur ladite
ligne de données et dans lequel ladite seconde ligne
de commande est entrainée a coupler ledit élément
photosensible et ledit dispositif d’attaque pendant
que ledit élément d’affichage est actif.

Dispositif d’affichage a matrice active selon l'une
quelconque des revendications 8 a 12, comprenant
en outre un mode d’entrée de détection de motif dans
lequel ledit circuit de commande ordonne au circuit
d’attaque d’élément d’affichage d’entrer un motif de
lumieére provenant dudit dispositif d’affichage au
moyen d’une pluralité desdits dispositifs photosen-
sibles associés a une pluralité correspondante des-
dits éléments d’affichage.

Circuit d’attaque d’élément d’affichage selon l'une
quelconque des revendications 1 a 5 ou dispositif
d’affichage a matrice active selon I'une quelconque
des revendications 6 a 13, dans lequel ledit élément
d’affichage électro-optique comprend une diode
électroluminescente organique.

Procédé d'utilisation d’un circuit d’attaque d’élément
d’affichage selon I'une quelconque des revendica-
tions 1 a 5, le procédé comprenant :

la commande dudit circuit pour coupler ledit dis-
positif photosensible a ladite ligne de données ;
la mesure du niveau de lumiére au moyen dudit
dispositif photosensible ;

la commande dudit circuit pour coupler ledit dis-
positif d’attaque a ladite ligne de données ; et
I’attaque de ladite ligne de données avec un si-
gnal en fonction de ladite mesure.

Procédé d'utilisation d’un circuit d’attaque d’élément
d’affichage selon I'une quelconque des revendica-
tions 1 a 5, le procédé comprenant :

la commande desdites premiére et seconde li-
gnes de commandes pour valider et invalider
lesdits premier et second signaux de commande
ensemble ; et

I'attaque de ladite ligne de données avec un cou-
rant de référence pour fixer une luminosité pour
ledit élément d’affichage lorsque ledit dispositif
d’attaque, ledit dispositif photosensible et ladite
ligne de données sont tous couplés.

Procédé d'utilisation d’un circuit d’attaque d’élément
d’affichage selon I'une quelconque des revendica-
tions 1 a 5, le procédé comprenant :
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la commande desdites premiére et seconde li-
gnes de commandes pour valider et invalider
lesdits premier etsecond signaux de commande
ensemble ; et

I'attaque de ladite ligne de données avec une
tension de référence pour fixer une luminosité
pour ledit élément d’affichage lorsque ledit dis-
positif d'attaque, ledit dispositif photosensible et
ladite ligne de données sont tous couplés.

18. Procédé selon la revendication 16 ou 17, compre-

nant en outre :

la commande dudit circuit pour coupler ledit dis-
positif photosensible a ladite ligne de données ;
la mesure d’un niveau de lumiére au moyen du-
dit dispositif photosensible ; et

la commande dudit circuit pour coupler ledit dis-
positif d’attaque a ladite ligne de données ; et
dans lequel ladite attaque a pour effet d’attaquer
ladite ligne de données avec un signal qui est
fonction de ladite mesure.

19. Procédé d'utilisation d’un circuit d’attaque d’élément

d’affichage selon I'une quelconque des revendica-
tions 1 a 5, le procédé comprenant :

la commande de ladite seconde ligne de com-
mande pour valider ledit second signal de com-
mande afin de coupler le dispositif photosensi-
ble au dispositif d’attaque ;

la commande de ladite premiére ligne de com-
mande pour coupler le dispositif photosensible
a la ligne de données afin de sélectionner I'élé-
ment d’affichage ;

I'attaque de ladite ligne de données avec une
tension de référence pour fixer une luminosité
pour ledit élément d’affichage lorsque ledit dis-
positif d'attaque, ledit dispositif photosensible et
ladite ligne de données sont tous couplés ; et
la commande de ladite premiére ligne de com-
mande pour séparer le dispositif photosensible
de la ligne de données afin de désélectionner
I'élément d’affichage tout en maintenantleditse-
cond signalde commande pour maintenir le cou-
plage dudit dispositif photosensible audit dispo-
sitif d’attaque.

20. Procédé permettant d’utiliser un dispositif d’afficha-

ge a matrice active comme un détecteur de motif de
lumiere, le dispositif d’affichage a matrice active
comprenant une pluralité d’éléments d’affichage,
chaque élément d’affichage ayant un circuit d’atta-
que d’élément d’affichage associé selon I'une quel-
conque des revendications 1 a 5, le procédé
comprenant :

la commande du circuit d’attaque d’élément
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21.

22,

26

d’affichage d’une pluralité desdits éléments d’af-
fichage pour coupler le dispositif photosensible
de chaque élément d’affichage alaligne de don-
nées correspondante ; et

lalecture de données de motif de lumiére depuis
le dispositif d’affichage au moyen de la ligne de
données de chaque dispositif photosensible.

Procédé permettant de commander lalumiére émise
par un pixel d’un dispositif électroluminescent a ma-
trice active, le pixel comprenant un élément d’affi-
chage électroluminescent et un capteur de lumiére
optiquement couplé a I'élément d’affichage électro-
luminescent pour fournir un trajet de rétroaction op-
tigue pour commander I'émission de lumiére par
I’élément d’affichage électroluminescent, le disposi-
tif d’affichage électroluminescent ayant un circuit
d’attaque d’élément d’affichage selon I'une quelcon-
que des revendications 1 a 5, le capteur de lumiéere
étant le dispositif photosensible dudit circuit, le pro-
cédé comprenant :

la mesure d’'un niveau de lumiére ambiante au
moyen du capteur de lumiére ; et

I’écriture d’un signal de niveau de lumiére dans
le pixel modifié pour compenser ledit niveau de
lumiére ambiante.

Procédé selon la revendication 15, 18 ou 21, com-
prenant en outre I'écriture d’un signal initial dans
I’élément d’affichage ou le pixel avant ladite mesure,
dans lequel ledit signal initial est destiné a sensible-
ment désactiver I'élément d’affichage ou le pixel.
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