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EP 1 756 795 B1
Description

[0001] This invention relates to active matrix display devices, particularly but not exclusively active matrix electrolu-
minescent display devices having thin film switching transistors associated with each pixel.

[0002] Matrix display devices employing electroluminescent, light-emitting, display elements are well known. The
display elements may comprise organic thin film electroluminescent elements, for example using polymer materials, or
else light emitting diodes (LEDs) using traditional 11I-V semiconductor compounds. Recent developments in organic
electroluminescent materials, particularly polymer materials, have demonstrated their ability to be used practically for
video display devices. These materials typically comprise one or more layers of a semiconducting conjugated polymer
sandwiched between a pair of electrodes, one of which is transparent and the other of which is of a material suitable for
injecting holes or electrons into the polymer layer.

[0003] Figure 1 shows a known active matrix addressed electroluminescent display device. The display device com-
prises a panel having a row and column matrix array of regularly-spaced pixels, denoted by the blocks 1 and comprising
electroluminescent display elements 2 together with associated switching means, located at the intersections between
crossing sets of row (selection) and column (data) address conductors 4 and 6. Only a few pixels are shown in the Figure
for simplicity. In practice there may be several hundred rows and columns of pixels. The pixels 1 are addressed via the
sets of row and column address conductors by a peripheral drive circuit comprising a row, scanning, driver circuit 8 and
a column, data, driver circuit 9 connected to the ends of the respective sets of conductors.

[0004] Display devices of this type have current-addressed display elements. There are a large number of pixel circuits
for providing a controllable current through the display element, and these pixel circuits typically include a current source
transistor, with the gate voltage supplied to the current source transistor determining the current through the display
element. A storage capacitor holds the gate voltage after the addressing phase.

[0005] For circuits based on polysilicon, there are variations in the threshold voltage of the transistors due to the
statistical distribution of the polysilicon grains in the channel of the transistors. Polysilicon transistors are, however, fairly
stable under current and voltage stress, so that the threshold voltages remain substantially constant.

[0006] The variation in threshold voltage is small in amorphous silicon transistors, at least over short ranges over the
substrate, but the threshold voltage is very sensitive to voltage stress. Application of the high voltages above threshold
needed for the drive transistor causes large changes in threshold voltage, which changes are dependent on the infor-
mation content of the displayed image. There will therefore be a large difference in the threshold voltage of an amorphous
silicon transistor that is always on compared with one that is not. This differential ageing is a serious problem in LED
displays driven with amorphous silicon transistors.

[0007] In addition to variations in transistor characteristics there is also differential ageing in the LED itself. This is due
to a reduction in the efficiency of the light emitting material after current stressing. In most cases, the more current and
charge passed through an LED, the lower the efficiency.

[0008] There have been proposals for voltage-addressed pixel circuits which compensate for the aging of the LED
material. For example, various pixel circuits have been proposed in which the pixels include a light sensing element.
This element is responsive to the light output of the display element and acts to leak stored charge on the storage
capacitor in response to the light output, so as to control the integrated light output of the display during the address
period. Figure 2 shows one example of pixel layout for this purpose. Examples of this type of pixel configuration are
described in detail in WO 01/20591 and EP 1 096 466.

[0009] The drive transistor 22 is controlled by the voltage on its gate, which is stored on a capacitor 24, during an
addressing phase. During the addressing phase, the desired voltage is transferred from the column 6 to the capacitor
24 by means of an addressing transistor 16, which is turned on only during the addressing phase.

[0010] In the pixel circuit of Figure 2, a photodiode 27 discharges the gate voltage stored on the capacitor 24. The EL
display element 2 will no longer emit when the gate voltage on the drive transistor 22 reaches the threshold voltage,
and the storage capacitor 24 will then stop discharging. The rate at which charge is leaked from the photodiode 27 is a
function of the display element output, so that the photodiode 27 functions as a light-sensitive feedback device. It can
be shown that the integrated light output, taking into the account the effect of the photodiode 27, is given by:

L=—S_wo-r) .0

Nep-Lp

[0011] In this equation, npp is the efficiency of the photodiode, which is very uniform across the display, Cg is the
storage capacitance, T is the frame time, V(0) is the initial gate-source voltage of the drive transistor and Vy is the
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threshold voltage of the drive transistor. The light output is therefore independent of the EL display element efficiency
and thereby provides aging compensation. However, V varies across the display so it will exhibit nonuniformity.
[0012] There are refinements to this basic circuit, but the problem remains that practical voltage-addressed circuits
are still susceptible to threshold voltage variations. Thus, the circuit of Figure 2 will not compensate for the stress induced
threshold voltage variations of an amorphous silicon drive transistor. Furthermore, as the capacitor holding the gate-
source voltage is discharged, the drive current for the display element drops gradually. Thus, the brightness tails off.
This gives rise to a lower average light intensity.

[0013] The applicant has proposed an alternative optical feedback pixel circuit, in which the drive transistor is controlled
to provide a constant light output from the display element. The optical feedback, for aging compensation, is used to
alter the timing of operation (in particular the turning on) of a discharge transistor, which in turn operates to switch off
the drive transistor rapidly. The timing of operation of the discharge transistor is also dependent on the data voltage to
be applied to the pixel. In this way, the average light output can be higher than schemes which switch off the drive
transistor more slowly in response to light output. The display element can thus operate more efficiently. Any drift in the
threshold voltage of the drive transistor will manifest itself as a change in the (constant) brightness of the display element.
As aresult, the modified optical feedback circuit proposed by the applicant compensates for variations in output brightness
resulting both from LED ageing and drive transistor threshold voltage variations.

[0014] While the known pixel circuits, and particularly the proposed pixel circuit outlined above (and explained further
below), can provide correction for differential ageing of LED display elements of different pixels, they do not extend the
lifetime of the display.

[0015] According to the invention, there is provided an active matrix display device comprising an array of display
pixels, each pixel comprising:

a current-driven light emitting display element;

a drive transistor for driving a current through the display element;

pixel circuitry including an optical feedback element, for controlling the drive transistor to drive a substantially constant
current through the display element for a duration which depends on the desired display pixel output level and an
optical feedback signal of the optical feedback element; and

control means for applying an output configuration for the display, the output configuration including values for at
least a pixel power supply voltage, a frame period and an allowed range of pixel drive levels, wherein the control
means is adapted to vary the output configuration by varying one or more of said values in response to ageing of
the display element.

[0016] In this device, an output configuration is varied as the device ages, so that the optical feedback system can
continue to provide compensation for differential ageing of the display elements for a longer period of use of the display.
[0017] The pixel circuitry may comprise a storage capacitor for storing a voltage to be used for addressing for the
drive transistor and a discharge transistor for discharging the storage capacitor thereby to switch off the drive transistor.
A light-dependent device then controls the timing of the operation of the discharge transistor by varying the gate voltage
applied to the discharge transistor in dependence on the light output of the display element. This duty cycle control
scheme enables the display element to operate at substantially full brightness, and this in turn enables the field period
to be reduced to a minimum, which is desirable for large displays.

[0018] A discharge capacitor may be provided between the gate of the discharge transistor and a constant voltage
line, and the light dependent device is then for charging or discharging the discharge capacitor.

[0019] Each pixel may further comprise a charging transistor connected between a charging line and the gate of the
drive transistor and each pixel may further comprise an isolating transistor connected in series with the drive transistor.
[0020] In one arrangement, power supply lines are provided for each column of pixels. For example, different power
lines can be provided for columns of different colour pixels. These vertical power lines can also be used for monitoring
purposes, to monitor the ageing of the display elements. For example, each pixel may further comprise a readout
transistor to enable detection of the state of the drive transistor from a column conductor. By detecting the state of the
drive transistor at the end of a field period, it can be determined whether or not the optical feedback system has turned
off the drive transistor. If not, this is indicative of ageing of the display element to such an extent that the current operating
characteristics of the display do not allow correct compensation to take place.

[0021] In one arrangement, each pixel further comprises a readout transistor to enable detection of the state of the
drive transistor from a column conductor. Alternatively, each column of pixels further comprises a readout transistor to
enable detection of the state of the drive transistors in the column.

[0022] The invention also provides a method of driving an active matrix display device comprising an array of display
pixels each comprising a drive transistor, a current-driven light emitting display element and pixel circuitry including an
optical feedback element, the method comprising:
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(i) applying an output configuration for the display, the output configuration including values for at least a pixel power
supply voltage, a frame period and an allowed range of pixel drive levels;

(ii) addressing each pixel by controlling the drive transistor to drive a substantially constant current through the
display element for a duration which depends on the desired display pixel output level and an optical feedback signal
of the optical feedback element; and

(iii) monitoring ageing of display elements of the array, varying the output configuration by varying one or more of
said values in response to ageing of the display elements, and repeating steps (i) and (ii) for the varied output
configuration.

[0023] The invention will now be described by way of example with reference to the accompanying drawings, in which:

Figure 1 shows a known EL display device;

Figure 2 shows a known pixel design which compensates for differential aging;

Figure 3 shows pixel circuit proposed by the applicant;

Figure 4 is a timing diagram for explaining the operation of the circuit of Figure 3.

Figure 5 shows a modification to the circuit of Figure 3;

Figure 6 is a timing diagram for explaining the operation of the circuit of Figure 5;

Figure 7 shows the device characteristics for the circuit of Figure 6 for the purposes of explaining in more detail the
operation of the circuit of Figure 6;

Figure 8 shows the pixel output for one field;

Figure 9 shows how the pixel output can not be corrected after more serious ageing effects;
Figure 10 shows how a pixel output capability varies over time;

Figure 11 shows a modified pixel circuit of the invention;

Figure 12 shows a first example of modified column circuitry for implementing the invention;
Figure 13 is a timing diagram for explaining the operation of the circuit of Figure 12;

Figure 14 shows a second example of modified column circuitry for implementing the invention;
Figure 15 is a timing diagram for explaining the operation of the circuit of Figure 14;

Figure 16 shows a third example of modified column circuitry for implementing the invention.
Figure 17 is used to explain an alternative circuit operation of the invention;

Figure 18 shows a further example of pixel circuit which can be modified by the invention; and
Figure 19 shows how an amorphous silicon circuit, similar to that shown in Figure 3, can be modified in accordance
with the invention.

[0024] It should be noted that these figures are diagrammatic and not drawn to scale. Relative dimensions and pro-
portions of parts of these figures have been shown exaggerated or reduced in size, for the sake of clarity and convenience
in the drawings.

[0025] A pixel circuit already proposed by the applicant (but not yet published at the time of filing this application) will
first be described. In this pixel circuit, the drive transistor is driven with a constant gate voltage during a given frame
period, and the period of time during which the display element is illuminated (at a constant brightness) takes into account
the aging effect both of the LED material and the drive transistor as well as the desired brightness output.

[0026] Figure 3 shows an example of the proposed pixel layout. The pixel circuit is for use in a display such as shown
in Figure 1. The circuit of Figure 3 is suitable for implementation using amorphous silicon n-type transistors.

[0027] The gate-source voltage for the drive transistor 22 is again held on a storage capacitor 30. However, this
capacitor is charged to a fixed voltage from a charging line 32, by means of a charging transistor 34. Thus, the drive
transistor 22 is driven to a constant level which is independent of the data input to the pixel when the display element
is to be illuminated. The brightness is controlled by varying the duty cycle, in particular by varying the time when the
drive transistor is turned off.

[0028] Thedrive transistor 22 is turned off by means of a discharge transistor 36 which discharges the storage capacitor
30. When the discharge transistor 36 is turned on, the capacitor 30 is rapidly discharged and the drive transistor turned off.
[0029] The discharge transistor is turned on when the gate voltage reaches a sufficient voltage. A photodiode 38 is
illuminated by the display element 2 and generates a photocurrent in dependence on the light output of the display
element 2. This photocurrent charges a discharge capacitor 40, and at a certain point in time, the voltage across the
capacitor 40 will reach the threshold voltage of the discharge transistor 40 and thereby switch it on. This time will depend
on the charge originally stored on the capacitor 40 and on the photocurrent, which in turn depends on the light output
of the display element.

[0030] Thus, the data signal provided to the pixel on the data line 6 is supplied by the address transistor 16 and is
stored on the discharge capacitor 40. A low brightness is represented by a high data signal (so that only a small amount
of additional charge is needed for the transistor 36 to switch off) and a high brightness is represented by a low data
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signal (so that a large amount of additional charge is needed for the transistor 36 to switch off).

[0031] This circuit thus has optical feedback for compensating ageing of the display element, and also has threshold
compensation of the drive transistor 22, because variations in the drive transistor characteristics will also result in
differences in the display element output, which are again compensated by the optical feedback. For the transistor 36,
the gate voltage over threshold is kept very small, so that the threshold voltage variation is much less significant.
[0032] As shown in Figure 3, each pixel also has a bypass transistor 42 (T3) connected between the source of the
drive transistor 22 and a bypass line 44. This bypass line 44 can be common to all pixels. This is used to ensure a
constant voltage at the source of the drive transistor when the storage capacitor 30 is being charged. Thus, it removes
the dependency of the source voltage on the voltage drop across of the display element, which is a function of the current
flowing. Thus, a fixed gate-source voltage is stored on the capacitor 30, and the display element is turned off when a
data voltage is being stored in the pixel.

[0033] Figure 4 shows timing diagrams for the operation of the circuit of Figure 3 and is used to explain the circuit
operation in further detail.

[0034] The power supply line has a switched voltage applied to it. Plot 50 shows this voltage. During the writing of
data to the pixel, the power supply line 26 is switched low, so that the drive transistor 22 is turned off. This enables the
bypass transistor 42 to provide a good ground reference.

[0035] The control lines for the three transistors 16,34,42 are connected together, and the three transistors are all
turned on when the power supply line is low. This shared control line signal is shown as plot 52.

[0036] Turning on transistor 16 has the effect of charging the discharge capacitor 40 to the data voltage. Turning on
transistor 34has the effect of charging the storage capacitor 30 to the constant charging voltage from charging line 32,
and turning on transistor 42 has the effect of bypassing the display element 2 and fixing the source voltage of the drive
transistor 22. As shown in plot 54, data (the hatched area) is applied to the pixel during this time.

[0037] The circuit above is an n-type only arrangement, which is therefore suitable for amorphous silicon implemen-
tation.

[0038] Figure 5 shows a n-type and p-type circuit, suitable for implementation using a low temperature polysilicon
process, and which uses n-type and p-type devices.

[0039] The drive transistor 22 is implemented as a p-type device. The storage capacitor 30 is connected between the
power supply line 26 and the gate of the drive transistor 22, as the source is now connected to the power supply line.
Similarly, the discharge transistor 36 is a p-type device, and the discharge capacitor 40 is thus connected between the
power supply line 26 and the gate of the transistor 36. In this circuit, charge is removed from the capacitor 40 by the
photodiode 38 to result in a drop in the gate voltage of the discharge transistor 36 until it turns on.

[0040] The charging transistor 34 is also a p-type device and is connected between the gate of the drive transistor 22
and ground. The charging operation effected by the transistor 34 is thus to charge the capacitor until the full power
supply voltage is across it. This holds the gate of the drive transistor 22 at ground, which turns the drive transistor fully
on (as it is a p-type device).

[0041] Fundamentally, therefore, the circuit operates in the same way as the circuit above, with adaptations to allow
the use of p-type transistors.

[0042] An isolating transistor 62 enables the display element 2 to be turned off during the addressing phase so that
black performance is preserved. In Figure 5, this is a p-type device, although it may of course be an n-type device.
[0043] As shown in Figure 6, the gate control signal 56 turns the p-type transistor 62 on when it is low, and when it
goes high for the addressing period, the transistor 62 is turned off while the transistors 16,34 are turned on (by a signal
which is the inverse of 56).

[0044] The total lifetime of OLED displays remains the most critical factor for displays of this type, especially for the
blue LED pixels. Any measure that enables extended lifetime is therefore important.

[0045] This invention relates to the control of the pixel circuit of the type described above over its lifetime, in order to
obtain extended lifetime, whilst maintaining the benefit of compensated differential ageing. The main factors effecting
the display lifetime are the power supply voltages, the frame time and the data voltage range. This invention relates to
the control of these parameters to obtain the best possible display lifetime with minimal differential ageing.

[0046] The invention extends the life of a display using the optical feedback compensation system, but determining
when the optical feedback system has reached the limit of its correction capability, and then varying an output configuration
for the display. This output configuration includes values for the pixel power supply voltages, the field period and an
allowed range of pixel drive levels. By varying one or more of these parameters, the correction capability is extended.
[0047] In order to explain the method and circuit modifications of the invention, it is useful to analyse the operation of
the circuit described above in more detail. For this purpose, Figure 7 shows the circuit of Figure 6, with the component
values indicated for the purpose of analysis. The subscript 1 relates to the drive transistor 22 (and which will be termed
Tp) and the subscript 2 relates to the discharge transistor 36 (and which will be termed Tg).

[0048] The current supplied to the OLED by Tp can be written as |, = f(V4,Vpg) and the luminance of the OLED is L
=N_epl1/A_Lep Where n_gp is the efficiency of the OLED in Cd/A and A gp is the area of the pixel aperture. It can assumed
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that Tg is a perfect switch so that I, = H(V,-V1,) where H is a step function that is zero until V, equals V5. The differential

equations that describe the circuit operation are given in equation [2].

dav;
C—t=-HW,()-r.)
av, A
2 —2= NepMienS V1), Vs (D) £D
dt Apep

[0049] The first of the pair of equations comes from the discharge of capacitance C, and the second from the charging
of C, by the photodiode whose efficiency is npp with units of A/Cd and has area App. As H is a step function, we can

easily solve these coupled equations. The solution for V; is simply:

() fort<tg,
0 fort>tgy

Vl(t)={

where tqy is the time for which the circuit emits light as shown in Figure 8.
[0050] As V,(t) is fixed until toy is reached Vpg(t) can also be found.

Ve =Viep(0) for t<tgy
Ve =Viiep for t>tgy

VDS(t) ={

where Vp is the power supply voltage, V| gp is the OLED anode voltage, and V1 gp is the threshold voltage of the OLED.

This can easily be solved for V,.

Tenuen Aen 257 0y, 7, —V,ep (O))F

RO-1© =y, G
_LDE'jQA_,::,f (Oa VP - VTLED )t

[0051] toy can then be found because this will be the time at which Tg switches on i.e. when V,(t) = V1,. The average

luminance of the circuit is given by:

Ly =122 £(5,(0),V; ~ Vs (0)) 22

ON
ALED T, F

where T is the frame time. Therefore, when toy < Tg



10

15

20

25

30

35

40

45

50

55

EP 1756 795 B1

-——%_(,-%©) [3]

L
v Appn1pp T

[0052] This shows that the circuit is independent of the OLED efficiency and the parameters of the drive TFT T when
it is assumed that Tg is a perfect switch. The parameters that can be used to control brightness are the voltage V,(0)
and the frame time Tg.

[0053] If, however, toy > T then errors occur in the differential aging correction capability of the circuit. In this case
the luminance error will be:

% _@,- V;(O))-Z—@f(V. 0.V, ~ V15 (0))

AppTtpp Ty LED

AL =

which is positive i.e. the circuit has provided too much luminance because the end of the frame time has been reached,
as shown in Figure 9.
[0054] This error needs to be less than or equal to zero i.e. AL < 0, which gives:

T O AR SOV NG ]

APD PDTF LED

[0055] An assumption can be made about the drive TFT Tp,. As the lowest power consumption of the circuit can be
achieved when Tp is driven in its linear region it can be assumed that:

L= f (RO, ~Vyep(0) = B (O) =V NV =V 12 (0))
where B is the trans-conductance parameter of Tp. Assuming a simple model for the OLED i.e.

I = %(VLED 0)- Viiep )2

then

a (VLED (0) - VTLED)Z

VP - VLED 0)= 2/B(V1 — Vn)

substituting into equation [4]:
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2 C2 ALED

MepMpp@Lr App

Vyen(0) 2 Vypp + \W -7,(0))

or

VLED (O) 2 VTLED + Vrz - Vz(o))\/TZ [5]

where 71 is a time constant given by

- 2GC, Arep
ﬂLEDUPDa(Vn -V, (O)) App

T

[0056] As the OLED ages, both n gp and a will reduce which will increase t and hence the initial OLED voltage
necessary to give sufficient luminance within a frame time and to make sure the circuit turns off within the frame time.
As Tp is in its linear region then the power supply will be slightly above the OLED voltage. Therefore either the power
supply or frame time will need to be increased or data voltage range decreased as the OLED degrades.

[0057] The pixel usage for an AMPLED display is shown in Figure 10. This shows the probability of pixel usage over
lifetime P(Tp) = Tp/Tax Versus time T. Tp is a total pixel on-time and T, is the maximum possible time for a pixel to
be on. The three plots show the probability of any pixel having a given on-time, and each plot represents the pixels for
a display of different age.

[0058] The spread in pixel usage (i.e. pixel on-time) at the beginning of the display lifetime (T1) is quite small and
therefore the visible effects of burn-in will be negligible. Over the lifetime of the display (T2 then T3) the distribution will
become broader and burn-in effects will become more serious.

[0059] This shows that the effects of burn-in (i.e. differential ageing of the LED display elements) will not be significant
at the beginning of the display lifetime, so that the optical feedback compensation scheme will not require the full frame
period to perform differential ageing compensation.

[0060] As a result, at the beginning of life the display, the display can be operated at low power supply (Vp) and burn-
in will not have occurred. This will reduce heating and therefore reduce the degradation of the OLED. As the display
ages, the spread in pixel usage will become more serious and the correction measures of optical feedback will need to
come into play. This will require:

(A) increasing the power supply (so that enough light output can be provided within the field period); and/or

(B) increasing the frame time (so that more time is available to provide compensated integrated light output for all
pixels), and/or

(C) reducing the data voltage range (so that no pixels are driven to the maximum brightness output).

[0061] Measure (A) will enable a constant luminance over lifetime at the expense of greater heating and hence shorter
life. Measures (B) and (C) will reduce the luminance over lifetime but without burn-in. For example, by increasing the
frame time, the frames rate will be reduced, which of course will reduce the average light output, and this may also
induce flicker.

[0062] The invention involves manipulating the power supply voltages, and/or the frame times and/or the data voltage
range over the lifetime of the display, to enable the differential ageing compensation to be effective over a prolonged
lifetime of the display.

[0063] In a preferred implementation, the power supply lines are arranged to run vertically, with a separate power
supply for Red, Green and Blue display elements. Each power supply can be adjusted to suit the voltage operation of
each colour and therefore lower the overall power consumption and improve lifetimes.
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[0064] In order implement control of the display operating characteristics, the distribution of pixel usage in the display
needs to be determined. For a display with vertical power lines, this can be achieved by sensing the state of the voltage
on the storage capacitor for the drive transistor gate voltage, C in Figure 7.

[0065] If C, is fully charged at the end of the field period, then there has not been sufficient luminance to turn the pixel
off. In this case, the invention recognises the need to either increase the power supply voltage, increase the frame time
or decrease the data voltage range for this pixel.

[0066] The invention involves sensing the state of all pixels, and then making a judgment on whether any of the three
measures above needs implementing.

[0067] Figure 11 shows a modification to the pixel circuit of Figure 7 to allow the conduction state of the drive transistor
to be sensed, which in turn provides an indication of the voltage on C,. The pixel circuit includes an extra transistor 70,
which is gated by the same control line as the isolating transistor 62 but operates in complementary manner. This circuit
enables the state of the voltage on C, to be sensed from the column and requires one extra TFT but no further columns
or address lines.

[0068] The transistor 70 is in series with the drive transistor, and if the drive transistor is turned on, there is a connection
to the power line through the drive transistor, which can be detected.

[0069] The transistor 70 is only turned on when the particular row of pixels is being addressed. Thus, within any
column, only one pixel has the transistor 70 turned on at any time, and the state of C; can be determined for individual
pixels.

[0070] Figure 12 shows the sensing circuit within the column driver and Figure 13 shows the timing of the pixel address
lines and the column driver switches M1, M2 and M3 of Figure 12, where high is closed.

[0071] Just before a pixel is addressed (i.e. at the end of the previous field period), the column is pre-charged with a
low voltage by closing switch M3.

[0072] M3 is then opened and M2 is closed to measure the state of the column voltage. If C, is not discharged, then
the column will become charged to a high voltage as the drive TFT is on, whereas if C, is discharged then the column
will remain at the low voltage as the drive TFT is off. Thus, a charging of the column voltage is indicative of an on drive
transistor, which in turn is indicative that the optical feedback system has not been able to provide full correction.
[0073] The state of the column is then stored in memory. M2 is then opened and M1 closed so that the column is then
charged to the next data voltage. The normal addressing phase then follows, and the invention is implemented as an
additional step in the addressing cycle, having a duration corresponding to the duration of the control pulse for M2. This
duration must simply be sufficient for the charging of the column capacitance by the power supply line through the on
drive transistor, and may be of the order of a few microseconds.

[0074] At the end of the field time all pixels will have been sensed and a number of schemes can be used to control
the display parameters in response to the collected date.

[0075] In one scheme, if any pixel has a storage capacitor C4 which was not discharged at the end of the field time,
the corrective measures are taken. As outlined above, these corrective measures can be:

(i) Increase the power supply line voltage by AV after each field until no columns are sensed high, and/or
(ii) Increase frame time by AT after each field until no columns are sensed high and/or
(iii) Decrease the data voltage range by AV after each field until no columns are sensed high.

[0076] Inan alternative control scheme, the correction measures can only be employed if greater than a predetermined
number N of pixels have a capacitor C, that is not discharged at the end of the field time.

[0077] The correction scheme based on individual pixels enables no burn-in to be tolerated, but this may not be
desirable, as there may be a pixel fault. The correction scheme which allows a level of burn-in specified by the prede-
termined number N is therefore preferred.

[0078] Figure 14 shows another method for achieving pixel state sensing, and which requires an additional transistor
80 per column. The low potential line for the pixels is arranged to runs parallel to the columns, and the additional transistor
80 selectively couples the low potential line to the low potential voltage source (ground).

[0079] In this arrangement, the low potential line can be pre-charged low. During the sensing operation, the line is
isolated from the low voltage source by the transistor, and the voltage on the line is then monitored. In this arrangement,
the discharge transistor Tg is used to charge the low potential column line high if the storage capacitor C, has been
discharged. If the capacitor C4 has been discharged, this is because the optical feedback system has turned on the
discharge transistor. As a result, there is a conduction path from the power supply line, through the discharge transistor
and the charging transistor 34 (which is on during the field period).

[0080] In this case, the discharge transistor Tg will be at its threshold voltage so the charging time will be quite long.
Therefore this method is best implemented when sufficient time is available, for example each time the display turned off.
[0081] The timing diagram for sensing is shown in Figure 15 for the case when the column charges to a high voltage,
which occurs when C4 has been discharged. Figure 15 shows the case where the pixel is addressed immediately after
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sensing. This arrangement again enables the state of each pixel discharge transistor to be determined during a full
addressing cycle of the display.

[0082] The storage of the column state in the circuits above can be performed in analogue or digital modes.

[0083] Figure 16 shows an analogue implementation. If the column is charged high when M2 is closed (referring to
Figure 12) then current will flow through transistor Ty,. Any other column that goes high will also draw current via a Ty,
for that column so the current on the measure line (if shared between all columns) will be the total of all columns going
high and this will be measured. This represents an analysis for the combination of pixels within a row. A value corre-
sponding to this current can be stored and accumulated with the currents generated for all other rows in the display.
The resultant value can then be used to adjust the power supplies, frame time etc.

[0084] A digital method can use a latch at the output of the column driver shift register to store and clock out the value
sensed upon the column. The values are then accumulated and fed to decision logic that will adjust the appropriate
parameters.

[0085] Inthe examples above, the sensing function is described as occurring just before the line is re-addressed. This
can be extended to any time in the frame period. For example, it may be desirable to limit the duty cycle of the LED
display element so that it does not exceed 50%. By illuminating the display element with higher brightness but with a
shorter duty cycle, the lifetime of the display can be further extended. In this case, the sensing function can take place
half way through the field period, during the part of the field period when there is no light output.

[0086] If each addressing phase includes a period for sensing then any line (for example row conductor) can be used
for sensing while a different line is used for addressing. The line addressed and the line sensed can be controlled by a
row driver with two outputs as shown in Figure 17.

[0087] Figure 17 shows a row driver 8 with two outputs A,B. At any time, one output A is used for addressing a row
of pixels, and the other output B is used for the sensing function. The two outputs are staggered by a fraction 81 of the
field period so that the sensing operation takes place after illumination of the pixels in the row is complete.

[0088] As shown in the timing diagram, the address period 82 for each row comprises two portions. One portion 84
(the first portion) is used for the sensing function and the other portion 86 is used for the addressing function

[0089] During the sensing operation, the column conductor is initially high impedance ("High Z"), but then it is driven
low to ensure the pixel is off. During the pixel addressing operation, the row pulse 86 corresponds as usual to the timing
of the data signal on the column conductor. For each field period, each column is thus used twice, once for sensing and
once for addressing.

[0090] The preferred implementations described above use vertical power lines. However, horizontal power lines may
also be used. In this case, the current flowing on the horizontal power line can be sensed at the appropriate time and
adjustments made in the same way as described above.

[0091] The above description relates to the implementation of the invention to one specific optical feedback pixel
design. There are various possible alternative implementations of the optical feedback system to which the invention
can be applied.

[0092] Figure 18 shows a modification to the pixel circuit of Figure 7, in which an additional transistor 90 is provided
between the gate of the discharge transistor 36 and the ground line and acts to increase the rate of discharge when the
optical feedback system operates to switch off the display element.

[0093] The circuit shown in Figure 18 can also be used for sensing as the TFT 90 will enable the column to be driven
low if the circuit has switched off.

[0094] The examples of the invention above use polysilicon drive TFTs, although an example of amorphous silicon
optical feedback circuit is shown in Figure 3. One variation to Figure 3 is to couple the photodiode to the charging line
32, so that the power line 26 is connected only to the drive transistor 22. This enables the power supply line 26 to be
switched, so that the display element can be turned off during the addressing phase. This improves the darkness of a
pixel drive to black. Furthermore, this enables the bypass transistor to be omitted. An implementation of the invention
to this type of circuit is shown in Figure 19.

[0095] Figure 19 corresponds essentially to Figure 3, with the modifications outlined above, and in which an additional
transistor switch 100 is connected between the anode of the display element and the column line, to enable the sensing
operation to be carried out.

[0096] In the examples above, the control parameters include the power supply voltage. This may be the voltage
provided to the power supply line 26, but the control of the display can also be achieved by modifying the voltage on the
charge line 32. This charge line voltage is one of the pixel power supply voltages. Thus, the pixel power supply voltages
include the charging line 32 voltage (where this is separate to the main power supply line) and the power supply line 26
voltage.

[0097] The examples above are common-cathode implementations, in which the anode side of the LED display element
is patterned and the cathode side of all LED elements share a common unpatterned electrode. This is the current
preferred implementation as a result of the materials and processes used in the manufacture of the LED display element
arrays. However, patterned cathode designs are being implemented, and this can simplify the pixel circuit.
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[0098] In the example above, optical feedback is used for compensation of the ageing of the LED material and the
drive transistor. If the variations in the threshold voltage are very large, which may be the case for amorphous silicon
drive transistors, some electrical threshold voltage compensation may be required. This can be achieved by holding the
gate-source voltage for the drive transistor on two capacitors in series, a storage capacitor and a threshold capacitor.
The discharge capacitor for turning off the discharge transistor is arranged to short out the storage capacitor. The circuit
can then provide the (fixed) drive voltage level on the storage capacitor 30 and store the drive transistor threshold voltage
on the threshold capacitor

[0099] There are numerous other variations and refinements to the optical feedback system described above.
[0100] In the examples above, the light dependent element is a photodiode, but pixel circuits may be devised using
phototransistors or photoresistors. Circuits have been shown using a variety of transistor semiconductor technologies.
A number of variations are possible, for example crystalline silicon, hydrogenated amorphous silicon, polysilicon and
even semiconducting polymers. These are all intended to be within the scope of the invention as claimed. The display
devices may be polymer LED devices, organic LED devices, phosphor containing materials and other light emitting
structures.

[0101] The adjustment to the display configuration can be to change the configuration for all pixels. This will be
appropriate when the frame time is being varied, for example. However, the adjustment to the display configuration can
be for individual groups of pixels, particularly columns of pixels. Thus, different power supply voltages may be applied
to different columns. This variation in voltages may require the image data to be processed. In particular, the ageing of
the LED display elements may not have a linear effect across all output levels, and a function may need to be applied
to the pixel data for the adjusted columns. The voltage changes may instead be made for the full display, in which case
pixel data processing may not be required.

[0102] One or more of the measures described above for changing the output configuration may be applied, and in
any combination.

[0103] The control means for varying the display operating characteristics will be of conventional design and will control
the voltages and/or timing operations of the row and column address circuits, and such a control means is shown
schematically in Figure 1 as reference 10. For the implementations in which voltage levels are changed, conventional
circuitry can be used for adjusting power supply levels, for example the column driver power supply, the display power
supply or the pixel charge line power supply level.

[0104] The implementation of the sensing operation and the control of the display configuration will be routine to those
skilled in the art.

[0105] Various other modifications will be apparent to those skilled in the art.

Claims
1. An active matrix display device comprising an array of display pixels, each pixel comprising:

a current-driven light emitting display element (2);

a drive transistor (22) for driving a current through the display element;

pixel circuitry including an optical feedback element (38), for controlling the drive transistor to drive a substantially
constant current through the display element for a duration which depends on the desired display pixel output
level and an optical feedback signal of the optical feedback element; characterized in that said display device
further comprises

control means (10) adapted to apply an output configuration of the display, the output configuration including
values for at least a pixel power supply voltages, a frame period and an allowed range of pixel drive levels,
wherein the control means is adapted to vary the output configuration by varying one or more of said values in
response to ageing of the display element.

2. Adevice as claimed in claim 1, wherein the pixel circuitry comprises a storage capacitor (30;C1) for storing a voltage
to be used for addressing for the drive transistor (22).

3. A device as claimed in claim 2, wherein the pixel circuitry comprises a discharge transistor (36; T2) for discharging
the storage capacitor thereby to switch off the drive transistor (22), and wherein the optical feedback element (38)
is for controlling the timing of the operation of the discharge transistor (36; T2) by varying the gate voltage applied
to the discharge transistor in dependence on the light output of the display element (2).

4. A device as claimed in claim 3, wherein the optical feedback element (38) controls the timing of the switching of the
discharge transistor (36;T2) from an off to an on state.
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5. A device as claimed in claim 3 or 4, wherein the optical feedback element (38) comprises a discharge photodiode.

6. A device as claimed in claim 3, 4 or 5, wherein a discharge capacitor (40;C2) is provided between the gate of the
discharge transistor (36;T2) and a constant voltage line, and the optical feedback element is for charging or dis-
charging the discharge capacitor.

7. Adevice as claimed in any preceding claim, wherein the drive transistor (22) is connected between a power supply
line (26) and the display element (2).

8. A device as claimed in claim 7, wherein the storage capacitor (30; C1) is connected between the gate and source
of the drive transistor (22).

9. Adevice as claimedin any preceding claim, wherein each pixel further comprises a charging transistor (34) connected
between a charging line and the gate of the drive transistor.

10. A device as claimed in any preceding claim, wherein each pixel further comprises an isolating transistor (62) con-
nected in series with the drive transistor (22).

11. A device as claimed in any preceding claim, wherein power supply lines are provided for each column of pixels.

12. A device as claimed in claim 11, wherein different power lines are provided for columns of different colour pixels.

13. A device as claimed in any preceding claim, wherein each pixel further comprises a readout transistor (70; 100) to
enable detection of the state of the drive transistor (22) from a column conductor.

14. Adevice as claimed in any one of claims 1 to 12, wherein each column of pixels further comprises a readout transistor
(80) to enable detection of the state of the drive transistors in the column.

15. A device as claimed in any preceding claim, wherein the current-driven light emitting display element (2) comprises
an electroluminescent display element.

16. A method of driving an active matrix display device comprising an array of display pixels each comprising a drive
transistor (22), a current-driven light emitting display element (2) and pixel circuitry including an optical feedback
element (38), the method comprising:

(i) applying an output configuration for the display, the output configuration including values for at least a pixel
power supply voltages, a frame period and an allowed range of pixel drive levels;

(i) addressing each pixel by controlling the drive transistor (22) to drive a substantially constant current through
the display element (2) for a duration which depends on the desired display pixel output level and an optical
feedback signal of the optical feedback element (38); and

(iii) monitoring ageing of display elements of the array, varying the output configuration by varying one or more
of said values in response to ageing of the display elements, and repeating steps (i) and (ii) for the varied output
configuration.

17. A method as claimed in claim 16, wherein monitoring ageing of display elements of the array comprises monitoring
the on or off state of the drive transistors (22) at the beginning or end of a frame period.

18. A method as claimed in claim 17, wherein if more than a predetermined number of drive transistors (22) are turned
on at the end of a frame period, then the output configuration is varied.

Patentanspriiche

1. Anzeigeeinrichtung mit aktiver Matrix, umfassend ein Array aus Anzeigepixeln, wobei jedes Pixel Folgendes umfasst:

ein stromgetriebenes, Licht emittierende Anzeigeelement (2);
einen Treibertransistor (22) zum Treiben eines Stroms durch das Anzeigeelement;
Pixelschaltungen, die ein optisches Riickkopplungselement (38) enthalten, zum Steuern des Treibertransistors,
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so dass er fUr eine Dauer, die von dem gewiinschten Anzeigepixelausgangspegel und einem optischen Rick-
kopplungssignal des optischen Rickkopplungselementes abhangt, einen im Wesentlichen konstanten Strom
durch das Anzeigeelement treibt; dadurch gekennzeichnet, dass die genannte Anzeigeeinrichtung weiterhin
umfasst:

Steuerungsmittel (10), das zum Anwenden einer Ausgangskonfiguration der Anzeige angepasst ist, welche
Ausgangskonfiguration Werte fiir zumindest eine Pixel-Speisespannung, eine Bilddauer und einen erlaubten
Bereich von Pixeltreiberpegeln enthalt, wobei das Steuerungsmittel angepasst ist, die Ausgangskonfiguration
durch Verandern eines oder mehrerer der genannten Werte in Reaktion auf eine Alterung des Anzeigeelementes
zu verandern.

Einrichtung nach Anspruch 1, wobei die Pixelschaltungen einen Speicherkondensator (30;C1) zum Speichern einer
zum Adressieren zu verwendenden Spannung fir den Treibertransistor (22) umfassen.

Einrichtung nach Anspruch 2, wobei die Pixelschaltungen einen Entladetransistor (36; T2) zum Entladen des Spei-
cherkondensator umfassen, um dadurch den Treibertransistor (22) auszuschalten, und wobei das optische Rick-
kopplungselement (38) zum Steuern des Zeitablaufs des Betriebs des Entladetransistors (36; T2) durch Veranderung
der an den Entladetransistor angelegten Gatespannung in Abhangigkeit von der Lichtabgabe des Anzeigeelementes
(2) dient.

Einrichtung nach Anspruch 3, wobei das optische Riickkopplungselement (38) den Zeitablauf des Schaltens des
Entladetransistors (36;T2) von einem Aus- in einen Ein-Zustand steuert.

Einrichtung nach Anspruch 3 oder 4, wobei das optische Rickkopplungselement (38) eine Entladephotodiode um-
fasst.

Einrichtung nach Anspruch 3, 4 oder 5, wobei zwischen dem Gate des Entladetransistors (36;T2) und einer Kon-
stantspannungsleitung ein Entladekondensator (40;C2) vorgesehen ist und das optische Riickkopplungselement

zum Laden oder Entladen des Entladekondensators dient.

Einrichtung nach einem vorhergehenden Anspruch, wobei der Treibertransistor (22) zwischen eine Speiseleitung
(26) und das Anzeigeelement (2) geschaltet ist.

Einrichtung nach Anspruch 7, wobei der Speicherkondensator (30; C1) zwischen das Gate und die Source des
Treibertransistors (22) geschaltet ist.

Einrichtung nach einem vorhergehenden Anspruch, wobei jedes Pixel weiterhin einen zwischen eine Ladeleitung
und das Gate des Treibertransistors geschalteten Ladetransistor (34) umfasst.

Einrichtung nach einem vorhergehenden Anspruch, wobei jedes Pixel weiterhin einen mit dem Treibertransistor
(22) in Reihe geschalteten Isoliertransistor (62) umfasst.

Einrichtung nach einem vorhergehenden Anspruch, wobei Speiseleitungen fir jede Spalte aus Pixeln vorgesehen
sind.

Einrichtung nach Anspruch 11, wobei unterschiedliche Speiseleitungen fiir Spalten von Pixeln unterschiedlicher
Farbe vorgesehen sind.

Einrichtung nach einem vorhergehenden Anspruch, wobei jedes Pixel weiterhin einen Auslesetransistor (70; 100)
umfasst, um Detektion des Zustandes des Treibertransistors (22) von einem Spaltenleiter aus zu ermdglichen.

Einrichtung nach einem der Anspriiche 1 bis 12, wobei jede Spalte aus Pixeln weiterhin einen Auslesetransistor
(80) umfasst, um Detektion des Zustandes der Treibertransistoren in der Spalte zu ermdglichen.

Einrichtung nach einem vorhergehenden Anspruch, wobei das stromgetriebene, Licht emittierende Anzeigeelement
(2) ein elektrolumineszierendes Anzeigeelement umfasst.

Verfahren zum Ansteuern einer Anzeigeeinrichtung mit aktiver Matrix, umfassend ein Array aus Anzeigepixeln,
wobei jedes Pixel einen Treibertransistor (22), ein stromgetriebenes, Licht emittierendes Anzeigeelement (2) und
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Pixelschaltungen, die ein optisches Riickkopplungselement (38) enthalten, umfasst, wobei das Verfahren Folgendes
umfasst:

(i) Anwenden einer Ausgangskonfiguration fur die Anzeige, welche Ausgangskonfiguration Werte fir zumindest
eine Pixel-Speisespannung, eine Bilddauer und einen erlaubten Bereich von Pixeltreiberpegeln enthalt,

(i) Adressieren jedes Pixels durch Steuern des Treibertransistors (22), um fur eine Dauer, die von dem ge-
wilinschten Anzeigepixelausgangspegel und einem optischen Ruckkopplungssignal des optischen Ruickkopp-
lungselementes (38) abhangt, einen im Wesentlichen konstanten Strom durch das Anzeigeelement (2) zu
treiben, und

(iii) Uberwachen der Alterung von Anzeigeelementen des Arrays, Veréndern der Ausgangskonfiguration durch
Verandern eines oder mehrerer der genannten Werte in Reaktion auf eine Alterung des Anzeigeelementes
sowie Wiederholen der Schritte (i) und (ii) fur die veranderte Ausgangskonfiguration.

17. Verfahren nach Anspruch 16, in dem Uberwachen der Alterung von Anzeigeelementen des Arrays Uberwachen
des Ein- oder Aus-Zustandes der Treibertransistoren (22) am Anfang oder Ende einer Bilddauer umfasst.

18. Verfahren nach Anspruch 17, in dem, wenn mehr als eine zuvor bestimmte Anzahl von Treibertransistoren (22) am
Ende einer Bilddauer eingeschaltet werden, die Ausgangskonfiguration verandert wird.

Revendications
1. Dispositif d’affichage a matrice active comprenant un réseau de pixels d’affichage, chaque pixel comprenant :

un élément d’affichage émettant de la lumiere et excité par courant (2) ;

un transistor d’attaque (22) pour exciter un courant par le biais de I'élément d’ affichage ;

des circuits de pixel comprenant un élément optique de rétroaction (38) pour commander le transistor d’attaque
afin d’exciter un courant sensiblement constant par le biais de I'élément d’affichage pendant une durée qui
dépend du niveau de sortie souhaité du pixel d’affichage et d’'un signal optique de rétroaction de I'élément
optique de rétroaction ; caractérisé en ce que ledit dispositif d’affichage comprend encore :

des moyens de commande (10) qui sont adaptés de maniére a appliquer une configuration de sortie de I'affi-
chage, la configuration de sortie comprenant des valeurs pour au moins une tension d’alimentation en énergie
du pixel, une période de trame et une gamme permise de niveaux d’attaque du pixel dans laquelle les moyens
de commande sont adaptées de maniére a faire varier une ou plusieurs desdites valeurs en réaction au vieillis-
sement de I'élément d’affichage.

2. Dispositif selon la revendication 1, dans lequel les circuits de pixel comprennent un condensateur de stockage (30 ;
C1) pour stocker une tension a utiliser pour I'adressage du transistor d’attaque (22).

3. Dispositif selon la revendication 2, dans lequel les circuits de pixel comprennent un transistor de décharge (36 ; T2)
pour décharger le condensateur de stockage en mettant de ce fait le transistor d’attaque (22) hors d’état de conduction
et dans lequel I'élément optique de rétroaction (38) est destiné a commander le minutage du fonctionnement du
transistor de décharge (36 ; T2) en faisant varier la tension de grille qui est appliquée au transistor de décharge en
fonction du rendement lumineux de I'élément d’affichage (2).

4. Dispositif selon la revendication 3, dans lequel I'élément optique de rétroaction (38) commande le minutage de la
commutation du transistor de décharge (36 ; T2) a partir d’'un état hors de conduction jusqu’a un état de conduction.

5. Dispositif selon la revendication 3 ou selon la revendication 4, dans lequel I'élément optique de rétroaction (38)
comprend une photodiode a décharge.

6. Dispositif selon les revendications 3, 4 ou 5, dans lequel un condensateur a décharge (40 ; C2) est prévu entre la
grille du transistor & décharge (36 ; T2) et une ligne de tension constante et dans lequel I'élément optique de
rétroaction est destiné a charger ou a décharger le condensateur a décharge.

7. Dispositif selon 'une quelconque des revendications précédentes 1 a 6, dans lequel le transistor d’attaque (22) est
connecté entre une ligne d’alimentation en énergie (26) et I'élément d’affichage (2).
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Dispositif selon la revendication 7, dans lequel le condensateur de stockage (30 ; C1) est connecté entre la grille
et la source du transistor d’attaque (22).

Dispositif selon I'une quelconque des revendications précédentes 1 a 8, dans lequel chaque pixel comprend encore
un transistor de charge (34) qui est connecté entre une ligne de charge et la grille du transistor d’attaque.

Dispositif selon 'une quelconque des revendications précédentes 1 a 9, dans lequel chaque pixel comprend encore
un transistor isolant (62) qui est connecté en série au transistor d’attaque (22).

Dispositif selon I'une quelconque des revendications précédentes 1 a 10, dans lequel les lignes d’alimentation en
énergie sont prévues pour chaque colonne de pixels.

Dispositif selon la revendication 11, dans lequel les lignes différentes d’alimentation en énergie sont prévues pour
les colonnes de pixels chromatiques différents.

Dispositif selon I'une quelconque des revendications précédentes 1 a 12, dans lequel chaque pixel comprend encore
un transistor de lecture (70 ; 100) pour permettre la détection de I'état du transistor d’attaque (22) a partir d'un
conducteur de colonne.

Dispositif selon I'une quelconque des revendications précédentes 1 a 12, dans lequel chaque colonne de pixels
comprend encore un transistor de lecture (80) pour permettre la détection de I'état des transistors d’attaque dans
la colonne.

Dispositif selon 'une quelconque des revendications précédentes 1 a 14, dans lequel I'élément d’affichage émettant
de la lumiére et excité par courant (2) comprend un élément d’affichage électroluminescent.

Procédé d’excitation d’un dispositif d’affichage a matrice active comprenant un réseau de pixels d’affichage com-
prenant chacun un transistor d’attaque (22), un élément d’affichage émettant de la lumiére et excité par courant (2)
et des circuits de pixel comprenant un élément optique de rétroaction (38), le procédé comprenant les étapes
suivantes consistant a :

(i) appliquer une configuration de sortie pour I'affichage, la configuration de sortie comprenant des valeurs pour
au moins une tension d’alimentation en énergie du pixel, une période de trame et une gamme permise de
niveaux d’attaque du pixel ;

(i) adresser chaque pixel en commandant le transistor d’attaque (22) pour exciter un courant sensiblement
constant par le biais de I'élément d’affichage (2) pendant une durée qui dépend du niveau de sortie souhaité
du pixel d’affichage et d’un signal optique de rétroaction de I'élément optique de rétroaction (38) ; et

(iii) contréler le vieilissement des éléments d’affichage du réseau, a faire varier la configuration de sortie en
faisant varier une ou plusieurs desdites valeurs en réaction au vieillissement des éléments d’'affichage et a
répéter les étapes (i) et (ii) pour la configuration de sortie variée.

Procédé selon la revendication 16, dans lequel le contréle du vieillissement des éléments d’affichage du réseau
comprend le contréle de I'état de conduction ou de I'état hors de conduction des transistors d’attaque (22) au début

ou a la fin d’'une période de trame.

Procédé selon la revendication 17, dans lequel, si plus d’'un nombre prédéterminé de transistors d’attaque (22) sont
mis en état de conduction a la fin d’une période de trame, on fait alors varier la configuration de sortie.
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