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Description

[0001] Thisinvention generally relates to display driver
circuits for electro-optic displays, and more particularly
relates to circuits and methods for reducing the re-emis-
sion of absorbed light, for example to increase the colour
gamut of organic light emitting diode 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 electroluminescent layer
108 may comprise, for example, a PPV (poly (p- phe-
nylenevinylene) ) 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 and 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] Other examples of materials which may be em-
ployed for layer 108 include poly (2- methoxy- 5- (2-
ethyl) hexyloxyphenylene- vinylene) ("MEH- PPV"), a
PPV derivative (e.g. a di- alkoxy or di- alkyl derivative),
a polyfluorene and/or a co- polymer incorporating poly-
fluorene segments, PPVs and/or related co- polymers,
poly (2, 7- (9, 9- di- n- octyfluorene)- (1, 4- phenylene-
((4- secbutylphenyl) imino)- 1, 4- phenylene) ) ("TFB"),
("PFB") poly (2, 7- (9, 9- di- n- octylfluorene)- (1, 4- phe-
nylene- ((4- methylphenyl) imino)- 1, 4- phenylene- ((4-
methylphenyl) imino)- 1, 4- phenylene) ) ("PFM"), poly
(2, 7- (9, 9- di- n- octyfluorene)- (1, 4- phenylene- ((4-
methoxyphenyl) imino)- 1, 4- phenylene- ((4- methoxy-
phenyl) imino- 14- phenylene) ) ("PFMQO"), poly (2, 7- (9,
9- di- n- octyfluorene) ("F8") or poly (2, 7- (9, 9- di- n-
octylfluorene)- 3, 6- Benzothiadiazole) ("F8BT") . Alter-
natively a so- called small molecule such as tris- (8- hy-
droxyquinolino aluminium) ("Alq3") as described in US
4,539, 507, may be employed.

[0005] In the example shown in Figure 1a light 120 is
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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.

[0006] 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. So-called active matrix displays have
a memory element, typically a storage capacitor and a
transistor, associated with each pixel whilst passive ma-
trix displays have no such memory element and instead
are repetitively scanned, somewhat similarly to a TV pic-
ture, to give the impression of a steady image.

[0007] Figure 1b shows a cross section through a pas-
sive matrix OLED display 150 in which like elements to
those of Figure 1a are indicated by like reference numer-
als. In the passive matrix display 150 the electrolumines-
centlayer 108 comprises a plurality of pixels 152 and the
cathode layer 110 comprises a plurality of mutually elec-
trically insulated conductive lines 154, running into the
page in Figure 1b, each with an associated contact 156.
Likewise the ITO anode layer 104 also comprises a plu-
rality of anode lines 158, of which only one is shown in
Figure 1b, running at right angles to the cathode lines.
Contacts (not shown in Figure 1b) are also provided for
each anode line. An electroluminescent pixel 152 at the
intersection of a cathode line and anode line may be ad-
dressed by applying a voltage between the relevant an-
ode and cathode lines.

[0008] Referring now to Figure 2a, this shows, concep-
tually, a driving arrangement for a passive matrix OLED
display 150 of the type shown in Figure 1b. A plurality of
constant current generators 200 are provided, each con-
nected to a supply line 202 and to one of a plurality of
column lines 204, of which for clarity only one is shown.
A plurality of row lines 206 (of which only one is shown)
is also provided and each of these may be selectively
connected to a ground line 208 by a switched connection
210. As shown, with a positive supply voltage on line 202,
column lines 204 comprise anode connections 158 and
row lines 206 comprise cathode connections 154, al-
though the connections would be reversed if the power
supply line 202 was negative and with respect to ground
line 208.

[0009] Asillustrated pixel 212 of the display has power
applied to it and is therefore illuminated. To create an
image connection 210 for a row is maintained as each
of the column lines is activated in turn until the complete
row has been addressed, and then the next row is se-
lected and the process repeated. Alternatively a row may
be selected and all the columns written in parallel, that
is a row selected and a current driven onto each of the
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column lines simultaneously, to simultaneously illumi-
nate each pixel in a row at its desired brightness. Al-
though this latter arrangement requires more column
drive circuitry it is preferred because it allows a more
rapid refresh of each pixel. In a further alternative ar-
rangement each pixel in a column may be addressed in
turn before the next column is addressed, although this
is not preferred because of the effect, inter alia, of column
capacitance as discussed below. It will be appreciated
that in the arrangement of Figure 2a the functions of the
column driver circuitry and row driver circuitry may be
exchanged.

[0010] It is usual to provide a current-controlled rather
than a voltage-controlled drive to an OLED because the
brightness of an OLED is determined by the current flow-
ing through it, this determining the number of photons it
outputs. In a voltage-controlled configuration the bright-
ness can vary across the area of a display and with time,
temperature, and age, making it difficult to predict how
bright a pixel will appear when driven by a given voltage.
In a colour display the accuracy of colour representations
may also be affected.

[0011] Figures 2b to 2d illustrate, respectively, the cur-
rent drive 220 applied to a pixel, the voltage 222 across
the pixel, and the light output 224 from the pixel over time
226 as the pixel is addressed. The row containing the
pixel is addressed and at the time indicated by dashed
line 228 the current is driven onto the column line for the
pixel. The column line (and pixel) has an associated ca-
pacitance and thus the voltage gradually rises to a max-
imum 230. The pixel does not begin to emit light until a
point 232 is reached where the voltage across the pixel
is greater than the OLED diode voltage drop. Similarly
whenthedrive current is turned off at time 234 the voltage
and light output gradually decay as the column capaci-
tance discharges. Where the pixels in arow are all written
simultaneously, that is where the columns are driven in
parallel, the time interval between times 228 and 234
corresponds to a line scan period.

[0012] Itis desirable to be able to provide a greyscale-
type display, that is one in which the apparent brightness
of individual pixels may be varied rather than simply set
either on or off. In the context of this invention "greyscale"
refers to such a variable brightness display, whether a
pixel is white or coloured.

[0013] The conventional method of varying pixel
brightness is to vary pixel on-time using Pulse Width Mod-
ulation (PWM). In the context of Figure 2b above the ap-
parent pixel brightness may be varied by varying the per-
centage of the interval between times 228 and 234 for
which drive current is applied. In a PWM scheme a pixel
is either full on or completely off but the apparent bright-
ness of a pixel varies because of integration within the
observer’s eye.

[0014] Pulse Width Modulation schemes provide a
good linear brightness response but to overcome effects
related to the delayed pixel turn-on they generally employ
a precharge current pulse (not shown in Figure 2b) on
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the leading edge 236 of the driving current waveform,
and sometimes a discharge pulse on the trailing edge
238 of the waveform. As aresult, charging (and discharg-
ing) the column capacitance can account for half the total
power consumption in displays incorporating this type of
brightness control. Other significant factors which the ap-
plicant has identified as contributing to the power con-
sumption of a display plus driver combination include dis-
sipation within the OLED itself (a function of OLED effi-
ciency), resistive losses in the row and column lines and,
importantly in a practical circuit, the effects of a limited
current driver compliance, as explained in more detail
later.

[0015] Figure 3 shows a schematic diagram 300 of a
generic driver circuit for a passive matrix OLED display.
The OLED display is indicated by dashed line 302 and
comprises a plurality n of row lines 304 each with a cor-
responding row electrode contact 306 and a plurality m
of column lines 308 with a corresponding plurality of col-
umn electrode contacts 310. An OLED is connected be-
tween each pair of row and column lines with, in the il-
lustrated arrangement, its anode connected to the col-
umn line. A y-driver 314 drives the column lines 308 with
a constant current and an x-driver 316 drives the row
lines 304, selectively connecting the row lines to ground.
The y-driver 314 and x-driver 316 are typically both under
the control of a processor 318. A power supply 320 pro-
vides power to the circuitry and, in particular, to y-driver
314.

[0016] Figure 4 shows a typical active matrix OLED
driver circuit 400. A circuit 400 is provided for each pixel
of the display and ground 402, V¢, 404, row select 414
and column data 416 busbars are provided interconnect-
ing the pixels. Thus each pixel has a power and ground
connection and each row of pixels has a common row
select line 414 and each column of pixels has a common
data line 416.

[0017] Each pixel has an organic LED 406 connected
in series with a driver transistor 408 between ground and
power lines 402 and 404. A gate connection 409 of driver
transistor 408 is coupled to a storage capacitor 410 and
a control transistor 412 couples gate 409 to column data
line 416 under control of row select line 414. Transistor
412 is a field effect transistor (FET) switch which con-
nects column data line 416 to gate 409 and capacitor 410
when row select line 414 is activated. Thus when switch
412 is on avoltage on column data line 416 can be stored
on a capacitor 410. 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 408 and of switch transistor 412 in its
"off" state.

[0018] Driver transistor 408 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 409 controls the
current through OLED 406 and hence the brightness of
the OLED.
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[0019] A voltage-driven active matrix display is de-
scribed in US 5,684,365 and a current-driven active ma-
trix display is described in WO 99/65012. Other specific
examples of OLED display drivers are described in US
6,014,119,US 6,201,520,US 6,332,661,EP 1,079,361A
and EP 1,091,339A; OLED display driver integrated cir-
cuits are also sold by Clare Micronix of Clare, Inc., Bev-
erly, MA, USA. The Clare Micronix drivers provide a cur-
rent controlled drive and achieve greyscaling using a con-
ventional PWM approach; US 6,014,119 describes a
driver circuit in which pulse width modulation is used to
control brightness; US 6,201,520 describes driver circuit-
ry in which each column driver has a constant current
generator to provide digital (on/off) pixel control; US
6,332, 661 describes pixel driver circuitry in which a ref-
erence current generator sets the current output ofa con-
stant current driver for a plurality of columns, but this
arrangement is not suitable for variable brightness dis-
plays; and EP 1,079,361A and EP 1,091,339A both de-
scribe similar drivers for organic electroluminescent dis-
play elements in which a voltage drive rather than a cur-
rent drive is employed.

[0020] Display technologies based upon inherently
emissive devices, unlike, for example, LCDs, tend to
have a bright and visually pleasing appearance. There
is a continuing need to improve the visual contrast of
emissive displays and OLED-based displays in particu-
lar, but it is not always clear what effects contribute to
contrast reduction. The applicant has recognised that the
electroluminescent materials normally used in both or-
ganic and inorganic light emitting diodes are generally
also photoluminescent, and that this photoluminescence
can contribute to contrast reduction.

[0021] Photoluminescence is a phenomenon in which,
broadly speaking, a material absorbs light at one wave-
length and re-emits light at a longer wavelength. This
photoluminescence can be difficult to observe, even un-
der laboratory conditions, but has the effect of giving a
display a less lively appearance, particularly under bright
ambient light conditions, and especially outdoors in sun-
light. The applicanthas found that such contrast-reducing
photoluminescence can be stimulated either by ab-
sorbed ambient light or by self-absorption particularly,
for example, in a display comprising a plurality of pixels,
where lightfrom one pixel can cause a neighbouring nom-
inally off pixel to photoluminesce. In a colour display this
effect can also cause a colour shift, as described further
later.

[0022] In more detail, referring to Figures 1a and 1b,
incident ambient light passes through the substrate 102,
transparent anode 104, and hole transport layer 106 to
the layer of electroluminescent material 108 where it is
absorbed generating excitons, that is bound electron-
hole pairs. Alternatively excitons may be generated by
light from nearby illuminated pixels propagating through
the electroluminescent layer 108, and/or transparent an-
ode layer 104, and/or hole transport layer 106, and/or
substrate 102.

10

15

20

25

30

35

40

45

50

55

[0023] With no applied field a significant fraction of
these optically excited excitons rapidly radiatively decay
emitting light substantially isotropically according to the
photoluminescence spectra of the material or materials
forming layer 108. The fraction of the excitons decaying
radiatively depends upon the photoluminescence effi-
ciency of the material and upon the applied field. When
the diode formed by the device is in an off state - typically,
but not necessarily, when the anode and the cathode are
atthe same electrical potential - layer 108 is in a quiescent
photo-emitting state. Thus when the display is viewed an
observer sees a combination of the emitted photolumi-
nescence and reflected and/or scattered light from the
display, both of which tend to reduce the display contrast.
[0024] Prior art contrast improving techniques have
concentrated upon the use of anti-reflection devices,
such as filters, the circular polariser described in US
6,211,613 (WO97/38452) assigned to the present appli-
cant, and the black anti-reflection cathode described in
US 5,049,780. However these techniques can be insuf-
ficient, for example reducing the desired light emission.
Moreover these techniques are unable to reduce the level
of self-stimulated photoluminescence.

[0025] Background prior art relating the improvement
of colour purity in electroluminescent displays is de-
scribed in EP 1 087 444, which relates to separate red,
green and blue gamma correction, and in EP 1 093 322,
which relates to OLED device instruction.

[0026] The applicant has recognised that contrastin a
light emitting diode-based display, such as a passive or
active matrix OLED-based display, may be increased by
reducing the contrast-reducing photoluminescence.
Where the display comprises light emitting diodes, es-
pecially organic LEDs, this photoluminescence may be
reduced or quenched by reverse biasing selected ones
ofthe lightemitting diodes, thatis those LEDs not emitting
at any particular moment in time.

[0027] The possibility of improving OLED display con-
trast by reducing or quenching photoluminescence has
never previously been recognised. Schemes for applying
reverse bias to OLED displays are known in the prior art,
but these are not intended or suitable for improving con-
trast by the reduction of photoluminescence. Conse-
quently these prior art reverse biasing schemes exhibit
some differences from those described below for con-
trast-improving photoluminescence reduction.

[0028] U. Lemmer et. al., Synthetic Metals, 67 (1994)
169-172 describes the experimental observation of the
basic phenomenon of photoluminescence quenching in
an ITO/PPV/A1 structure.

[0029] WO98/41065 discloses the application of either
polarity of driving voltage to an electroluminescent poly-
mer-based display to drive either red light emission from
an interface of the polymer or green light emission from
the bulk of the polymer.

[0030] However, in both cases, the light- emitting sem-
iconductor is forward biased (the device effectively com-
prises two back- to- back diodes) .
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[0031] US 6,201,520 describes the use of reverse bi-
asing for non-selected pixels in a pixellated OLED display
to prevent crosstalk which could otherwise be caused by
the (electrically) semi-excited state of the non-selected
pixels. However US’520 does not specify any particular
value of reverse bias drive and does not provide any
teaching on the application of a reverse bias drive suffi-
cient to provide an improved contrast display by photo-
luminescence quenching. Furthermore the mechanism
for applying a reverse bias in US’520 limits the reverse
bias voltage to the forward bias voltage whereas, gener-
ally speaking, it is preferable to apply a larger reverse
bias voltage than the forward voltage to achieve ade-
quate photoluminescence reduction for improved con-
trast.

[0032] US 5,965,901, assigned to the present appli-
cant, describes the use of a pulse driving scheme for an
organic light-emitting polymer device to improve device
lifetime in which positive pulses are separated by nega-
tive (reverse bias) pulses. However this document does
not contemplate applying reverse bias to some pixels at
the same time as applying forward bias to others and is
thus unsuitable for reducing photoluminescence stimu-
lated by emission from pixels within the display. Further-
more again the document does not provide any teaching
on the application of a reverse bias drive sufficient to
provide an improved contrast display by photolumines-
cence quenching.

[0033] EP 1094438A describes the periodic applica-
tion (for example, every frame) of reverse bias to reduce
leakage current due to through-film shorts.

[0034] DE 10042974 describes a method for electri-
cally addressing fluorescent display element based on
polymers and/or low molecular-weight organic materials
by a fluorescent quenching effect due to an electric field.
The method includes the steps of changing positive volt-
ages applied to bright pixels to be inversely related to the
intensity of ambientlight and changing negative voltages
applied to dark pixels to be related to the intensity of
ambient light. The document describes Organic Light-
Emitting Diode display (OLED) and Field Quenching
Photoluminescence Emission Device (FQPED) modes
but does not describe in detail apparatus for carrying out
the methods, nor the phenomenon of photolumines-
cence due to self-absorption in a display comprising a
plurality of pixels, where light from one pixel can cause
a neighbouring nominally off pixel to photoluminesce, nor
particular problems associated with photolununescence
in colour displays.

[0035] WOO01/63586 describes an OLED drive circuit
which addresses the problem of the capacitance of the
drive leads and thus the relatively long settling time during
a writing period. This problem is addressed by providing
extra current via column electrode capacitances and a
circuit which supplies a voltage jump in the forward di-
rection of OLED conductance during a selection period.
[0036] The invention is set forth in the independent
claims.
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[0037] Reverse biasing some of the display elements
while forward biasing others helps to improve contrast
by reducing photoluminescence due to ambient light ab-
sorption and self-stimulation. Providing two drivers, one
to provide a forward drive and the other for the reverse
bias drive, simplifies the driving circuitry and facilitates
reverse biasing some display elements whilst forward
biasing others. For example providing two drivers for a
passive matrix display allows even some pixels in a col-
umn selected for forward biasing to be reverse biased.
[0038] Preferably the firstdriveris a current driver such
as a controllable or adjustable or modulatable substan-
tially constant current driver, and the second driver is a
voltage driver. A precision reverse bias voltage drive is
not necessary, however, and thus the voltage driver need
not be a constant voltage driver. Thus the first driver is
preferably configured to provide a positive output with
respecttoagroundlevel, and the second driver to provide
a negative output, positive in this context denoting a for-
ward bias direction. Providing a forward current drive and
a reverse voltage drive is appropriate to the functions of
these two drives since a forward current drive assists in
providing a consistent and/or controlled output whilst
photoluminescence quenching, although needing a
small, light-dependent current is, broadly speaking, a
voltage driven effect. In order to be operable from a sin-
gle-ended supply the driver preferably incorporates
means, such as an inverter or charge pump, to generate
anegative supply voltage for the second driver to provide
the reverse bias drive.

[0039] The driver is configured to provide pulse width
modulation control of the brightness of a display element,
for example by modulating a substantially constant cur-
rent drive. In such an arrangement some benefits of the
invention may be obtained without reverse biasing some
of the display elements at the same time as forward bi-
asing others, since where the pixels are not all at their
maximum brightness there will be periods when none of
the pixels will be forward driven. A reverse bias may be
applied during this period (or during these periods) to
reduce the photoluminescence from ambientillumination
rather than self-stimulation, to provide some improve-
ment in contrast.

[0040] In one embodiment the driver is configured for
driving a passive matrix display and has row and column
drivers for addressing the pixels, either individually or a
row (or column) at a time.

[0041] The visually observed degree of contrast im-
provement depends upon the brightness of the illumina-
tion, and also on its wavelength or spectral characteris-
tics since photoluminescence occurs at a longer wave-
length than the incident illumination. Preferably the re-
verse bias is sufficient for a visibly discernable improve-
ment in display contrast under sunlight, which has a typ-
ical illuminance of 10,000 (or more) lux (for indirect sun-
light) and 100,000 (or more) lux (for direct sunlight), and
which has a spectrum approximating that of a black body
at 5400K.
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[0042] We willalsodescribe adisplay driver foracolour
display, the display comprising at least two types of elec-
troluminescent pixels, a first type of pixel having an emis-
sion peaked at a first wavelength and a second type of
pixel having an emission peaked at a second, longer
wavelength, the display driver being configured to drive
at least some of said first type of pixel on at a different
time to pixels of said second type, and wherein the display
driver is further configured to reverse bias at least some
of said second type of pixel during the period when said
at least some of said first type of pixel are driven on.
[0043] The pixels may be alternately or sequentially
driven so that one set of pixels of a first colour is driven
whilst a second set of pixels of a second colour, redder
than the first, is reverse biased. The forward and reverse
biasing may be performed, for example, under processor
control, which can provide the advantage of being sub-
stantially transparent to a user of the display driver. Pulse
width modulation brightness and/or colour control may
also be incorporated. The reverse biasing may be ac-
complished sufficiently rapidly not to be noticed by a hu-
man observer of the display. The display may be of a
passive matrix type or of an active matrix type or of some
other type, for example a segmented display with a sep-
arate electrode for each display element or segment.
[0044] We will also describe display driver circuitry for
providing an improved contrast electroluminescent dis-
play, the electroluminescent display comprising a plu-
rality of electroluminescent (EL) display elements, the
display driver circuitry comprising a driver to apply a first
polarity drive to at least one first display element of said
EL display elements to cause said at least one first dis-
play element to electroluminesce; and means to apply a
second polarity drive to at least one second display ele-
ment of the EL display elements to at least partially
quench photoluminescence from said at least one sec-
ond display element, said first and second display ele-
ments comprising different display elements, said first
and second polarity drives comprising opposite polarity
drives, and said first and second polarity drives at least
partially overlapping in time.

[0045] Preferably the driver is an adjustable, control-
lable, or modulatable substantially constant current driv-
er. The photoluminescence may be quenched by, for ex-
ample, 5%, 10%, 20%, 50% or more, preferably to pro-
vide a visible improvement in contrast. The display driver
circuitry may provide an improvement in contrast of, for
example, more than 1%, more than 5%, more than 10%
or more than 20%, when the contrast is measured in ac-
cordance with an integrating sphere method, an open
box method, or a sampling sphere method as described,
for example, in US National Institute of Standards and
Technology document NISTIR 6738, "Proposed Diffuse
Ambient Contrast Measurement Methods for Flat Panel
Displays", Edward F Kelley, April 2001.

[0046] The means to apply the second polarity drive
may comprise voltage drive means, for example to pro-
vide a voltage drive of at least 5 volts, preferably at least
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10 volts, and more preferably at least 20 volts. Alterna-
tively the means to apply the second polarity drive may
comprise means to connect the first polarity drive back
to front across a said display element.

[0047] The electroluminescent display may be a pas-
sive matrix display, the display driver circuitry then in-
cluding row and column electrode driver circuitry. The
driver circuitry may be configured to reverse bias pixels
with a row or column electrode in common with a forward
driven display element or pixel.

[0048] We also describe a method of using a display
driver to improve contrast in a display comprising a plu-
rality of light emitting diode display elements addressed
by row-wise scanning, the method comprising operating
the display driver to reverse-bias substantially all non-
scanned non-emitting display elements to at least par-
tially quench photoluminescence from said non-emitting
display elements whereby said display contrast is en-
hanced; and wherein said reverse bias drive is sufficient
to provide a reduction in photoluminescence, with all dis-
play elements off of at least 50% under an illuminance
of at least 100,000 lux from a source approximating a
black body at a temperature of 5400K.

[0049] This method provides similar advantages to the
above-described display drivers and may be employed
to improve contrast in a multicolour display and, in effect,
to provide improved colour gamut. In the above method
it will be understood that display elements which are at
times non-emitting may nevertheless appear illuminated
if at other times they are light-emitting, for example where
display elements are rapidly driven on and off to give the
appearance of being illuminated.

[0050] We will also describe a method for improving
the contrast of a multicolour organic electroluminescent
display device, the display device comprising a plurality
of organic electroluminescent elements, and a driving
device for selectively controlling the current through each
element and the bias voltage across each element such
that each organic electroluminescent element may be
selectively forward biased to cause light emission from
said element, unbiased or reverse biased, the method
being characterised in that when a selection of said or-
ganic electroluminescent elements are forward biased a
further selection of said organic electroluminescent ele-
ments are reverse biased at a voltage sufficientto quench
the photoluminescent emission emitted from said further
selection of electroluminescent elements.

[0051] We will also describe a method of increasing
the colour gamut of an emissive colour display, the dis-
play comprising at least two types of electroluminescent
pixels, a first type of pixel having an emission peaked at
a first wavelength and a second type of pixel having an
emission peaked at a second, longer wavelength, the
method comprising reverse biasing at least some of said
second type of pixel at least whilst some of said first type
of pixel are illuminated.

[0052] Inallthe above drivers, driver circuits and meth-
ods the display preferably comprises organic light-emit-



11 EP 1 502 252 B1 12

ting diode display elements. These may be arranged as
a matrix, in either a single colour to provide a mono-
chrome display, or in a matrix comprising groups of pixels
of different colours to provide a multicolour display. Al-
ternatively the OLED display elements may comprise
separately driveable segments of a display such as a
seven-segment numerical display or a multi-segment
display dedicated to a particular application

[0053] 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 cross sections through, re-
spectively, an organic light emitting diode and a pas-
sive matrix OLED display;

Figures 2a to 2d show, respectively, a conceptual
driver arrangement for a passive matrix OLED dis-
play, a graph of current drive against time for a dis-
play pixel, a graph of pixel voltage against time, and
a graph of pixel light output against time;

Figure 3 shows a schematic diagram of a generic
driver circuit for a passive matrix OLED display ac-
cording to the prior art;

Figure 4 shows a typical active matrix voltage-con-
trolled OLED driver circuit;

Figure 5 shows a pixellated colour OLED display and
driver;

Figures 6a and 6b show spectra of electrolumines-
cent materials illustrating photoluminescence
quenching;

Figure 7 shows a pixel driving waveform for photo-
luminescence quenching for improved display con-
trast;

Figures 8a and 8b show first and second driver cir-
cuits for reverse biasing pixels of a passive matrix
display;

Figures 9a to 9f show, respectively, a non-illuminat-
ed, non-reverse biased cross-section through the
colour display of Figure 5; a blue-illuminated pixel
with red and green photoluminescence; a blue illu-
minated pixel with red and green photoluminescence
quenched by reverse biasing; a green illuminated
pixel with red photoluminescence; a green illuminat-
ed pixel with red photoluminescence quenched by
reverse biasing; and a red illuminated pixel;

Figure 10 shows a CIE colour space diagram illus-
trating contraction of the colour gamut of an OLED
display due to photoluminescence;
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Figure 11 shows colour pixel driving waveforms for
photoluminescence quenching for improved colour
gamut;

Figure 12 shows experimental apparatus for char-
acterising photoluminescence quenching;

Figures 13a and 13b show photoluminescence
quenching signals for two devices measured using
the apparatus of Figure 12;

Figure 14 shows photoluminescent intensity as a
function of illumination wavelength for the device of
Figure 13a; and

Figure 15 shows a possible theoretical mechanism
for photoluminescence quenching.

[0054] The applicant has recognised that contrastin a
light emitting diode-based display, such as a passive or
active matrix OLED-based display, may be increased by
reducing the contrast-reducing photoluminescence.
Where the display comprises light emitting diodes, es-
pecially organic LEDs, this photoluminescence may be
reduced or quenched by reverse biasing selected ones
of the light emitting diodes, thatis those LEDs not emitting
at any particular moment in time.

[0055] Consider, for example, a simple OLED display,
such as that shown in Figure 1a or 1b, with no forward
or reverse bias applied. The apparent colour of the (non-
illuminated) display is a combination of the colour of the
photoluminescence from electroluminescent layer 108
of the display and the intrinsic colour of layer 108 and
other layers, in particular the cathode layer, of the device.
Thus where, for example, layer 108 is intrinsically col-
ourless and photoluminesces in blue, under white ambi-
ent light the display (or non- forward driven pixels) will
appear bluish with no bias, tending to reduce display con-
trast. However with a reverse bias applied the display (or
non-illuminated pixels) will appear colourless or will have
the cathode colour, hence allowing anincreased contrast
between pixel on and off states. Preferably the cathode
is absorbing or black. Where the cathode is partially
transparent, so that when the display (or a pixel) is off
(not electroluminescing) a viewer may see through the
cathode to whatis behind, an absorbent or optically black
layer may be provided behind the cathode.

[0056] Referring now to Figure 5, this shows an exam-
ple of a pixellated display and driver structure 500. This
broadly corresponds to the above described display
structures except that the photoluminescent layer 108 is
pixellated, that is it is divided into a plurality of separate
display elements 502. Likewise the cathode layer (or lay-
ers) is divided into a plurality of separate cathodes each
with its own contact. The substrate 102, anode 104, and
hole transport layer 106 are, however, common to all the
pixels. Thus an individual pixel may be switched off by
applying a reverse bias between the common anode 104
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and the appropriate cathode connection 156. In other
pixellated displays X-Y pixel addressing may be em-
ployed using row and column electrodes.

[0057] In the arrangement of Figure 5 the individual
photoluminescent display elements have different col-
ours to provide a colour display. For example blue pixels
may be provided using blue photoluminescent material
and red and green pixels may be provided by filtering
white photoluminescent emission.

[0058] The display equipment includes display driver
circuitry 504 and a power source illustratively shown by
battery 506. The display 502 comprises a plurality of red
508, green 510, and blue 512 pixels arranged in a pattern
which, from a distance, is capable of providing the ap-
pearance of a variable colour display. A variety of pixel
patterns are possible in addition to the one shown to help
reduce visual artefacts. For example a repeated pattern
of four pixels, red, green, green and blue may be em-
ployed.

[0059] Display driver 504 receives a display signal in-
put 514 and provides an output 516 to drive electrodes
156. As illustrated in Figure 5 the common anode con-
nection 104 and the negative terminal of the power
source, battery 506, are both connected to ground. The
display driver applies a positive voltage from power
source 506 to a selected cathode connection in accord-
ance with the display signal input on line 514. The display
signal may comprise a single pixel on/off signal or may
comprise an analogue or digital pixel brightness signal
indicating a desired level of pixel brightness between the
on and off states. In a colour display such as is illustrated
separate signals are preferably provided for each red,
green and blue pixel, to give the appearance of variable
colour pixels.

[0060] The display driver may also incorporate means
to provide an adjustable duty cycle pulse-width modulat-
ed (PWM) drive signal to each pixel responsive to the
display signal input on line 514. The pulse modulated
driving signal may have a zero or forward bias first current
or voltage drive level and a second reverse bias voltage
(or current) drive level. To reduce display flicker prefer-
ably the PWM signal should have a frequency of greater
than 50 Hz, more preferably greater than 60Hz, most
preferably greater than 75Hz. By selecting, for example,
one of a plurality of mark-space ratios provided by a pulse
generator the colour and luminescence or brightness of
a pixel may be controlled.

[0061] Referring nowto Figure 6, this shows exemplary
spectra of two different types of electroluminescent ma-
terial in Figures 6a and 6b. In Figures 6a and 6b the y-
axis represents the intensity of light emitted from a device
such as those shown in Figures 1a and 1b.

[0062] The spectrum of Figure 6a is representative of
materials which although having a relatively high photo-
luminescence efficiency also have a strong intrinsic col-
our. An example of such a material is the polymer blend
F8BT-TFB, which has a photoluminescence efficiency of
greater than 80%, photoluminescing yellow under white
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light, but also having an intrinsic yellowish colour, so that
the material looks yellow even when the photolumines-
cenceis quenched. This residual or intrinsic colour arises
because the material intrinsically absorbs a set of wave-
lengths which gives it a yellow appearance. This yellow
colour is also apparent when the material is deposited
as a thin film as the material’'s absorption is still a signif-
icant factor.

[0063] Figure6ashowsthreespectra 600 (nottoscale)
illustrating the variation of light intensity with wavelength
for a material such as F8BT-TFB with an intrinsic colour.
Spectrum 604 represents a photo-emission spectrum of
a material in a device such as that shown in Figure 1a or
1b with zero applied bias. With forward bias the spectrum
shifts to spectrum 606, with an enhanced electrolumines-
centemission and a peak which is shifted towards longer
(redder) wavelengths. When reverse bias is applied to a
device containing a material the spectrum shifts to spec-
trum 602, showing that the photoluminescent light emis-
sion is reduced in intensity and that the peak wavelength
is shifted towards the blue.

[0064] Figure 6b, by contrast, shows a set of spectra
610 (not to scale) for a device containing a material with
no intrinsic colour. Spectrum 614 shows the device pho-
toluminescing with no applied bias, spectrum 616 the
spectrum with forward bias applied with emission en-
hanced by electroluminescence, and spectrum 612 the
spectrum with reverse bias applied to substantially
quench the photoluminescence. As can be seen from
Figure 6b the positions of the peaks of spectra 612, 614
and 616 remain substantially constant as substantially
the only contribution to the device’s colour arises from
the emitted photo/electroluminescence and not, as in
Figure 6a, from any contribution from the material’s in-
trinsic colour.

[0065] The light from the display will generally include
two components. Afirst componentcomprises the electro
or photoluminescent emission itself and a second com-
ponent arises from reflection or scattering of the ambient
illumination by the display. This second component may
be reduced by, for example, using a transparent or black
cathode as described in US 5,049,780 or by using a cir-
cular polarising filter as described in US6,211,613
(WO97/38452). In such devices relatively little light may
be scattered from the photoluminescent layer itself, in
which case the spectra of Figure 6a may approach those
of Figure 6b.

[0066] Although these spectra, and a possible photo-
luminescence quenching mechanism described later,
are discussed with reference to F8BT and TFB, these
are merely given as examples to facilitate explanation.
Applications of the invention are not limited to these ma-
terials, which may be employed with any electro/photo-
luminescent materials, including inorganic materials and,
in particular, to any OLED-based devices.

[0067] Referring now to Figure 7, this shows (not to
scale) an exemplary pulse-width modulated (PWM)
waveform 700, as is known in the art for use in controlling
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pixel brightness, but additionally incorporating a photo-
luminescence quenching phase. The waveform shows
the voltage applied to a pixel against time, the voltage
varying between a first forward bias level 702, in the il-
lustrated example +10 volts, and a second reverse bias
level 704, in the illustrated example - 20 volts. This re-
verse bias levelmay correspond to the reverse bias need-
ed for substantially complete photoluminescence
quenching under typical operating conditions. Alterna-
tively partial photoluminescence quenching, such as 5%,
10%, 20%, 50% or greater quenching, may be deemed
sufficient to provide useful contrast enhancement. The
portion of the waveform at voltage level 702 is referred
as the "mark" and the portion of the waveform at level
704 as the "space". The waveform of Figure 7 may be
generated by the display driver circuitry 504 of Figure 5.
[0068] In Figure 7, for the purposes of simplifying the
illustration the waveform is shown as alternating between
forward and reverse voltage drive levels. However it will
often be preferable to provide a substantially constant
current forward drive arrangement, optionally adjustable
or controllable, rather than a forward voltage drive. A re-
verse current drive may also be provided, although this
is less preferable to a voltage drive as the pixel LEDs
generally have a highimpedance in the reverse direction.
Unlike the forward drive, which should preferably be care-
fully controlled to provide uniform display brightness, the
exact level of reverse drive is not critical and need not
be closely regulated.

[0069] During the mark portion of the waveform, the
pixel luminescences and during the space portion of the
waveform, any photoluminescence due toillumination by
ambient light or other pixels is substantially quenched,
thus increasing the apparent contrast of the display.
Pulse width modulation brightness control is particularly
suited to passive matrix displays. In such a passive matrix
display, whilst one pixel is selected and forward biased,
as previously described with reference to Figures 2a, 3
and 5, other pixels in the display may be reverse biased.
Depending upon the switching and driving arrangement
employed the reverse biased pixels may comprise pixels
in other rows and/or columns to the row and/or column
of the selected pixel or pixels or additional pixels in the
same row and/or column as a selected pixel may also be
reverse biased.

[0070] The skilled person will further recognise that in
a display driver with PWM-based brightness control it is
straightforward to reverse bias all the pixels in the display
during periods in the PWM waveform, such as period 704
in Figure 7, when the selected pixel is itself reverse bi-
ased. This can be done, for example, by selecting all the
pixels during period 704 when the selected pixel is off
(and reverse biased) and driving all these pixels from a
common bias generator or a plurality of reverse bias gen-
erators or drivers.

[0071] The frequency of the PWM waveform is chosen
so that rather than a pixel appearing to flash on and off,
emission from the pixel appears substantially continu-
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ous, but with a brightness proportional to the on or mark
period of the waveform. To achieve this, a frequency of
at least 25 Hz to 50 Hz is generally required. It can be
seen from that when the mark-to-space transition 706 is
as shown, the pixel appears at approximately 25% of its
full brightness. Transition positions 708 and 710 corre-
spond, respectively, to pixel brightnesses of 50% and
75%, and 100% brightness corresponds to a steady state
+10 volts (in the example) with a 100% mark : space ratio
duty cycle. Waveforms other than that shown in Figure
7 may also be used and, for example, the driving wave-
form need not have square edges.

[0072] As previously mentioned, using pulse width
modulation has the advantage thatthere is a substantially
linear relationship between the duty cycle and the appar-
ent pixel brightness. Were the pixel brightness to be var-
ied by varying the reverse bias voltage the characteristics
of individual pixels would need to be relatively closely
matched and some form of linearisation, such as a look-
up table, might also be necessary. An additional or alter-
native form of brightness control comprises sub-dividing
each pixel into n sub-pixels with area ratios in powers of
2 (20, 21, 22 etc), thus providing 2" different brightness
levels depending upon which sub-pixels are selected to
be on.

[0073] In principle, every pixel in the display may have
a different brightness to the other pixels and thus the
display driver 504 of Figure 5 should be capable of driving
each pixel with a pulse width modulated waveform ap-
propriate for its selected brightness. One way of achiev-
ing this is to provide a separate, variable pulse-width
pulse generator for each pixel or for each row or column
of pixels in the display. Integrated circuits which can be
used for this purpose are available from the Clare Micro-
nix subsidiary of Clare, Inc, California, USA and include
the MXED101 and MXED102. For example, the
MXED102 is a 240 channel cascadable column driver
providing 240 independently adjustable pulse width mod-
ulated outputs. Data sheets for these devices are avail-
able on the Clare Micronix website and are hereby incor-
porated by reference.

[0074] In operation it is believed that when the diode
formed by the anode, cathode and electroluminescent
layer is reverse biased, that is when the anode is held at
a lower electrical potential than the cathode, a fraction
of the excitons generated by incident ambient or other
illumination are split into their constituent holes and elec-
trons. These holes and electrons are then conducted out
of the structure with the aid of the applied electric field.
Thus this fraction of the excitons is prevented from radi-
atively decaying and hence emitting photoluminescence.
The fraction of the excitons split apart in this way is de-
termined by the reverse voltage applied to the device,
and thus the level of photoluminescence can be control-
led from a maximum value with no applied voltage to a
reduced value depending upon the degree of reverse
bias.

[0075] It will be appreciated that the additional power
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consumption of such a reverse-biased device is very low
because, essentially, the only power required is that to
conduct away the holes and electrons of the split exci-
tons. This will vary depending upon the degree of incident
illumination and upon the photoluminescence efficiency.
It will also be appreciated that since a larger reverse bias
is needed for greater photoluminescence reduction, the
power consumption is to some degree dependent upon
the degree of contrast required and upon the level of
incident illumination. For example the reverse-bias pow-
er consumption will be higher in high ambient light con-
ditions such as bright sunlight. The contrastimprovement
will be most apparent in materials which have both a high
electroluminescent efficiency and a high photolumines-
cent-quenching efficiency. One example of such a ma-
terial is F8BT-TFB.

[0076] Referring now to Figure 8a, this shows a driver
circuit 800, similarto that of Figure 3, butincluding means
for reverse-biasing non-emitting pixels. The OLED dis-
play 302 corresponds to the OLED display of Figure 3,
and like features are indicated by like reference numer-
als. In Figure 8a a battery 802 provides power to a switch
mode power supply unit 804 to provide, efficiently, a reg-
ulated DC power output. A separate inverter 808 is used
to generate a negative power supply voltage for reverse
biasing. In a practical design inverter 808 may be com-
bined with switch mode power supply 804, or inverter
808 may comprise a second switch mode power supply,
or a charge pump, or any other conventional means of
generating a negative power supply. Alternatively a pow-
er supply derived from battery 802 may be split to provide
positive, negative and ground reference voltages, or
where, for example, the display is mains or similarly pow-
ered a conventional dual rail power supply may be em-
ployed.

[0077] The positive supply from power supply 804 sup-
plies a forward driver 806 comprising, forexample, a con-
stant current generator. The negative voltage from in-
verter 808 supplies a reverse bias driver 810 typically a
voltage driver, that is, a regulated or unregulated voltage
source as opposed, for example, to a constant current
source. The drive outputs from forward driver 806 and
reverse driver 810 are provided to a column driver 814
including a plurality of switches 814a, one for each col-
umn electrode. Each switch is configured to connect a
column electrode either to forward driver 806 or to re-
versedriver 810. A processor 812 has adata/controlinput
for providing data for display to the display driver and has
a first output for controlling the column driver 814 and in
particularly switches 814a. A row driver 816 is also pro-
vided, including a plurality of switches 816a, each for
selectively connecting a row electrode 3 06 of display
302 to ground. Switches 816a are likewise under control
of processor 812.

[0078] In operation processor 812 controls row driver
816 to select a row of the passive matrix OLED display
302, that is to selectively connect a row to ground, and
controls column driver 814 to selectively connect one or

10

15

20

25

30

35

40

45

50

55

10

more of the column electrodes to forward driver 806. The
pixel or pixels connected between the forward-driven col-
umn or columns and the selected row are thus forward-
biased and emitlight. The "unselected" columns are con-
nected to reverse driver 810 and the "unselected" rows
are also connected to ground to reverse bias the "off"
pixels. It will therefore be appreciated that in a simplified
arrangement row driver 816 may be dispensed with.
Processor 812 may incorporate hardware and/or soft-
ware for pulse width modulation brightness control of "on"
pixels.

[0079] Referring now to Figure 8b, this shows a con-
ceptual schematic diagram of a variant 850 of the driver
circuitry shown in Figure 8a. As with driver circuitry 800
of Figure 8a forward driver 806 and a reverse driver 810
are provided, the forward driver preferably comprising a
substantially constant source, albeit preferably adjusta-
ble or controllable for brightness control. Column switch-
es 852a, b are provided to connect a column electrode
of display 302 either to forward driver 806 or to ground.
Likewise row switches 854a, b are provided to selectively
connect each row either to reverse driver 812 or to
ground.

[0080] As illustrated in Figure 8b, switches 852a and
854a are connected to forward bias OLED pixel 312a
into light emission. Likewise switch 852b also couples
OLED pixel 312b to forward driver 806 which, being in
the same row as pixel 312a, is also forward driven into
lightemission. Switch 854 (and the switches of other non-
selected rows not shown in Figure 8b) is, however, con-
figured to connect the non-selected row (or rows)
1473117-1-bulk_import to reverse driver 810. Reverse
driver 810 is configured to provide sufficient reverse bias
drive that OLED pixels 312c and 312d are reverse biased
even though their anodes are connected to forward driver
806. The output of reverse driver 810 may therefore be
greater than the desired reverse bias by an amount ap-
proximately equal to the expected forward bias from for-
ward bias 806. Where forward driver 806 is a current
driver, the forward drive voltage will depend, among other
things, on the OLED characteristics but, generally speak-
ing, it is possible to estimate an approximate forward
drive voltage output or range of outputs and then to pro-
vide a reverse bias voltage with an adequate margin.
[0081] The arrangement of Figure 8b is useful in that
it is normal to select a row and then drive many or all of
the column electrodes simultaneously, to provide effi-
cient refreshing of the display. It is therefore desirable to
be able to apply reverse bias to non-selected pixels in
such a situation.

[0082] It will be appreciated that in a segmented dis-
play or a combination display in which at least some of
the display elements have separate drive electrodes, re-
verse biasing of unselected or non-emitting display ele-
ments is simply a matter of selecting either a forward or
a reverse bias drive for application to respective elec-
trodes of emitting and non-emitting display elements or
segments.
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[0083] A particular problem with the re-emission of ab-
sorbed light arises in the context of colour electrolumins-
centdisplays, asillustrated in Figure 9. Ambient light and
light of a shorter wavelength than a particular pixel colour
can cause photoluminescence from a pixel. Thus, for ex-
ample, when blue pixels are illuminated nearby red and
green pixels photoluminesce and when green pixels are
illuminated nearby red pixels photoluminesce.

[0084] Figure 9a shows, schematically, red 902, 908,
green 904, 910 and blue 906 pixels under ambient light
912. The ambient light 912 causes a low level of photo-
luminescence 914 from all the pixels.

[0085] In Figure 9b blue pixel 906 is forward driven to
electroluminesce 916 and the red pixel 908 on one side
of blue pixel 906 and the green pixels 904, 910 on another
side of blue pixel 906 both photoluminesce 918. Similarly
the slightly more distant red and green pixels 902, 910
also photoluminesce 920, albeit with a reduced intensity.
In Figure 9d green pixels 904 electroluminesce 922 caus-
ing adjacent red pixels 902, 908 to photoluminesce 924,
although blue pixel 906 being of a shorter wavelength,
is not stimulated to photoluminesce. In Figure 9f red pixel
902, 908 are forward driven to electroluminesce 926 but
the green and blue pixels 904, 906, 910 do not photolu-
minesce because they electro/photoluminesce at shorter
wavelengths than the emission 926 of the red pixels 902,
908.

[0086] Figure 10 shows a CIE chromaticity diagram
with ideal red, green and blue pixels colours marked at
positions 1002, 1004 and 1006 respectively. The effect
of the self-stimulated photoluminescence described
above with reference to Figure 9 is to move the blue col-
our pixel position 1006 towards the green and red (see
Figure 9b) to position 1006a. Likewise the green colour
pixel position 1004 is moved towards the red (Figure 9d)
to position 1004a. However the red colour pixel position
1002 is substantially unchanged (Figure 9f). Therefore,
as can be immediately seen from Figure 10, the colour
gamut of the display, that is the range of colours the dis-
play can produce, is reduced. It can further be appreci-
ated that the effect of ambient illumination is broadly
speaking, to shrink the colour gamut by moving each of
pixel colour positions 1002, 1004 and 1006 inwardly to-
wards white.

[0087] It will be appreciated from Figure 10, that cor-
respondingly, the colour gamut of a display incorporating
photoluminescent display elements may be improved by
at least partially quenching the photoluminescence, in
particular self-stimulated photoluminescence. Figure 9c¢
shows the effect of photoluminescence quenching ap-
plied to Figure 9b, pixels 902, 904, 908, 910 having been
reverse biased. Likewise Figure 9e shows the effect of
photoluminescence quenching applied to Figure 9d, pix-
els 902 and 908 having been reverse biased. It can be
seen that only selected pixels need to be reverse biased,
in particular those pixels emitting at a longer wavelength
than those currently driven. Thus when blue pixels are
electroluminescing red and green pixels should be re-
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verse biased and when green pixels are electroluminesc-
ing red pixels should be reverse biased, no reverse bi-
asing being necessary when red pixels are electrolumi-
nescing. It will be appreciated that for improvement of
the colour gamut of a display the photoluminescence
need not be entirely quenched since partial quenching
will resultin atleast some improvementin the colour gam-
ut.

[0088] To allow a colour display to be provided in
which, say, blue pixels are illuminated whilst red and
green are quenched three sets of staggered waveforms
800 may be employed to ensure that only one colour of
pixel is forward driven at any one time. This can be done
by extending the cycle shown of Figure 7, for example
as shown in Figure 11 to increase the reverse bias or
"space" period 704.

[0089] In Figure 11 like reference numerals to those of
Figure 7 are used to denote like features, with the addition
of a, b or ¢ to denote drive waveforms for red, green and
blue pixels respectively. As Figure 11 shows, in effect
with three colours the cycle is extended by a factor of
three so that, say, red pixels can be reverse biased whilst
green and whilst blue pixels are forward driven. This has
the effect of reducing the maximum brightness of a PWM
pixel by 1/3, at least for red pixels. It will be recognised
that green pixels do not need to be reversed when red
pixels are on and that blue pixels do not need to be re-
versed when red and/or green pixels are on.

[0090] The waveform of Figure 11 may be generated
by the display driver circuitry 504 of Figure 5, forexample
operating along the lines described above with reference
to driver circuits of Figures 8a and/or 8b. Alternatively an
active matrix display may be employed, for example with
two pixel driver circuits of the type shown in Figure 4 for
each (colour) pixel, one as shown in Figure 4 to provide
forward bias and a second similar (but inverted) circuit
to provide reverse bias. Data may then be written to the
pixel driver circuits, forexample, under processor control,
to bias the pixel in either a forward or reverse direction.
[0091] Referring now to Figure 12, this shows experi-
mental apparatus 1200 for measuring the intensity of
photoluminescence emitted by a OLED display device
as reverse bias is applied.

[0092] A xenon lamp 1202 is coupled by a lens 1204
to a monochromator 1206, to allow the selection of a
narrow range of illuminating wavelengths. The output
from monochromator 1206 is then focussed via a pair of
lenses 1208, 1210 onto the display device-under-test
1214. The lenses 1208, 1210 allow the monochromator
output to be modulated by a mechanical chopper wheel
1212 driven a lock-in amplifier 1224. Photoluminescence
from device-under-test 1214 excited by the illumination
from monochromator 1206 is collected by lens 1216 and
directed onto a photodiode 1220 also coupled to lock-in
amplifier 1224. The collected light is filtered by a low-
pass filter 1218 which rejects scattered light from mon-
ochromator 1206 whilst allowing the photoluminescence
to pass. A voltage source 1222 is used to provide a var-
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iable reverse bias voltage to device under test 1214. The
lock-in amplifier 1224 provides an output indicating the
level of photoluminescence from device 1214.

Examples

[0093] The results from two exemplary devices will be
presented. The first comprised an 80: 20 polymer blend
of F8BT: TFB with a two layer calcium/ aluminium cath-
ode. The second comprised a 79: 20: 1 polymer blend
of FBBT: TFB: poly (2, 7- (9, 9- di- n- octylfluorene)- co-
(2, 5-thienylene- 3, 6- benzothiadiazole- 2, 5- thienylene)
with a three layer cathode of lithium fluoride/ calcium/
aluminium. Both devices photoluminesced in the yellow
and had an intrinsic yellow colouration.

[0094] Figures 13a and 13b show the variation of pho-
toluminescent emission with reverse bias for the first and
second devices respectively. In each case the devices
were excited using light having a wavelength of 466 nm,
from monochromator 1206, and filter 1218 and photodi-
ode 1220 were arranged to collect light of a wavelength
longer than 570 nm. The two graphs have been normal-
ised to a maximum 100% photoluminescence level at
zero applied bias.

[0095] The two graphs show that with a reverse bias
voltage of around 20 volts the photoluminescence is re-
duced to approximately half its initial value. The photo-
luminesence was observed to return to its original inten-
sity once the reverse bias voltage was removed.
[0096] It will be appreciated that the reverse bias re-
quired for photoluminesence quenching depends on both
the material or materials used in construction of the rel-
evant OLED device and also upon the ambient lighting
conditions. Thus in some situations, for example with pol-
ymer LED-based displays, relatively low reverse bias
voltages, such as -5 volts, -10 volts, 15 volts or -20 volts
may be all that is required to either quench the photolu-
minescence or to produce a visible improvement in dis-
play contrast. Small molecule based OLED devices may
require larger voltages, such as -20 volts, -30 volts, -40
volts or -50 volts. The optimum value of reverse bias for
any particular display may be determined by routine ex-
perimentation, wither along the lines mentioned above
or, atits simplest, merely turning up the reverse bias from
a low or zero level and observing the display contrast
visually.

[0097] Figure 14 shows the variation of photolumines-
cence intensity as a function of illuminating wavelength
from monochromator 1206 for the first device. The pho-
toluminescence is cut off when the excitation wavelength
is longer than around 570 nm; the residual tail on the
graph of Figure 14 results from scattered light from the
excitation source. It can be seen that the maximum pho-
toluminescence is observed when the excitation source
has a wavelength of between 400 nm and 500 nm. This
characterisation assists in selecting an appropriate illu-
mination source. The threshold for photoluminescence
in the device of Figure 14, 570 nm, corresponds to the
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minimum photon energy which can still generate an ex-
citon in the photoluminescent material. Thus in devices
where itis desirable to prevent photoluminescence stim-
ulated by ambient or background light a filter cutting off
atwavelengths above 570 nm placed in front ofthe device
will reduce ambient light-stimulated photoluminescence
whilst still permitting photoluminescent emission at
wavelengths longer than 570 nm to pass.

[0098] Figure 15 illustrates a theoretical mechanism
which is believed to be responsible for the photolumines-
cence quenching. Incident illumination causes a n-n*
transition in one of the polymers, of the photoluminescent
polymer blend, F8BT, generating an exciton, that is a
bound hole-electron pair. This exciton may be dissociat-
ed by thermal energy greater than the exciton binding
energy E,,. In an electric field the energy required to dis-
sociate an exciton is reduced to approximately E,, - Xed
where X is the electric field, e the charge on an electron
and d the distance by which the hole and electron must
be separated in order for the dissociation to be complete.
[0099] ReferringagaintoFigure 15, this shows the vac-
uum energy level 1500 and the lowest unoccupied mo-
lecular orbital (LUMO) energy levels 1502 and 1504 for
TFB and F8BT respectively. Figure 15 also shows the
highest occupied molecular orbital (HOMO) energy lev-
els 1506 and 1508 for TFB and F8BT respectively. In a
simple picture, an exciton on F8BT will dissociate if the
energy gained by a hole transferred to the HOMO of the
TFB polymer (0.56eV) exceeds the binding energy of the
exciton on the F8BT polymer. Similarly an exciton formed
on the TFB polymer will dissociate if the energy gained
by transferring an electron to the LUMO of the F8BT pol-
ymer exceeds the binding energy of the exciton on the
TFB polymer. It is believed that by applying a reverse
bias electric field the energy needed to dissociate an ex-
citon on the F8BT and on the TFB polymer is reduced
and thus this hole/electron transfer process is activated-
that is less energy is required for this transfer process
and thus, at a given temperature, the process is more
likely to occur. Dissociation must take place faster than
radiative recombination. Measurements have deter-
mined that the estimated reduction in binding energy is
consistent with the energy required to separate a hole-
electron pair by a distance roughly equal to the separation
between TFB and F8BT polymer chains.

[0100] The described embodiments has mainly related
to applications of the invention to passive matrix displays
but the skilled person will appreciate that the invention
is not limited to such displays. For example contrast or
colour gamut may be improved in segmented displays in
which each segmenthas a separate drive line, orin active
matrix displays in which one or more transistors associ-
ated with each pixel maintain a pixel drive level after data
has been written to the pixel to set the drive level. Like-
wise applications of the invention are not limited to or-
ganic light emitting diode-biased displays butinclude oth-
er types of emissive display, such as inorganic LED-
based displays.
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[0101] No doubt many effective alternatives will occur
to the skilled person, and it should be understood that
the invention is not limited to the described embodiments
but encompasses modifications apparent to those skilled
in the art lying within the scope of the claims appended
hereto.

Claims

1. Adisplay (302) comprising a plurality of light emitting
diode display elements (312), a plurality of row elec-
trodes (304) and a plurality of column electrodes
(308), each lightemitting diode display element (312)
being connected between a pair of row and column
electrodes and a driver (800) for driving the display
with a pulse width modulated (PWM) waveform in-
corporating a photoluminescence quenching phase,
the driver comprising:

addressing circuitry (814, 816) to address said
display elements, the addressing circuitry com-
prising row switches (816) to selectively connect
each row to ground;;

aforward driver (806) to cooperate with said ad-
dress circuitry to provide a forward drive to at
least one of said display elements to illuminate
the display element;

wherein the driver is is configured to address
said display by row-wise scanning;

and characterised by:

areverse driver (810) to provide a reverse
bias drive to others of said display elements
at the same time as said at least one display
element is illuminated to reduce a level of
photoluminescence from said others of said
display elements;

column switches (814) to connect a column
electrode of the display (302) to either said
forward driver (806) or said reverse driver
(810) such that the pulse width modulated
waveform is generated,;

and

a processor (812) having an input for pro-
viding data for display to the display driver,
the processor (812) being arranged for con-
trolling said column switches and said row
switches for driving pixels of the display with
said pulse width modulated (PWM) wave-
form in accordance with a pixel brightness
defined by said PWM waveform;

wherein said pulse width modulated (PWM)
waveform comprises a first, forward drive
portion and a second, reverse drive portion
to quench photoluminescence.

2. A display and driver as claimed in claim 1 wherein
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said forward driver comprises a current driver and
said reverse driver comprises a voltage driver.

A display and driver as claimed in any one of claims
1 and 2 wherein said reverse bias drive comprises
a reverse bias voltage drive of at least 20V.

A display and driver as claimed in any one of claims
1 to 3 wherein said forward drive comprises a sub-
stantially constant current drive.

A display and driver as claimed in any one of claims
1 to 4 wherein said display elements comprise dis-
play elements of more than one colour.

A display and driver as claimed in any one of claims
1 to 5 wherein said display elements comprise or-
ganic light emitting diodes.

A display and driver as claimed in any preceding
claim wherein display elements in a non-scanned
row of said display are connected to ground at the
same time as said at least one display element is
illuminated.

A method of using a display driver (800) to improve
contrast in a passive matrix display (302) by driving
the display with a pulse width modulated (PWM)
waveform incorporating a photoluminescence
quenching phase, the display comprising a plurality
of light emitting diode display elements (312), a plu-
rality of row electrodes (304) and a plurality of column
electrodes (308), each light emitting diode display
element (312) being connected between a pair of
row and column electrodes,

a forward driver (806) to provide a forward drive to
at least one of said display elements to illuminate
the display element;

areverse driver (810) to provide a reverse bias drive
to others of said display elements at the same time
as said at least one display element is illuminated to
reduce a level of photoluminescence from said oth-
ers of said display elements;

the method comprising operating the display driver
to address the light emitting diode display elements
(312) by row-wise scanning by controlling row
switches (816) of the display to selectively connect
each row to ground;

to reverse-bias non-emitting display elements to at
least partially quench photoluminescence from said
non-emitting display elements whereby said display
contrast is enhanced; and

wherein the method further comprises: inputting data
for display to a processor (812); controlling column
switches (814) of the display to connect a column
electrode of the display (302) either to the forward
driver (806) or to the reverse driver (810) such that
the pulse width modulated waveform is generated;
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controlling said column switches and said row
switches for driving pixels of the display with said
pulse width modulated (PWM) waveform in accord-
ance with a pixel brightness defined by said PWM
waveform;

wherein said pulse width modulated (PWM) wave-
form comprises a first, forward drive portion and a
second, reverse drive portion to quench photolumi-
nescence.

Patentanspriiche

1.

Anzeige (302), umfassend eine Vielzahl von Leucht-
dioden- Anzeigeelementen (312), eine Vielzahl von
Zeilenelektroden (304) und eine Vielzahl von Spal-
tenelektroden (308), wobei jedes Leuchtdioden- An-
zeigeelement (312) zwischen ein Paar von Zeilen-
und Spaltenelektroden geschaltet ist; und Treiber
(800) zum Ansteuern der Anzeige mit einer impuls-
breitenmodulierten (PWM- ) Wellenform, die eine
Fotolumineszenz- L&schphase einschliel3t, wobei
der Treiber umfasst:

Adressierungsschaltungen (814, 816), um die
Anzeigeelemente zu adressieren, wobei die
Adressierungsschaltungen Zeilenschalter (816)
umfassen, um jede Zeile selektiv mit Masse zu
verbinden;

einen Durchlasstreiber (806), um mit den Adres-
sierungsschaltungen zusammenzuwirken, um
eine Durchlassansteuerung fiir mindestens ei-
nes der Anzeigeelemente bereitzustellen, um
das Anzeigeelement zu erleuchten;

worin der Treiber dafiir konfiguriert ist, die An-
zeige durch zeilenweises Abtasten zu adressie-
ren;

und gekennzeichnet durch:

einen Sperrtreiber (810), um zur gleichen
Zeit, wenn das mindestens eine Anzeige-
element erleuchtet wird, eine Sperrrich-
tungsansteuerung flr andere der Anzeige-
elemente bereitzustellen, um einen Pegel
der Fotolumineszenz von den anderen der
Anzeigeelemente zu verringern;
Spaltenschalter (814), um eine Spalten-
elektrode der Anzeige (302) entweder mit
dem Durchlasstreiber (806) oder dem
Sperrtreiber (810) zu verbinden, so dass die
impulsbreitenmodulierte Wellenform er-
zeugt wird; und

einen Prozessor (812) mit einem Eingang
zum Bereitstellen von Daten zur Anzeige flr
den Anzeigetreiber, wobei der Prozessor
(812) dafirr eingerichtet ist, die Spalten-
schalter und die Zeilenschalter zu steuern,
um Bildpunkte der Anzeige mit der impuls-
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breitenmodulierten (PWM- ) Wellenform
geman einer durch die PWM- Wellenform
definierten Bildpunkthelligkeit anzusteuern;
worin die impulsbreitenmodulierte (PWM- )
Wellenform einen ersten Durchlassan-
steuerungsabschnitt und einen zweiten
Sperransteuerungsabschnitt zum Léschen
der Fotolumineszenz umfasst.

Anzeige und Treiber nach Anspruch 1, worin der
Durchlasstreibereinen Stromtreiber umfasst und der
Sperrtreiber einen Spannungstreiber umfasst.

Anzeige und Treiber nach einem der Anspriiche 1
und 2, worin die Sperrrichtungsansteuerung eine
Sperrrichtungsspannungsansteuerung von minde-
stens 20 V umfasst.

Anzeige und Treiber nach einem der Anspriiche 1
bis 3, worin die Durchlassansteuerung eine im we-
sentlichen konstante Stromansteuerung umfasst.

Anzeige und Treiber nach einem der Anspriiche 1
bis 4, worin die Anzeigeelemente Anzeigeelemente
mit mehr als einer Farbe umfassen.

Anzeige und Treiber nach einem der Anspriiche 1
bis 5, worin die Anzeigeelemente organische
Leuchtdioden umfassen.

Anzeige und Treiber nach einem der vorhergehen-
den Anspriiche, worin zur gleichen Zeit, wenn das
mindestens eine Anzeigeelement erleuchtet wird,
Anzeigeelemente in einer nicht abgetasteten Zeile
der Anzeige mit Masse verbunden werden.

Verfahren zum Verwenden eines Anzeigetreibers
(800), um den Kontrast in einer Passivmatrixanzeige
(302) zu verbessern, indem die Anzeige mit einer
impulsbreitenmodulierten (PWM- ) Wellenform, die
eine Fotolumineszenz- Léschphase einschlielt, an-
gesteuertwird, wobei die Anzeige umfasst: eine Viel-
zahlvon Leuchtdioden- Anzeigeelementen (312), ei-
ne Vielzahl von Zeilenelektroden (304) und eine Viel-
zahl von Spaltenelektroden (308), wobei jedes
Leuchtdioden- Anzeigeelement (312) zwischen ein
Paar von Zeilen- und Spaltenelektroden geschaltet
ist, einen Durchlasstreiber (806), um eine Durchlas-
sansteuerung fiir mindestens eines der Anzeige-
elemente bereitzustellen, um das Anzeigeelement
zu erleuchten, einen Sperrtreiber (810), um zur glei-
chen Zeit, wenn das mindestens eine Anzeige-
element erleuchtet wird, eine Sperrrichtungsan-
steuerung fiir andere der Anzeigeelemente bereit-
zustellen, um einen Pegel der Fotolumineszenz von
den anderen der Anzeigeelemente zu verringern;
wobei das Verfahren umfasst:



27 EP 1 502 252 B1 28

Betreiben des Anzeigetreibers, um die Leucht-
dioden- Anzeigeelemente (312) durch zeilen-
weises Abtasten zu adressieren, indem Zeilen-
schalter (816) der Anzeige gesteuert werden,
um jede Zeile selektiv mit Masse zu verbinden;
Vorspannen von nichtleuchtenden Anzeige-
elementen in Sperrrichtung, um die Fotolumi-
neszenz von den nichtleuchtenden Anzeige-
elementen zumindest teilweise zu l[6schen, wo-
durch der Anzeigekontrast verbessert wird; und

worin das Verfahren ferner umfasst:

Eingeben von Daten zur Anzeige in einen Pro-
zessor (812);

Steuern von Spaltenschaltern (814) der Anzei-
ge, um eine Spaltenelektrode der Anzeige (302)
entweder mit dem Durchlasstreiber (806) oder
mit dem Sperrtreiber (810) zu verbinden, so
dass die impulsbreitenmodulierte Wellenform
erzeugt wird;

Steuern der Spaltenschalter und der Zeilen-
schalter, um Bildpunkte der Anzeige mit der im-
pulsbreitenmodulierten (PWM- ) Wellenform ge-
man einer durch die PWM- Wellenform definier-
ten Bildpunkthelligkeit anzusteuern;

worin die impulsbreitenmodulierte (PWM- ) Wel-
lenform einen ersten Durchlassansteuerungs-
abschnitt und einen zweiten Sperransteue-
rungsabschnitt zum Ldschen der Fotolumines-
zenz umfasst.

Revendications

Dispositif d’affichage (302) comprenant une pluralité
d’éléments d’affichage a diodes électroluminescen-
tes (312), une pluralité d’électrodes de lignes (304)
et une pluralité d’électrodes de colonnes (308), cha-
que élément d’affichage a diodes électrolumines-
centes (312) étant connecté entre une paire d’élec-
trodes de colonnes et de lignes et un circuit de com-
mande (800) destiné a commander le dispositif d’'af-
fichage avec une forme d’'onde modulée en largeur
d’'impulsion (PWM) intégrant une phase de suppres-
sion de photoluminescence, le circuit de commande
comprenant :

un montage de circuits d’adressage (814, 816)
destiné a adresser lesdits éléments d’affichage,
le montage de circuits d’adressage comprenant
des commutateurs de lignes (816) pour connec-
ter sélectivement chaque ligne a la masse ;

un circuit de commande vers I'avant (806) des-
tiné a coopérer avec ledit montage de circuits
d’adressage en vue de fournir une commande
vers I'avant a au moins l'un desdits éléments
d’affichage, afin d’éclairer I'élément

10

15

20

25

30

35

40

45

50

55

15

d’affichage ;

dans lequel le circuit de commande est configu-
ré de maniére a adresser ledit dispositif d’affi-
chage par un balayage ligne par ligne ; et ca-
ractérisé par :

un circuit de commande inverse (810) des-
tiné a fournir une commande de polarisation
inverse a d’autres éléments parmi lesdits
éléments d’affichage a l'instant méme ou
ledit au moins un élément d’affichage est
éclairé, en vue de réduire un niveau de pho-
toluminescence provenant desdits autres
éléments desdits éléments d’affichage ;
des commutateurs de colonnes (814) des-
tinés a connecter une électrode de colon-
nes du dispositif d’affichage (302) audit cir-
cuit de commande vers l'avant (806) ou
audit circuitde commande inverse (810), de
sorte que la forme d’onde modulée en lar-
geur d’'impulsion est générée ; et

un processeur (812) présentant une entrée
pour fournir des données a afficher au cir-
cuit de commande d’affichage, le proces-
seur (812) étant agencé de maniére a com-
mander lesdits commutateurs de colonnes
et lesdits commutateurs de lignes en vue
de commander les pixels du dispositif d’af-
fichage avec ladite forme d’onde modulée
en largeur d’'impulsion (PWM) selon une lu-
minosité des pixels définie par ladite forme
d’'onde PWM ;

danslequel ladite forme d’'onde modulée en
largeur d’'impulsion (PWM) comprend une
premiére partie de commande vers I'avant
et une seconde partie de commande inver-
se destinée a supprimer la photolumines-
cence.

Dispositif d’affichage et circuit de commande selon
larevendication 1, dans lesquels ledit circuit de com-
mande vers I'avant comprend un circuitde comman-
de de courant et ledit circuit de commande inverse
comprend un circuit de commande de tension.

Dispositif d’affichage et circuit de commande selon
I'une quelconque des revendications 1 et 2, dans
lesquels ladite commande de polarisation inverse
comprend une commande de tension de polarisa-
tion inverse d’au moins 20 V.

Dispositif d’affichage et circuit de commande selon
I'une quelconque des revendications 1 a 3, dans les-
quels ladite commande vers I'avant comprend une
commande de courant sensiblement constante.

Dispositif d’affichage et circuit de commande selon
I'une quelconque des revendications 1 a4, dans les-
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quels lesdits éléments d’'affichage comprennent des
éléments d’affichage de plus d’'une couleur.

Dispositif d’affichage et circuit de commande selon
'une quelconque des revendications 1 a 5, dans les-
quels lesdits éléments d’'affichage comprennent des
diodes électroluminescentes organiques.

Dispositif d’affichage et circuit de commande selon
'une quelconque des revendications précédentes,
dans lesquels les éléments d’affichage dans une Ii-
gne non balayée duditdispositif d’affichage sont con-
nectés ala masse al'instant méme ou ledit au moins
un élément d’affichage est éclairé.

Procédé d'utilisation d’un circuit de commande d’af-
fichage (800) en vue d’améliorer le contraste dans
un dispositif d’affichage a matrice passive (302) en
commandant le dispositif d'affichage avec une forme
d’onde modulée en largeur d'impulsion (PWM) inté-
grant une phase de suppression de photolumines-
cence, le dispositif d’affichage comprenant une plu-
ralité d’éléments d’affichage a diodes électrolumi-
nescentes (312), une pluralité d’électrodes de lignes
(304) etune pluralité d’électrodes de colonnes (308),
chaque élément d’affichage a diodes électrolumi-
nescentes (312) étant connecté entre une paire
d’électrodes de colonnes et de lignes ;

un circuit de commande vers I'avant (806) pour four-
nir une commande vers I'avant a au moins I'un des-
dits éléments d’affichage en vue d’éclairer I'élément
d’affichage ;

un circuit de commande inverse (810) destiné a four-
nir une commande de polarisation inverse a d’autres
éléments parmi lesdits éléments d’affichage a I'ins-
tant méme ou ledit au moins un élément d’affichage
est éclairé, en vue de réduire un niveau de photolu-
minescence provenant desdits autres éléments des-
dits éléments d’affichage ;

le procédé consistant a exploiter le circuit de com-
mande d’affichage en vue d’adresser les éléments
d’'affichage a diodes électroluminescentes (312) par
un balayage ligne par ligne en commandantles com-
mutateurs de lignes (816) du dispositif d’affichage
de maniére a connecter sélectivement chaque ligne
ala masse ;

de renverser la polarisation d’éléments d’affichage
non luminescents en vue de supprimer au moins par-
tiellement la photoluminescence desdits éléments
d’affichage non luminescents, moyennant quoi ledit
contraste d’affichage est amélioré ; et

dans lequel le procédé consiste en outre a : entrer
des données a afficher dans un processeur (812) ;
commander des commutateurs de colonnes (814)
du dispositif d’affichage en vue de connecter une
électrode de colonnes du dispositif d’affichage (302)
au circuit de  commande vers l'avant (806) ou au
circuit de commande inverse (810), de sorte que la
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forme d’'onde modulée en largeur d’impulsion est
générée ;

commander lesdits commutateurs de colonnes et
lesdits commutateurs de lignes en vue de comman-
der les pixels du dispositif d’affichage avec ladite for-
me d’onde modulée en largeur d'impulsion (PWM)
selon une luminosité des pixels définie par ladite for-
me d’'onde PWM ;

dans lequel ladite forme d’onde modulée en largeur
d’'impulsion (PWM) comprend une premiére partie
de commande vers I'avant et une seconde partie de
commande inverse en vue de supprimer la photolu-
minescence.
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