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Description

[0001] This invention relates to active matrix electro-
luminescent display devices, comprising an array of elec-
troluminescent display pixels arranged in rows and col-
umns. The invention is particularly concerned with dis-
play devices in which rows of pixels share a common
line, with currents through the display elements of the
row passing along the common line.
[0002] Matrix display devices employing electrolumi-
nescent, 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 tra-
ditional III-V semiconductor compounds. Recent devel-
opments in organic electroluminescent materials, partic-
ularly polymer materials, have demonstrated their ability
to be used practically for video display devices. These
materials typically comprise one or more layers of a sem-
iconducting 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] The polymer material can be fabricated using
a CVD process, or simply by a spin coating technique
using a solution of a soluble conjugated polymer.
[0004] Organic electroluminescent materials exhibit
diode-like I-V properties, so that they are capable of pro-
viding both a display function and a switching function,
and can therefore be used in passive type displays.
[0005] However, the invention is concerned with active
matrix display devices, with each pixel comprising a dis-
play element and a switching device for controlling the
current through the display elements. Examples of an
active matrix electroluminescent display are described
in US 5670792.
[0006] A problem with display devices of this type aris-
es from the fact that they have current driven display
elements. Display devices of the type with which this in-
vention is concerned include a common line on which
the currents from all pixels in a row pass. Compounding
currents from the pixels in a row give rise to different
voltages along the common line. These voltages depend
upon the currents through all pixels in the row, since these
currents all pass to the common line. These different volt-
ages give rise to undesired changes to the outputs from
the display pixels, which vary as a function of the full set
of signals applied to the row. Consequently, there is
cross-talk between the pixels within the row.
[0007] Document US 5714968 discloses an active ma-
trix electroluminescent display with an array of pixels,
each with an electroluminescent element and switching
means, and driver circuitry.
[0008] According to the invention, there is provided an
active matrix electroluminescent display device compris-
ing:

an array of display pixels arranged in rows and col-

umns, each pixel comprising an electroluminescent
display element and a switching means for control-
ling the current through the display element based
on a signal voltage applied to the pixel, each row of
pixels sharing a common line, currents through the
display elements of a row of pixels passing along the
common line giving rise to different voltages along
the common signal line; and
driver circuitry for generating signal voltages corre-
sponding to desired outputs from the display ele-
ments, and for applying signal voltages to rows of
pixels in sequence, wherein the device further com-
prises:

means for generating error values for each pixel
in a row of pixels to be addressed derived from
modelling of a row of pixels, the modelling taking
account of the signal voltages to be applied to
the pixels in the row, and the error values being
used to account for the different voltages on the
common line;
means for updating the signal voltages for each
pixel in the row of pixels to be addressed, where
required, using the error values; and
means for supplying the updated signal voltages
to the pixels.

[0009] The modelling of a row of pixels enables a dis-
crepancy between the desired output and the actual out-
put to be corrected. This discrepancy arises from the dif-
ferent voltages on the common line at each pixel, which
depends upon the signal voltages for the row of pixels.
The device of the invention can thereby compensate for
signal distortions resulting from cross-talk between pixels
within a row.
[0010] The display element and the switching means
are preferably arranged in series between a voltage sup-
ply line for the display elements and the common line,
which acts as a current drain.
[0011] Each pixel may further comprise a charge stor-
age element for holding a control voltage derived from
the updated signal voltage on the switching means.
[0012] The invention also provides a method of driving
an active matrix electroluminescent display device, com-
prising an array of electroluminescent display pixels ar-
ranged in rows and columns, each row of pixels sharing
a common line, currents through the display elements of
a row passing along the common line, different voltages
thereby being present at different points along the com-
mon line, the method comprising addressing rows of pix-
els in sequence, and for each row of pixels generating
signal voltages for the pixels in the row, the generated
signal voltages corresponding to desired pixel outputs,
wherein the method further comprises:

generating error values derived from modelling of a
row of pixels to account for the different voltages on
the common line, the modelling taking account of the
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signal voltages to be applied to the pixels in the row;
updating the signal voltages for each pixel in the row,
where necessary, using the error values; and
supplying the updated signal voltages to the pixels.

[0013] The invention will now be described by way of
example, with reference to and as shown in the accom-
panying drawings, in which:

Figure 1 shows part of an electroluminescent active
matrix display device to which the invention may be
applied;
Figure 2 schematically illustrates the current flowing
in a row of electroluminescent display pixels, to illus-
trate the cross-talk resulting from the common signal
line; and
Figure 3 shows a display device according to the
invention.

[0014] The Figures are merely schematic and have not
been drawn to scale. The same reference numbers are
used throughout the figures to denote the same or similar
parts.
[0015] Figure 1 shows a known pixel configuration for
an electroluminescent active matrix display device. Var-
ious types of electroluminescent display devices are
known, which utilise current-controlled electrolumines-
cent or light emitting diode display elements. An example
of the construction of such a display is described in detail
in US 5670792.
[0016] As shown schematically in Figure 1, a display
device 2 comprises an array of pixels 4 arranged in rows
6 and columns 8. Each pixel 4 comprises a display ele-
ment 10 and a switching element 12 in a form of a thin
film transistor, which controls the operation of the display
element 10 based on a signal voltage applied to the pixel
4. As one example, the display element 10 comprises an
organic light emitting diode comprising a pair of elec-
trodes between which one or more active layers of or-
ganic electroluminescent material is sandwiched. At
least one of the electrodes is formed of a transparent
material such as ITO. Various electroluminescent mate-
rials are available, for example as described in EP-A-
0717446.
[0017] The signal voltage for a pixel is supplied via a
control signal line 14 which is shared between a respec-
tive column 8 of pixels. The control signal line 14 is cou-
pled to the gate of the switching transistor 12 through an
address transistor 16. The gates for the address transis-
tors 16 of a row 6 of pixels are coupled together to a
common address line 18.
[0018] Each row 6 of pixels 4 also shares a common
voltage supply line 20 usually provided as a continuous
common electrode covering all pixels, and a common
signal line 22. The display element 10 and the switching
element 12 are arranged in series between the voltage
supply line 20 and the common signal line 22, which acts
as a current drain for the current flowing through the dis-

play element 10, as represented by arrows 24. The cur-
rent flowing through the display element 10 is controlled
by the switching element 12 and is a function of the gate
voltage on the transistor 12, which is dependent upon
the control signals supplied to the control signal line 14.
[0019] A row of pixels is selected by applying a selec-
tion pulse to the address line 18 which switches on the
address transistors 16 for the respective row of pixels. A
voltage level derived from the video information is applied
to the control signal line 14 and is transferred by the ad-
dress transistor 16 to the gate of the switching transistor
12. During the periods when a row of pixels is not being
addressed by the address line 18, the address transistor
16 is turned off, but the voltage on the gate of the switch-
ing transistor 12 is maintained by a pixel storage capac-
itor 26 which is connected between the gate of the switch-
ing transistor 12 and the common signal line 22. The
voltage between the gate of the switching transistor 12
and the common signal line 22 determines the current
passing through the display element 10 of the pixel 4.
Thus, the current flowing through the display element is
a function of the gate-source voltage of the switching
transistor 12 (the source of the transistor 12 being con-
nected to the common signal line 22, and the drain of the
transistor 12 being connected to the display element 10).
This current in turn controls the light output of the pixel.
[0020] The switching transistor 12 is arranged to op-
erate in saturation, so that the gate-source voltage gov-
erns the current flowing through the transistor, irrespec-
tively of the drain-source voltage. Consequently, slight
variations of the drain voltage do not affect the current
flowing through the display element 10. The voltage on
the voltage supply line 20 is therefore not critical to the
correct operation of the pixels. However, voltage fluctu-
ations on the common signal line 22, which couples to-
gether the sources of the switching transistors 12, will
influence the current flowing through the display element
10 for a given control voltage on the control signal line 14.
[0021] A problem therefore arises that the resistance
of the common signal line 22 gives rise to voltage drops
along that line, which voltage drops are a function of the
currents supplied to the line from the individual pixels 10.
The voltages on the common signal line 22 at the location
of different pixels will depend in a complex manner on
the currents passed by all of the pixels in the row. The
gate-source voltage of the switching transistor 12 will de-
pend upon the voltage on the common signal line 22 at
the location of that pixel, so that these voltage variations
will affect the brightness of the pixels. The result is
non-uniformity and horizontal cross-talk of the picture in-
formation shown on the display.
[0022] This invention provides an electroluminescent
display device in which the control signals are modified
to correct the signals applied to the display elements.
The modification of the control signal is to ensure that an
appropriate gate-source voltage is applied to the switch-
ing transistor 12 to give rise to the desired display element
output. The voltages occurring at different points within
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the pixels, for example the gate and source voltages of
the TFTs, are not accessible to the column driver circuitry,
which generates the control signals for the control signal
lines 14.
[0023] Figure 2 shows the common signal line 22 with
the currents i1, i2, ... in associated with the pixels shown,
there being n pixels in total in the row. These currents
are the currents flowing through the pixels. A current sum-
mation occurs at each pixel location, as shown, and the
voltage drop along each section of the common line 22
between adjacent pixels is a function of the current flow-
ing in that section.
[0024] The currents i flowing through the pixels 10 are
a function of the signal voltage applied to the control sig-
nal line. Thus: 

where Vk is the voltage signal applied to the control signal
line 14 for that pixel. The voltage drop between pixels 1
and 2 is therefore: 

where R is the line resistance for a section of the common
signal line 22 corresponding to the pixel pitch. The value
R may or may not be a constant, depending upon the
signal line design. This notation shall be used in the fol-
lowing.
[0025] Assuming R is constant, the voltage drop be-
tween pixels 2 and 3 is: 

In general: 

[0026] Therefore, if the values of the control signals
can be read, and the characteristics of the switching de-
vices and of the display elements in the pixels can be
modelled, then the voltage drops along the common sig-
nal line, and thereby the voltage at different points along
the line, can be determined. The applied voltage at one
end of the common line will be known.
[0027] For the purpose of a simplified analysis, we as-
sume the lead out for the row is on the left, as shown in
Figure 2, and that the common signal line is at the correct
voltage (for example 0V) at the location of the nth pixel,

because the lead-out resistance can be ignored. In this
case, the voltage across the nth display element is cor-
rect. The voltage difference on the common signal line
at the location of the (n-1)th pixel is: 

[0028] This represents the error on the common line
at pixel n-1, and thereby the amount by which the voltage
across the display element is in error. For pixel n-2, the
voltage drops
Vn-1,n and Vn-2,n-1 must be added.
[0029] Thus, in general, the voltage difference be-
tween the lead out voltage and the voltage on the com-
mon line at a pixel k is given by: 

for all values of K from 1 to n-1, and with Verror (n)=0.
[0030] The error value for each pixel can be calculated
and can be used to compensate for the voltage drops
along the common line. In the case of the pixel configu-
ration of Figure 1, this error value represents the amount
by which the source voltage of the switching transistor
12 is too high. To compensate for this, the gate voltage
needs to be increased by the same amount, in order to
return to the correct gate-source voltage, which dictates
the current flowing through the display elements, and
thereby the brightness.
[0031] The voltage applied to the control signal line
can then be modified by: 

[0032] Figure 3 shows a display device according to
the invention. The device 2 comprises a display area 30
which comprises pixels, for example as shown in Figure
1. Driver circuitry 32 is provided which includes a con-
ventional column driver unit 33 for generating signal volt-
ages V1, V2 .... Vn corresponding to desired outputs from
the display elements. These signal values are deter-
mined from a video input signal to the display device
which originates from separate circuitry and which ar-
ranges the data into a standard format. In accordance
with the invention, the driver circuitry 32 includes an ad-
ditional circuit 34 to which the signals V1, V2 .... Vn are
applied. Error values shown as e1, e2, .... en (correspond-
ing to Verror) are generated within the circuit 34 to enable
updated signal voltages V’1, V’2 .... V’n to be supplied to
the pixels in the display area 30. The additional circuit 34
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may comprise a line store for the values V and a com-
putation unit for generating the error values from them.
[0033] The error values are obtained from modelling
of a row of pixels to account for the different voltages on
the common signal line. As described above, this mod-
elling may take account of the characteristics of the
switching transistor and/or of the display element as well
as of the common line 22.
[0034] The error values enable the updated signal volt-
ages V’ to take account of the different voltages on the
common signal line 22 at each pixel, which voltages will
depend upon the signal voltages for the full row of pixels.
In this way, the updated signal voltages V’ enable
cross-talk between the pixels in a display area to be elim-
inated.
[0035] In the analysis above, it is assumed that the
lead-out resistance is negligible. In practice, there will of
course be a voltage drop at the lead-out of the common
line and which will be proportional to the total current
flowing, and can therefore also be modelled. Further-
more, numerical errors in the modelling may be corrected
by measuring the voltage drops across a line during a
calibration of the modelling device.
[0036] Although a specific pixel configuration has been
shown, various other pixel configurations will be apparent
to those skilled in the art, and devices using those pixel
configurations will benefit from the present invention, pro-
vided each row of pixels shares a common line, and in
which the voltages at different points along this line may
influence the output of the display elements.

Claims

1. An active matrix electroluminescent display device
(2) comprising:

an array of display pixels (4) arranged in rows
(6) and columns (8), each pixel comprising an
electroluminescent display element (10) and a
switching means (12) for controlling the current
through the display element based on a signal
voltage applied to the pixel, each row of pixels
sharing a common line (20), currents through
the display elements of a row of pixels passing
along the common line giving rise to different
voltages along the common signal line; and
driver circuitry (32) for generating signal voltag-
es corresponding to desired outputs from the
display elements, and for applying signal volt-
ages to rows of pixels in sequence, character-
ised in that the device further comprises:

means (34) for generating error values for
each pixel in a row of pixels to be addressed
derived from modelling of a row of pixels,
the modelling taking account of the signal
voltages to be applied to the pixels in the

row, and the error values being used to ac-
count for the different voltages on the com-
mon line;
means (33,34) for updating the signal volt-
ages for each pixel in the row of pixels to be
addressed, where required, using the error
values; and
means (33,34) for supplying the updated
signal voltages to the pixels.

2. A device as claimed in claim 1, wherein the display
element and the switching means are arranged in
series between a voltage supply line for the display
elements and the common line, which acts as a cur-
rent drain.

3. A display as claimed in claim 2, wherein an address
line (18) is associated with each row of pixels, and
each pixel comprises an addressing switch (16)
which is controlled by the address line for switching
the updated signal voltages to the switching means.

4. A display as claimed in any preceding claim, wherein
each pixel further comprises a charge storage ele-
ment (26) for holding a control voltage derived from
the updated signal voltage on the switching means.

5. A display as claimed in any preceding claim, wherein
the modelling includes modelling of the resistance
per unit length of the common line and of the currents
flowing along the common line as a result of the sig-
nal voltages applied to the display elements.

6. A method of driving an active matrix electrolumines-
cent display device (2) comprising an array of elec-
troluminescent display pixels (4) arranged in rows
(6) and columns (8), each row of pixels sharing a
common line (20), currents through the display ele-
ments of a row passing along the common line, dif-
ferent voltages thereby being present at different
points along the common line, the method compris-
ing addressing rows of pixels in sequence, and for
each row of pixels generating signal voltages for the
pixels in the row, the generated signal voltages cor-
responding to desired pixel outputs, characterised
in that the method further comprises:

generating error values derived from modelling
of a row of pixels to account for the different volt-
ages on the common line, the modelling taking
account of the signal voltages to be applied to
the pixels in the row;
updating the signal voltages for each pixel in the
row, where required, using the error values; and
supplying the updated signal voltages to the pix-
els.
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Patentansprüche

1. Elektrolumineszenzanzeige (2) mit aktiver Matrix,
welche aufweist:

- eine Matrix von Anzeigepixeln (4), welche in
Zeilen (6) und Spalten (8) angeordnet sind, wo-
bei jedes Pixel ein Elektrolumineszenzanzeige-
element (10) und ein Schaltmittel (12) zur Steue-
rung des Stroms durch das Anzeigeelement auf
Grund einer, an das Pixel angelegten Signal-
spannung aufweist, wobei jede Zeile von Pixeln
eine gemeinsame Leitung (20) nutzt, wobei
Ströme, die entlang der gemeinsamen Leitung
durch die Anzeigeelemente einer Zeile von Pi-
xeln fließen, verschiedene Spannungen entlang
der gemeinsamen Signalleitung erzeugen; so-
wie
- eine Ansteuerschaltung (32), um Signalspan-
nungen entsprechend gewünschten Ausgangs-
signalen von den Anzeigeelementen zu erzeu-
gen und Signalspannungen an Zeilen von Pixeln
der Reihe nach anzulegen, dadurch gekenn-
zeichnet, dass die Anzeige weiterhin aufweist:
- Mittel (34), um Fehlerwerte für jedes Pixel in
einer Zeile von zu adressierenden Pixeln zu er-
zeugen, welche von der Modellierung einer Zei-
le von Pixeln abgeleitet werden, wobei bei der
Modellierung die an die Pixeln in der Zeile an-
zulegenden Signalspannungen und die Fehler-
werte, welche verwendet werden, um die ver-
schiedenen Spannungen auf der gemeinsamen
Leitung nachzuweisen, berücksichtigt werden;
- Mittel (33, 34), um, wenn erforderlich, die Si-
gnalspannungen für jedes Pixel in der Zeile von
zu adressierenden Pixeln unter Verwendung
der Fehlerwerte zu aktualisieren; sowie
- Mittel (33,34), um den Pixeln die aktualisierten
Signalspannungen zuzuführen.

2. Anzeige nach Anspruch 1, wobei das Anzeige-
element und das Schaltmittel in Reihe zwischen ei-
ner Spannungsversorgungsleitung für die Anzeige-
elemente und der gemeinsamen Leitung, welche zur
Stromentnahme dient, angeordnet sind.

3. Anzeige nach Anspruch 2, wobei jeder Zeile von Pi-
xeln eine Adressenleitung (18) zugeordnet ist und
jedes Pixel einen Adressenschalter (16) aufweist,
welcher von der Adressenleitung gesteuert wird, um
die aktualisierten Signalspannungen an das Schalt-
mittel anzulegen.

4. Anzeige nach einem der vorangegangenen Ansprü-
che, wobei jedes Pixel weiterhin ein Ladungsspei-
cherelement (26) aufweist, um eine von der aktuali-
sierten Signalspannung an dem Schaltmittel abge-
leitete Steuerspannung zu halten.

5. Anzeige nach einem der vorangegangenen Ansprü-
che, wobei die Modellierung eine Modellierung des
Widerstands pro Längeneinheit der gemeinsamen
Leitung sowie der entlang der gemeinsamen Leitung
auf Grund der an die Anzeigeelemente angelegten
Signalspannungen fließenden Ströme umfasst.

6. Verfahren zur Steuerung einer Elektrolumineszenz-
anzeige (2) mit aktiver Matrix, welche eine Matrix
von Elektrolumineszenzanzeigepixeln (4) aufweist,
die in Zeilen (6) und Spalten (8) angeordnet sind,
wobei jede Zeile von Pixeln eine gemeinsame Lei-
tung (20) nutzt, Ströme durch die Anzeigeelemente
einer Zeile entlang der gemeinsamen Leitung fließen
und dadurch verschiedene Spannung an verschie-
denen Punkten entlang der gemeinsamen Leitung
vorhanden sind, wobei nach dem Verfahren Zeilen
von Pixeln der Reihe nach adressiert und für jede
Zeile von Pixeln Signalspannungen für die Pixel in
der Zeile erzeugt werden, wobei die erzeugten Si-
gnalspannungen gewünschten Pixel-Outputs ent-
sprechen, dadurch gekennzeichnet, dass nach
dem Verfahren weiterhin:

- Fehlerwerte erzeugt werden, welche von der
Modellierung einer Zeile von Pixeln abgeleitet
werden, um die verschiedenen Spannungen auf
der gemeinsamen Leitung nachzuweisen, wo-
bei bei der Modellierung die an die Pixel in der
Zeile anzulegenden Signalspannungen berück-
sichtigt werden,
- die Signalspannungen für jedes Pixel in der
Zeile, wenn erforderlich, unter Verwendung der
Fehlerwerte aktualisiert werden, und
- die aktualisierten Signalspannungen den Pi-
xeln zugeführt werden.

Revendications

1. Dispositif d’affichage électroluminescent à matrice
active (2) comprenant :

un groupement de pixels d’affichage (4) dispo-
sés en lignes (6) et en colonnes (8), chaque pixel
comprenant un élément d’affichage électrolumi-
nescent (10) et des moyens de commutation
(12) pour commander le courant traversant l’élé-
ment d’affichage sur la base d’une tension de
signal appliquée au pixel, chaque ligne de pixels
partageant une ligne commune (20), les cou-
rants à travers les éléments d’affichage d’une
ligne de pixels passant le long de la ligne com-
mune donnant lieu à des tensions différentes le
long de la ligne de signal commune, et
des circuits d’attaque (32) pour générer des ten-
sions de signal correspondant à des sorties sou-
haitées venant des éléments d’affichage, et
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pour appliquer successivement des tensions de
signal à des lignes de pixels, caractérisé en ce
que le dispositif comprend en outre :

des moyens (34) pour générer des valeurs
d’erreur pour chaque pixel dans une ligne
de pixels à adresser dérivées de la modé-
lisation d’une ligne de pixels, la modélisa-
tion tenant compte des tensions de signal
à appliquer aux pixels de la ligne, et les va-
leurs d’erreur étant utilisées pour tenir
compte des tensions différentes sur la ligne
commune;
des moyens (33, 34) pour mettre à jour les
tensions de signal pour chaque pixel de la
ligne de pixels à adresser, le cas échéant,
en utilisant les valeurs d’erreur, et
des moyens (33, 34) pour fournir les ten-
sions de signal à jour aux pixels.

2. Dispositif suivant la revendication 1, dans lequel
l’élément d’affichage et les moyens de commutation
sont de préférence montés en série entre une ligne
de tension d’alimentation pour les éléments d’affi-
chage et la ligne commune, qui sert de drain de cou-
rant.

3. Afficheur suivant la revendication 2, dans lequel une
ligne d’adressage (18) est associée à chaque ligne
de pixels, et chaque pixel comprend un commutateur
d’adressage (16) qui est commandé par la ligne
d’adressage pour commuter les tensions de signal
à jour vers les moyens de commutation.

4. Afficheur suivant l’une quelconque des revendica-
tions précédentes, dans lequel chaque pixel com-
prend en outre un élément de conservation de char-
ges (26) pour conserver une tension de commande
dérivée de la tension de signal à jour sur les moyens
de commutation.

5. Afficheur suivant l’une quelconque des revendica-
tions précédentes, dans lequel la modélisation com-
prend la modélisation de la résistance par unité de
longueur de la ligne commune et des courants cir-
culant le long de la ligne commune à la suite des
tensions de signal appliquées aux éléments d’affi-
chage.

6. Procédé permettant de commander un dispositif
d’affichage électroluminescent à matrice active (2)
comprenant un groupement de pixels d’affichage
électroluminescents (4) disposés en lignes (6) et en
colonnes (8), chaque ligne de pixels partageant une
ligne commune (20), des courants à travers les élé-
ments d’affichage d’une ligne passant le long de la
ligne commune, des tensions différentes étant de ce
fait présentes en des points différents le long de la

ligne commune, le procédé comprenant l’adressage
successif de lignes de pixels et, pour chaque ligne
de pixels, la génération de tensions de signal pour
les pixels de la ligne, les tensions de signal générées
correspondant à des sorties de pixel souhaitées, ca-
ractérisé en ce que le procédé comprend en outre :

la génération de valeurs d’erreur dérivées de la
modélisation d’une ligne de pixels pour tenir
compte des tensions différentes sur la ligne
commune, la modélisation tenant compte des
tensions de signal à appliquer aux pixels de la
ligne;
la mise à jour des tensions de signal pour cha-
que pixel de la ligne, le cas échéant, en utilisant
les valeurs d’erreur, et
la fourniture des tensions de signal à jour aux
pixels.
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