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AUTOMATIC ADAPTATION OF THE PRECHARGE VOLTAGE OF AN
ELECTROLUMINESCENT DISPLAY

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to electroluminescent display matrix
screens formed of a set of light-emitting diodes. These are for example
screens formed of organic diodes (“OLED”, for Organic Light Emitting Display)
or polymer diodes (“PLED” for Polymer Light Emitting Display). The present
invention more specifically relates to the regulation of the precharge voltage of

the control circuits of the light-emitting diodes of such screens.

Discussion of the Related Art

Fig. 1 shows an example of a matrix screen 10 with light-emitting diodes.
Each pixel of screen 10 is formed of a light-emitting diode 12. Diodes 12 are
arranged in Y lines and X columns. The cathodes of diodes 12 of a same line
are connected to a line electrode 14, and the anodes of diodes 12 of a same
column are connected to a column electrode 16.

The display of an image on screen 10, according to currently-used
standards, is obtained by the display of a frame or of two successive frames.
On display of a frame, the addressing of matrix screen 10 is performed line
after line via a circuit for controlling lines 18 (commonly called a line driver).
The electrode of line 14 of the selected or active line is connected to ground
while the line electrodes of the inactive lines are left at high impedance or are
connected to a high voltage. Simultaneously, the information corresponding to
the activation or to the non-activation of diodes 12 of the active line will be
transmitted by column electrodes 16 via a circuit for controlling columns 20
(commonly called a column driver) which injects a current into column
electrodes 16 connected to diodes 12 to be activated.

Fig. 2 shows a more specific modeling of a pixel of matrix screen 10 of

Fig. 1. Each pixel is formed of a non-resistive and non-capacitive light-emitting

diode 12 in parallel with a stray capacitor 22. For a 300-um?2 pixel formed of
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an organic or polymer light-emitting diode, such a stray capacitor may have a
capacitance on the order of 25 picofarads. A first resistor 24 in series with
diode 12 represents the resistance of the portion of column electrode 16
connected to the pixel. A second resistor 25 in series with diode 12 represents
the resistance of the portion of line electrode 14 connected to the pixel.

Due to the very capacitive character of the pixels, part of the current in
the activation of a pixel will first be necessary to charge stray capacitor 22 to
the voltage at which diode 12 must operate. A portion only of the current is
thus used for the light emission. The Iluminance of diode 12 will be
proportional to the average time during which diode 12 carries a current and to
the average value of this current. As an example, the power consumption of
an activated pixel of a matrix display with organic light-emitting diodes can be
broken out into a power consumption for the light emission of diode 12 of the
pixel, which amounts to approximately 57% of the total power consumption, a
parasitic power consumption, of approximately 40%, linked to the capacitive
character of the pixel, and a resistive power consumption, of approximately 3%,
linked to series resistors 24, 25 of the pixel.

The time required to charge the stray capacitance 22 associated with the
pixel defines the turn-on duration of the pixel and reduces the duration of the
active phase corresponding to the light emission of the pixel. The turn-on
duration especially depends on the intensity of the current provided to the pixel
to be activated. The global duration of a pixel addressing phase being
constant, the longer the turn-on duration, the lower the achieved luminance will
be for a same current flowing through diode 12.

To solve such a disadvantage, a precharge of all the pixels of a matrix
display 10 can be performed before selection of a screen line. The addressing
with precharge enables biasing each pixel of screen 10 to a voltage close to
that that it would have if it was active so that the current injected into a diode 12
to be activated is only used for the light emission and not for charging stray
capacitance 22 of the pixel.

Figs. 3A to 3C describe successive steps of an addressing with

precharge of the pixels.
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In Figs. 3A to 3C, a single column electrode 16 of screen 10 of Fig. 1
has been shown and a single pixel 26, connected to column electrode 16,
which is desired to be activated, has been isolated. Pixel 26 is represented by
a diode 12 and an associated stray capacitance 22 (parasitic resistors 24, 25
are not shown). Line electrode 14 connected to pixel 26 has been shown and
the other line electrodes of screen 10 have been symbolized by a single branch
14’ connected to the anode of diode 12. A capacitor 22’ is shown on branch
14’ and is equivalent to the assembly of the stray capacitors in parallel of the
pixels connected to column electrode 16 and to the other line electrodes of
screen 10. The capacitance of capacitor 22’ is substantially equal to (Y-1)
times the capacitance of a stray capacitor 22.

Only the specific elements of the column control circuit 20 associated
with the considered column electrode 16 have been shown, knowing that such
elements are identical for each column electrode of screen 10.

Line control circuit 18 comprises two switches 27, 28 enabling
connecting line electrode 14 alternately to ground GND or to a high voltage

VOFF- Only line electrode 14 being activated, for the other screen lines, the

line control circuit has been symbolized by two switches 27', 28' enabling

connection of branch 14’ alternately to ground GND or to high voltage VoFE.

Column control circuit 20 comprises three switches 31, 32, 33 enabling
connection of column electrode 16 alternately to ground GND, to a precharge

voltage VpRE, or to a first terminal of a current source I ym. The second
terminal of current source || )\ is connected to a bias voltage source Vp.

Fig. 3A shows a first step of an addressing with precharge consisting,
between the successive selection of two lines of screen 10, of discharging all
the pixels of screen 10. All the screen lines are then inactive, which means
that all line electrodes 14, 14’ of screen 10 are connected to high voltage
VOFF- Each column electrode 16 is then connected to ground GND, via

switch 31, to discharge stray capacitors 22, 22’ of all the pixels connected to
column electrode 16.
Fig. 3B shows a second step consisting, before selection of a line, of

charging all the pixels of screen 10. All line electrodes 14, 14’ remain
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connected to high voltage Voff. Each column electrode 16 is brought to a
precharge voltage VpRE via switch 32. Stray capacitor 22 of each pixel is
then precharged to voltage VPRe-VOFE. Precharge voltage VpRE is close to

the voltage at which column electrode 16 may operate on activation of pixels at
the next step.

Fig. 3C show a third step, or active phase, corresponding to the
activation of pixel 26. Line electrode 14 connected to pixel 26 to be activated
is connected to ground GND via switch 27. Line electrodes 14’ of the inactive

lines remain connected to high voltage VofFp. Current source I ym is

connected to pixel 26 via switch 33. A current can thus flow through diode 12

which emits light. Current source || ym only has to charge capacitor 22 having

a capacitance which is (Y-1) times as small as the capacitance of capacitor 22’,
which very slightly affects the turn-on time of diode 12. The voltage on the

anode of diode 12 settles at an operating voltage VcoL.

The first discharge step aims at discharging the stray capacitors 22 of all
the screen pixels to erase the residual charges of the pixels which might result
from the activation of pixels of screen 10 at previous steps.

The second precharge step enables reducing the turn-on duration of the
pixel to obtain an active phase duration which is substantially independent from
the intensity of the lighting, that is, from the intensity of the current flowing
through the diodes in active phase.

It is also possible to only perform a precharge of the screen columns to
be activated, as described in US patent application N°5594468.

The light-emitting diodes of a screen are not identical and, for a same
luminance current, the voltage across activated diodes may be different.
However, since such differences are generally relatively small, the same
precharge voltage is applied to each selected column to simplify the column
control circuit.

Conventionally, the precharge voltage is predefined, for example,
empirically, and remains constant during the screen operation. However, a
predefined precharge voltage is generally not optimal. Indeed, the operating

voltage of a selected column may significantly vary according to luminance
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current I ym that can change for each selected line. Further, for a same

luminance current flowing through a light-emitting diode, the voltage across the
diode tends to increase along with the diode aging. For a same luminance,
corresponding to a given luminance current, the operating voltage of the
column thus varies along time.

Upon selection of a column, the voltage applied onto the selected
column switches from the precharge voltage to the operating voltage. The
precharge voltage can thus not be too distant from the operating voltage of the
column to avoid modifying the luminosity of the activated light-emitting diode.
Indeed, if the precharge voltage is too high, too high a current must temporarily
be conducted by the activated light-emitting diode, the active line then
appearing with a light intensity greater than the desired light intensity.
Conversely, if the precharge voltage is too small, the voltage of each selected
column must rise from the precharge voltage up to the operating voltage. The
current flowing through the active light-emitting diode may be temporarily
smaller than the desired value, the active line then appearing with a light
intensity smaller than the desired light intensity.

Summary of the invention

An object of the present invention is to provide a circuit for controlling a
matrix display comprising a device that provides a precharge voltage which
depends on the operating voltages of the columns.

Another object of the present invention is to provide a circuit for
controlling a matrix display comprising a device for providing a precharge
voltage of simple design.

To achieve these and other objects, the present invention provides a
circuit for controlling a matrix display formed of light-emitting diodes distributed
in lines and columns, capable of successively selecting lines of the screen and,
for each line of a set of selected lines, of selecting columns to turn on the light-
emitting diodes of said line and of said selected columns, the voltage of each
selected column settling at an operating voltage, said circuit being further
capable, before selection of each line from said set of lines, of precharging at

least said columns to be selected to a precharge voltage. The control circuit
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comprises a device for adjusting the precharge voltage comprising a
measurement circuit capable, on each selection of a line from said set of lines,
of measuring the maximum operating voltage among the operating voltages of
said selected columns; a storage circuit capable, on each selection of a line
from said set of lines, of storing the maximum measured operating voltage; and
an adjustment circuit capable, after each selection of a line from said set of
lines, of adjusting the precharge voltage based the maximum stored operating
voltage.

According to an embodiment of the present invention, the measurement
circuit is capable, on each selection of a line from said set of lines, of
measuring the maximum voltage from among the voltages of the columns of
the matrix display, the measurement circuit comprising a protection circuit
capable of deactivating the measurement circuit for each column associated
with a non-conductive light-emitting diode.

According to an embodiment of the present invention, the storage circuit
is capable of keeping the measurement of the maximum operating voltage for
at least the duration of the display of an image on the matrix display in the
absence of a new maximum operating voltage measurement.

According to an embodiment of the present invention, the control circuit
comprises a current mirror comprising a reference branch and several
duplication branches connected to a bias voltage, each duplication branch
being connected to a column, the reference branch being connected to a
source of a reference current.

According to an embodiment of the present invention, each branch of the
current mirror comprises a field-effect PMOS-type duplication transistor having
its source connected to the bias voltage, the gates of the transistors of each
branch being connected together, the drain and the gate of the transistor of the
reference branch being connected to the reference current source, the drains of
the transistors of the duplication branches being connected to the columns.

According to an embodiment of the present invention, the measurement
circuit comprises, for each column, a field-effect PMOS-type protection
transistor having its source connected to the bias voltage and having its drain

connected to the drain of the duplication transistor and a field-effect NMOS-
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type measurement transistor having its drain connected to the protection
transistor and having its gate connected to the column, the sources of the
measurement transistors being connected to a measurement point.

According to an embodiment of the present invention, the storage circuit
comprises a capacitor having a terminal connected to the measurement point
via a switch.

The present invention also provides a method for adjusting a precharge
voltage of a control circuit of a matrix display formed of light-emitting diodes
distributed in lines and in columns, comprising the step of successively
selecting lines of the matrix display and of repeating, for each line from a set of
selected lines, the steps of precharging columns to the precharge voltage;
selecting said line; selecting columns to turn on the light-emitting diodes of said
line and of said selected columns, the voltage of each selected column settling
at an operating voltage; measuring the maximum operating voltage among the
operating voltages of said selected columns; storing said maximum operating
voltage; and adjusting the precharge voltage from the maximum stored
operating voltage.

According to an embodiment of the present invention, the step of
measurement of the maximum operating voltage comprises the steps of

providing a circuit capable, on each selection of a line from said set of lines,

- measuring the maximum voltage from among the column voltages of the matrix

display and of deactivating the measurement circuit for each column associated
with a non-conductive light-emitting diode.

According to an embodiment of the present invention, said maximum
operating voltage is stored for at least the duration of the display of an image
on the matrix display in the absence of a new measurement of the maximum
operating voltage.

The foregoing and other objects, features, and advantages of the
present invention will be discussed in detail in the following non-limiting
description of specific embodiments in connection with the accompanying

drawings.

Brief Description of the Drawings
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Fig. 1, previously described, shows a matrix display with light-emitting
diodes;

Fig. 2, previously described, shows a modeling of a pixel of a light-
emitting diode matrix display;

Figs. 3A to 3C, previously described, illustrate successive steps of a
conventional method for displaying an image on the screen of Fig. 1; and

Fig. 4 illustrates an example of the forming of a device for providing the
precharge voltage according to the present invention.

Detailed Description

Fig. 4 shows an example of the forming of column control circuits and of
the precharge voltage provision device according to the present invention.
The columh control circuits comprise a current mirror 40 formed in the

present example of a reference branch bref and of n duplication branches b4 to
bh. Each branch is formed of a PMOS transistor, Prgf for the reference
branch and P4 to Pp, for branches b4 to bn. The sources of the transistors of
each of the branches are connected to bias voltage Vpg and the gates are
interconnected. The drain and the gate of transistor Pygf of reference branch
bref are connected to a source of a PMOS power transistor Xref. The drain of
transistor Xyef is connected to a terminal of a reference current source 42 at a
point Cref. The other terminal of current source 42 is connected to a low ref-
erence voltage, for example, ground GND. The gate of power transistor Xef
is connected to point Cref. Reference current source 42 provides a luminance
current I ym- The drain of each transistor Pj, i ranging between 1 and n, is
connected to the source of a PMOS power transistor Xj having its drain
connected to a point Cj of a column electrode (not shown). Each power
transistor, X;ef and X1 to Xp, enables limiting the voltage between the source
and the drain of the transistor, Pref and P4 to Pp, corresponding to the
operating range of this transistor. The gate of each power transistor X;, i

ranging between 1 and n, is connected to a terminal of a switch |; with two
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positions, controlled by a signal ¢c;j, capable of connecting the gate of transistor
X to reference point Cref When signal ¢c;j is for example at a high level or to
bias voltage Vpgo| when signal ¢¢j is at a low level. When signal ¢cj is high,
transistor Xj is on and the voltage between point Cj and the ground settles at

the operating voltage of the column. The control circuits further comprise, for

each column, a switch (not shown) capable of connecting point C; to ground
GND and a switch (not shown) capable of connecting point C; to the precharge

voltage.
The present invention comprises providing, for each duplication branch

bj, i ranging between 1 and n, a measurement circuit mj comprising a PMOS
transistor P’j, having its source connected to bias voltage Vpg| and having its
gate connected to the drain of transistor P; of the corresponding duplication
branch bj. The drain of each transistor P’j is connected to the source of a
PMOS power transistor X'j having its gate connected to the gate of power
transistor Xj of the corresponding duplication branch bj. Power transistor X’i

enables limiting the voltage between the source and the drain of the associated

transistor P’j within the operating range of this transistor. The drain of each
power transistor X’j is connected to the drain of a follower-assembled NMOS
transistor N; having its gate connected to point C;. The sources of transistors
N1 to N are connected, at a point Cq, to a terminal of a current source 44

having its other terminal connected to ground GND. Current source 44
provides a bias current Ipg| for the biasing of NMOS transistors N1 to Nj,. A

switch 46, controlled by a signal ToN, enables connecting point Cy to a
terminal of a capacitor CHop having its other terminal connected to ground
GND. The voltage across capacitor CHoLp drives an amplifier 48 which
provides precharge voltage VpRE.

The operation of such a circuit is the following. Before a phase of
activation of a screen line, all the columns, or only the columns to be selected

at the next activation phase, are charged to precharge voltage VpRg. In the
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activation phase, signals ¢c1 to ¢cpn are at the high state for the selected

columns and at the low states for the other columns. The voltage between

point C; of a selected column and the ground settles at the operating voltage of
the column. Transistors Ny to N, being follower-assembled, the voltage
between point Cq and ground GND is equal to the highest voltage among the
voltages between points Cq to C, and ground GND. Switch 46 is then turned
on and the voltage between node C, and ground GND is applied across
capacitor CHoLD. Switch 46 is turned on only when at least one pixel of a line

is lit. The on duration of switch 46 may vary but does not exceed the duration

of a screen line activation phase to avoid discharge of capacitor CHop with
current IpoL. Based on the voltage maintained across capacitor CHOLD,
amplifier 48 provides a new precharge voltage VpRg which is used at the next

column precharge step.

For a non-selected column, transistor X; is off and the corresponding
point Cj is grounded. Transistor Nj is then off. The voltage between point C;

and ground GND is thus not taken into account for the determination of

precharge voltage VpRE.
The present invention thus enables adjusting precharge voltage VpRE

according to the time variations of the operating voltages of the screen diodes.
The device according to the present invention further enables providing a

precharge voltage VpRE independently from the presence of defects of “open”

pixel or “short-circuited” pixel type. An “open” pixel corresponds to a cutting in
the connection between the column and the anode of the light-emitting diode of
the pixel or to a cutting in the connection between the line and the cathode of
the light-emitting diode. A “short-circuited” pixel corresponds to a short-circuit
between the line and the column at the pixel level.

In the case of an “open” pixel, for example, the pixel of the column

associated with point Cq, when power transistor X4 is on, the column being
open and at high impedance, the voltage at the drain of transistor P rises up to

bias voltage Vpo|. The voltage on the gate of transistor P’4 is then equal to
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bias voltage VpoL and transistor P’y is off. No current then flows through
transistor P’q. Transistor N¢ is then no longer supplied and cannot charge
capacitor CHoLp- The voltage between point C1 and ground GND is thus not
taken into account for the determination of precharge voltage VpRg. If the
drain of transistor Ny was directly connected to bias voltage VpQ|, the voltage
at the source of transistor N1 would then be equal to the difference between
voltage VpQL and the gate-source voltage of transistor N1 and the voltage
obtained at point Co would be incorrect. Transistor P’y thus enables not

taking into account the operating voltage of an “open” pixel column.
In the case of a short-circuited pixel, for example, the pixel of the column

associated with point C4, point C4 is directly grounded. Transistor N1 is thus
off. The voltage between point C{ and ground GND is thus not taken into
account for the determ\ination of precharge voltage VpRE.

The capacitance of capacitor CHQLD is sufficiently high to limit leakages
at the level of capacitor CHQLD at least for the duration corresponding to the

activation of all the screen lines. This enables providing a correct precharge

voltage VpRE even in the case where a single screen line is lit on display of an

image on screen.

Of course, the present invention is likely to have various alterations,
modifications, and improvements which will readily occur to those skilled in the
art. In particular, the current mirrors may be formed with a greater number of
transistors.

Such alterations, modifications, and improvements are intended to be
part of this disclosure, and are intended to be within the spirit and the scope of
the present invention. Accordingly, the foregoing description is by way of
example only and is not intended to be limiting. The present invention is
limited only as defined in the following claims and the equivalents thereto.
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CLAIMS

1. A circuit for controlling a matrix display formed of light-emitting
diodes distributed in lines and columns, capable of successively selecting lines
of the screen and, for each line of a set of selected lines, of selecting columns
to turn on the light-emitting diodes of said line and of said selected columns, the
voltage of each selected column settling at an operating voltage, said circuit
being further capable, before selection of each line from said set of lines, of
precharging at least said columns to be selected to a precharge voltage, and
comprising a device for adjusting the precharge voltage (VPRE) comprising:

a measurement circuit (mi) capable, on each selection of a line from said
set of lines, of measuring the maximum operating voltage among the operating
voltages of said selected columns;

a storage circuit (CHOLD) capable, on each selection of a line from said
set of lines, of storing the maximum measured operating voltage; and

an adjustment circuit (48) capable, after each selection of a line from
said set of lines, of adjusting the precharge voltage based on the maximum
stored operating voltage.

2. The control circuit of claim 1, wherein the measurement circuit (mi)
is capable, on each selection of a line from said set of lines, of measuring the
maximum voltage from among the voltages of the columns of the matrix
display, the measurement circuit comprising a protection circuit (P’i) capable of
deactivating the measurement circuit for each column associated with a non-
conductive light-emitting diode.

3.  The control circuit of claim 1, wherein the storage circuit (CHOLD)
is capable of keeping the measurement of the maximum operating voltage for
at least the duration of the display of an image on the matrix display in the
absence of a new maximum operating voltage measurement.

4. The control circuit of claim 1, comprising a current mirror (40)
comprising a reference branch (bref) and several duplication branches (b1 to
bn) connected to a bias voltage (VPOL), each duplication branch being
connected to a column, the reference branch being connected to a source of a

reference current (42).
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5. The control circuit of claim 4, wherein each branch (bi) of the
current mirror comprises a field-effect PMOS-type duplication transistor (Pi)
having its source connected to the bias voltage (VPOL), the gates of the
transistors of each branch being connected together, the drain and the gate of
the transistor of the reference branch being connected to the reference current
source (42), the drains of the transistors of the duplication branches being
connected to the columns.

6. The control circuit of claim 5, wherein the measurement circuit (mi)
comprises, for each column, a field-effect PMOS-type protection transistor (P’i)
having its source connected to the bias voltage (VPOL) and having its drain
connected to the drain of the duplication transistor and a field-effect NMOS-
type measurement transistor (Ni) having its drain connected to the protection
transistor and having its gate connected to the column, the sources of the
measurement transistors being connected to a measurement point (Co).

7. The control circuit of claim 6, wherein the storage circuit comprises
a capacitor (CHOLD) having a terminal connected to the measurement point
(Co) via a switch (46).

8. A method for adjusting a precharge voltage (VPRE) of a control
circuit of a matrix display formed of light-emitting diodes distributed in lines and
in columns, comprising the step of successively selecting lines of the matrix
display and of repeating, for each line from a set of selected lines, the steps of:

precharging columns to the precharge voltage;

selecting said line;

selecting columns to turn on the light-emitting diodes of said line and of
said selected columns, the voltage of each selected column settling at an
operating voltage;

measuring the maximum operating voltage among the operating
voltages of said selected columns;

storing said maximum operating voltage; and

adjusting the precharge voltage based on the maximum stored operating
voltage.

9. The method of claim 8, wherein the step of measurement of the

maximum operating voltage comprises the steps of providing a circuit (Ni)
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capable, on each selection of a line from said set of lines, measuring the
maximum voltage from among the column voltages of the matrix display and of
deactivating the measurement circuit for each column associated with a non-
conductive light-emitting diode.

10. The method of claim 8, wherein said maximum operating voltage is
stored for at least the duration of the display of an image on the matrix display

in the absence of a new measurement of the maximum operating voltage.

ABSTRACT

A circuit for controlling a matrix display formed of light-emitting diodes,
capable of successively selecting lines of the screen and, for each line from a
set of selected lines, of selecting columns, the voltage of each selected column
settling at an operating voltage. The circuit is capable, before selection of
each line from said set of lines, of precharging at least the columns to be
selected to a precharge voltage. The circuit includes a device for adjusting the
precharge voltage including a measurement circuit capable, on each selection
of a line from said set of lines, of measuring the maximum operating voltage
from among the operating voltages of the selected columns; a circuit capable of
storing the maximum measured operating voltage; and a circuit capable of
adjusting the precharge voltage based on the maximum stored operating

voltage.

Fig. 4
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