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1
LIQUID CRYSTAL DISPLAY DEVICE

The invention relates to a liquid crystal display device
comprising a first substrate provided with electrodes and a
second substrate provided with electrodes, and a twisted
nematic liquid crystal material between the two substrates,
in which, viewed perpendicularly to the substrates, overlap-
ping parts of the electrodes define pixels.

Liquid crystal display devices of this type are generally
known and are used, for example, in display screens for
alphanumerical display devices in, for example, computing
apparatus and measuring apparatus but also in car radios and
telephone apparatus.

The operating voltage is adjusted after the manufacture
of such liquid crystal display devices. This is usually
effected via an external circuit because it is different for each
display device due to different behavior of, for example, the
liquid crystal material or other parts in the display device.
This adjustment involves an extra operation which renders
the whole manufacture extra expensive.

The use of such liquid crystal display devices may also
cause problems at a varying ambient temperature because
characteristic values such as threshold voltage and saturation
voltage are temperature-dependent for the liquid crystal
material. To be able to use the liquid crystal display devices
in a wide temperature range, the drive voltages are usually
adapted, dependent on the temperature. However, this means
that the drive voltages are chosen from a fairly large voltage
range, which requires a high power supply voltage for the
drive electronics. Notably in portable apparatus, such as said
measuring apparatus and telephone apparatus, which are
usually battery-fed, this may lead to problems. Moreover,
temperature-sensitive resistors whose resistance varies lin-
early with the temperature are often used for this correction.
Since notably the variation of the switching voltage of the
liquid crystal material is not always linear, an entirely
correct adaptation of the switching voltage at varying tem-
peratures will not always take place.

It is, inter alia, an object of the present invention to
largely obviate one or more of the above-mentioned prob-
lems. It is another object of the invention to provide a liquid
crystal display device, notably based on the STN effect
(twist angles between 150 and 360°) which can be used in
a wide temperature range.

To this end, a liquid crystal display device according to
the invention is characterized in that the display device is
provided with means for adjusting the operating voltage of
the liquid crystal display device in dependence upon the
switching behavior of a measuring element.

Said means provide the possibility of automatically
adjusting the operating voltage, so that said extra step is
superfluous.

Moreover, the adjusted operating voltage is thereby
optimal so that a minimal quantity of unnecessary power is
used.

A first embodiment of a liquid crystal display device
according to the invention is characterized in that the means
for adjusting the operating voltage of the display device
comprise means for measuring the capacitance of the mea-
suring element.

However, capacitance measurements cannot easily be
integrated in a drive IC of a liquid crystal display device.

A preferred embodiment of a liquid crystal display
device according to the invention is therefore characterized
in that the means for adjusting the operating voltage of the
display device comprise means for raising the operating
voltage and simultaneously measuring the switching current
in the measuring element.
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These and other aspects of the invention are apparent
from and will be elucidated with reference to the embodi-
ments described hereinafter.

In the drawings:

FIG. 1 is a diagrammatic cross-section of a part of the
display device, together with a diagrammatic representation
of the drive section,

FIG. 2 roughly shows the dependence of the current
through a (measuring element) pixel (the capacitance of a
(measuring element) pixel, respectively) as a function of the
effective voltage (V,,,,) across the pixel,

FIG. 3 shows the derivative of the function as shown in
FIG. 2,

FIG. 4 shows a possible signal for activating a measuring
clement, while

FIGS. 5 to 7 show possible derived signals for the
purpose of detection, and

FIG. 8 shows diagrammatically a part of the voltage
control.

The Figures are diagrammatic and not drawn to scale.
Corresponding elements are generally denoted by the same
reference numerals.

FIG. 1 is a diagrammatic cross-section of a part of a
liquid crystal display device, comprising a liquid crystal cell
1 with a twisted nematic liquid crystal material 2 present
between two supporting plates or substrates 3 and 4 of, for
example, glass or quariz, with selection electrodes 5 and
data electrodes 6 in this embodiment. The liquid crystal
material (for example, MLC3700 of the firm of Merck) has
a positive optical anisotropy, a positive dielectric anisotropy
and a low threshold voltage in this case. If necessary, the
device comprises polarizers (not shown) whose directions of
polarization are, for example, mutually crossed perpendicu-
larly. The device further comprises orientation layers 7, 8
which orient the liquid crystal material on the inner walls of
the substrates in such a way that the twist angle is, for
example, 270°. The display device is of the passive type but
may also be provided with active switching elements which
connect picture electrodes to drive electrodes.

In the drive section 10, incoming information 111 is
processed, if necessary, and stored in a data register 12, and
presented to the data electrodes 6 via data signal lines 16.
Pixels, here arranged in rows and columns, are selected by
consecutively selecting row electrodes 5 which are con-
nected to a multiplex circuit 14 via row signal lines 15.
Mutual synchronization between the multiplex circuit 14
and the data register 12 is ensured by the line 15. After all
row electrodes have been selected, this selection is repeated.
The display device is also provided with a power supply
source 17 shown diagrammatically, which supplies, inter
alia, the operating voltage of the liquid crystal display
device.

According to the invention, the display device also
comprises a measuring element 9 which is shown diagram-
matically and is connected via signal lines 19 to a control
section 13 of the drive section 10 indicated by broken lines.
A pixel, whose kind of measuring value to be described is
periodically measured, may also be used as a measuring
element. The variation of the current I through such a
measuring clement (pixel) as a function of the effective
voltage (V,,) across the measuring element (pixel) is
shown in FIG. 2. The solid-line curve shows the actually
measured curve, whereas the broken line curve represents an
idealized curve. The units on the Y axis are scaled. A similar
curve applies to the capacitance C of the measuring element.

As regards shape, these curves can be compared with the
transmission/voltage characteristic of the pixels. Notably,
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the voltage associated with the steepest part of the transition
and hence the peak of the differentiated curve as shown in
FIG. 3 corresponds to the voltage value Vs,, which is the
value where the transmission is 50% of the maximum
transmission; this value is directly coupled to other charac-
teristic values such as the threshold voltage or the saturation
voltage in the transmission/voltage characteristic of the
display device. This value is particularly coupled to the
operating voltage V,,, and drive voltages derived therefrom.

In the control section 13, a square-wave voltage (a, FIG.
4) rising in effective value is generated in a voltage generator
at an appropriate instant, for example, by mixing a square-
wave (b in FIG. 4) and a ramp voltage (¢ in FIG. 4), which
voltage is applied to a measuring element 23 via signal lines
19" during one or more frame periods t. FIG. 5 shows the
associated current through the measuring element which is
measured in measuring unit 21 via signal lines 19. The
differential circuit 22 determines the derived current, as is
shown in FIG. 6. The value of the derived current is applied
to computing unit 24. A sawtooth voltage related to said
ramp voltage (c in FIG. 4) is also applied from measuring
element 23 to the computing unit 24. The computing unit 24
is adapted in such a way that the occurrence of the maximum
value in the derived current, as shown in FIG. 6, is related
to a coincident voltage of the sawtooth voltage and hence of
the presented V,,.. In this way, an indication (analog or
digital) for Vi, is obtained, which is fed back via the line 25
to the power supply unit 17 in which the operating voltage
is adjusted on the basis of the indication obtained. In the
(diagrammatic) example of FIGS. 5 to 7, the value of V is
higher during the frame period tz, than during the frame
period t; and the operating voltage will be raised (in this
example).

The invention is of course not limited to the embodiment
shown, but several variations are possible within the scope
of the invention. For example, intermittent measurements
may take place, with V¢, not being determined during each
frame period but, for example, once per n frame periods
(0>100). Notably in the latter case, a pixel may be used for
measuring so that it is not necessary to provide an extra
measuring element. Where in this example, the calibration
point is determined by V,, other points on the curve in FIG.
3 may be chosen alternatively, for example, the points V,
and/or V, which are related to, for example, the on and off
voltages of a display element. Several variations are also
possible for realizing the control section 13.

The protective scope of the invention is not limited to the
embodiments shown. The invention resides in each and
every novel characteristic feature and each and every com-
bination of characteristic features. Any reference numerals
in the claims do not limit their protective scope. The use of
the verb “to comprise” and its conjugations does not exclude
the presence of elements other than those stated in the
claims. The use of the indefinite article “a” or “an” preceding
an element does not exclude the presence of a plurality of
such elements.

What is claimed is:

1. A liquid crystal display device, comprising:

a first substrate provided with one or more first electrodes,

a second substrate provided with one or more second

electrodes, and
a twisted nematic liquid crystal material between the two
substrates, in which, viewed perpendicularly to the
substrates, overlapping parts of the electrodes define
pixels,

wherein the display device is provided with means for
adjusting an operating voltage of the liquid crystal
display device by:
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supplying an input voltage to a measuring element
positioned between the first and second substrates;

measuring a current through the measuring element, the
current based on the input voltage;

determining a derived current using the measured cur-
rent; and

adjusting the operating voltage using the derived cur-
rent; and
wherein the means for adjusting are capable of adjusting
the operating voltage using the derived current by:
identifying a maximum value in the derived current;
and

identifying a voltage in a sawtooth voltage signal that
is coincident with the maximum value in the derived
current, the identified voltage in the sawtooth voltage
signal comprising the operating voltage of the liquid
crystal display device.

2. A liquid crystal display device as claimed in claim 1,
wherein the means for adjusting the operating voltage or the
display device comprise means for measuring a current
through the measuring element.

3. A liquid crystal display device as claimed in claim 2,
wherein the means for adjusting the operating voltage of the
display device comprise means for raising the operating
voltage and measuring a peak current through the measuring
element.

4. A liquid crystal display device as claimed in claim 1,
wherein the means for adjusting the operating voltage of the
display device comprise means for measuring a capacitance
of the measuring element.

5. A liquid crystal display device as claimed in claim 1,
wherein the measuring element comprises a portion of the
liquid crystal material.

6. A liquid crystal display device, comprising:

a first substrate provided with one or more first electrodes;

a second substrate provided with one or more second
electrodes; and

a twisted nematic liquid crystal material between the two
substrate, in which, viewed perpendicularly to the
substrates, overlapping parts of the electrodes define
pixels;

wherein the display device is provided with means for
adjusting an operating voltage of the liquid crystal
display device based on one or more measurements
involving a measuring element positioned between the
first and second substrates, the means for adjusting the
operating voltage of the display device comprising
means for raising the operating voltage and simulta-
neously measuring the current through the measuring
element.

7. A liquid crystal display device, comprising:

a first substrate comprising one or more first electrodes;

a second substrate comprising one or more second elec-
trodes;

a liquid crystal material between the first and second
substrates, wherein at least portions of the electrodes
that overlap when viewed define pixels;

a measuring element positioned between the first and
second substrates; and

a controller operable to adjust an operating voltage of the
liquid crystal display device based on one or more
measurements involving the measuring element by
raising the operating voltage and simultaneously mea-
suring a current through the measuring element.

8. The liquid crystal display device of claim 7, wherein

the one or more measurements measure at least one of:
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a current through the measuring element;
a peak current through the measuring element; and

a capacitance of the measuring element.

9. The liquid crystal display device of claim 7, wherein
the controller is operable to adjust the operating voltage of
the liquid crystal display device at varying ambient tem-
peratures.

10. The liquid crystal display device of claim 7, wherein
the measuring element comprises a portion of the liquid
crystal material.

11. The liquid crystal display device of claim 7, further
comprising a power supply operable to provide the operating
voltage.

12. The liquid crystal display device of claim 7, wherein
the liquid crystal material comprises twisted nematic liquid
crystal material.

13. A liquid crystal display device, comprising:

a first substrate comprising one or more first electrodes;

a second substrate comprising one or more second elec-
trode;

a liquid crystal material between the first and second
substrates, wherein at least portions of the electrodes
that overlap when viewed define pixels;

a measuring element positioned between the first and
second substrates; and

a controller operable to adjust an operating voltage of the
liquid crystal display device based on one or more
measurements involving the measuring element,
wherein the controller is operable to adjust the operat-
ing voltage of the liquid crystal display device such that
a transmission strength of the pixels is fifty percent of
a maximum transmission strength.

14. A method, comprising:

identifying at least one operational characteristic of a
measuring element positioned between a first substrate
and a second substrate of a liquid crystal display
device; and

adjusting an operating voltage of the liquid crystal display
device based on the at least one identified operational
characteristic such that a transmission strength of pixels
in the liquid crystal display device is fifty percent of a
maximum transmission strength.

15. The method of claim 14, wherein the at least one

operational characteristic of the measuring element com-
prises at least one of:

a current through the measuring element;
a peak current through the measuring element; and

a capacitance of the measuring element.

16. The method of claim 14, wherein adjusting the oper-
ating voltage of the liquid crystal display device comprises
adjusting the operating voltage at varying ambient tempera-
tures.

17. The method of claim 14, wherein the measuring
element comprises a portion of a liquid crystal material
between the first and second substrates.

5

10

15

20

25

30

35

40

45

50

55

6

18. The method of claim 14, wherein the liquid crystal
material comprises twisted nematic liquid crystal material.

19. A liquid crystal display device, comprising;

a first substrate provided with one or more first electrodes;

a second substrate provides with one or more electrodes;
and

a twisted nematic liquid crystal material between the two
substrates, in which, viewed perpendicularly to the
substrates, overlapping parts of the electrodes define
pixels;

wherein the display device provided with means for
adjusting an operating voltage of the liquid crystal
display device using a derived current associated with
a current through a measuring element positioned
between the first and second substrates; and

wherein the means for adjusting are capable of adjusting
the operating voltage using the derived current by:
identifying a maximum value in the derived current;
and

identifying a voltage in a sawtooth voltage signal that
is coincident with the maximum value in the derived
current, the identified voltage in the sawtooth voltage
signal comprising the operating voltage of the liquid
crystal display device.
20. The liquid crystal display device of claim 19, wherein:
the input voltage comprises a square-wave voltage signal
mixed with a ramp voltage signal to produce a square-
wave voltage signal rising in effective value; and
the sawtooth voltage signal is related to the ramp voltage
signal.
21. A liquid crystal display device, comprising:
a first substrate provided with one or more first electrodes;
a second substrate provided with one or more second
electrodes;
a twisted nematic liquid crystal material between the two
substrates, in which, viewed perpendicularly to the
substrates, overlapping parts of the electrodes define
pixels; and
an operating voltage adjuster capable of adjusting an
operating voltage of the liquid crystal display device
using a derived current associated with a current
through a measuring element positioned between the
first and second substrates, the operating voltage
adjuster capable of adjusting the operating voltage
using tho derived current by:
identifying a maximum value in the derived current;
and

identifying a voltage in a sawtooth voltage signal that
is coincident with the maximum value in the derived
current, the identified voltage in the sawtooth voltage
signal comprising the operating voltage of the liquid
crystal display device.
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