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(57) ABSTRACT

In a projection display device based on one or more (twisted
nematic) LCDs (4), simple temperature compensation is
possible by optimizing the d.An value (n) at the maximal
operating temperature. The associated transmission/voltage
characteristics at different temperatures then extend substan-
tially parallel so that 1t 1s possible to compensate for tem-

perature changes by means of a simple voltage compensa-
tion.

20 Claims, 2 Drawing Sheets
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TEMPERATURE COMPENSATED COLOR
LCD PROJECTOR

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

The 1invention relates to a projection display device com-
prising at least one liquid crystal display device having a
layer of liquid crystalline material between two supporting
plates provided with electrodes which define at least one
pixel, via which electrodes a voltage can be applied across
the pixel.

A device of this type 1s used, for example, 1n projection
television and for other video applications.

The 1nvention also relates to a liquid crystal display
device for use 1 such a device.

When using liquid crystal display devices for color pro-
jection display, a display panel having, for example, red,
oreen and blue pixels on one panel can be used. The optical
system for this device 1s simpler than for devices 1n which
a separate display device 1s used for each color and 1n which
the resultant pictures are projected one across the other on a
screen. In the latter type 1t 1s possible to design each panel
optimally from an optical point of view by optimizing for
cach of the three colors the optical path length d.An (d:
thickness of liquid crystal layer; An: difference in refractive
index between ordinary and extraordinary wave) for the
central wavelength associated with this color.

At the central wavelength for red, green and blue A, A
and A, such thicknesses d, d ., d; and An values An,, An.
and Ang are chosen that

dgr - Angp
AR

dE -AHE
= = 0.87
AB

d(} . ﬁll(}
A

(or the value of another Gooch and Tarry extremum).

This can be elfected, for example, by varying the cell
thickness for a selected material having a given An or by
selecting a different liquid crystal material for each colour
for a selected fixed thickness. However, this leads to super-
fluous storage and production control problems.

EP-A 0,311,116 describes a solution to these problems,
with the transmission for each one of the three colours red,
oreen and blue being optimized by adjusting the polarizers
for each colour differently with respect to each other, which
polarizers are present at both sides of the layer of liquid
crystalline material. The values of d and An are then chosen

to be such that 1t holds for green A ;. at the central wavelength
that:

V3 A

d-An= ——

For parallel polarizers the transmission 1s zero at zero
voltage. For the blue and red light paths the same values of
d and An are used, but the mutual position of the polarizers
1s shifted.

A first drawback 1s that the highest value of the transmis-
sion for blue and red 1s not optimum because the polarizers
are no longer parallel.

Moreover, 1t appears that a shifting of the polarizer
positions 1s necessary due to the temperature dependence,
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notably of An, at temperature variations (particularly an
increase of temperature which may be caused by the high
beam intensity in projection display). This is effected in the
relevant device by rotating the polarizers with respect to
cach other so that also for the green beam they are no longer
parallel, which has a detrimental effect on the transmission.

The influence of the temperature on the transmission
curves can be very different due to the different rotations of
the polarizers so that for the three different colors the
maximum transmission at the highest operating temperature
may vary considerably as a percentage of the maximum
transmission at room temperature.

Moreover, the mechanical adjustment of the polarizers
relative to one another 1s slow and cumbersome.

SUMMARY OF THE INVENTION

One of the objects of the present invention 1s to provide
a device of the type described 1n the opening paragraph in
which the above-mentioned problems occur hardly, if at all.
It 1s a further object of the mvention to prowde a device 1n
which one type of display device 1s suflicient 1n the case
where three light paths for red, green and blue are used by
providing a device which 1s substantially insensitive to
temperature variations.

For this purpose a device according to the invention 1s
characterized 1n that 1n at least one of the extreme transmis-
sion states 1n the product d.An of the thickness d the layer of
liquid crystalline material and the difference in refractive
index An are chosen to be such that d.An at the maximum
temperature of use 1s 0.45-0.50 um, the device being also
provided with means for correcting the value of an applied
voltage 1n dependence on the temperature.

The eclectrodes preferably define a matrix of pixels
arranged 1n rows and columns 1n which the column elec-
trodes are driven by means of corrected or uncorrected data
voltages when a row of pixels 1s being selectively driven.

According to the invention the d.An values at the maxi-
mum operating temperature are chosen to be such that 1n the
temperature range to be used the variation of d.An remains
limited to a range 1n the Gooch and Tarry curve where the
transmission for (a) given wavelength(s) changes hardly, if
at all, while dAn may still change considerably. In fact, the
above-mentioned conditions are still satisfied for d.An val-
ues at 20° C. between 0.50 and 0.65 yum. The liquid crystal
display device 1s preferably present between mutually per-
pendicularly crossed polarizers and the extreme state 1s
light-transmissive.

The correction values of the voltages 1n a device accord-
ing to the invention are temperature-dependent, but in the
range to be used they are almost independent of the voltage
(the transmission/voltage curves run substantially parallel
for different temperatures). These correction values can then
be determined 1n a simple manner by means of, for example,
temperature measurement. On the other hand the correction
values can be determined with reference to the transmitted
light mntensity, for example, in a test element located outside
the actual display section, which element 1s continuously
held 1n 1ts extreme transmission state. Light intensity

changes caused by temperature changes then define the
correction values.

Such corrections for temperature changes can be simul-
taneously superimposed on possible corrections for
wavelength-dependent behaviour (in a three-channel
system); to have optimum results preferably for the cell
passing red light at the maximum operating temperature
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1S chosen.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows diagrammatically a device according to the
mvention,

FIG. 2 shows diagrammatically the transmission of a
display device as a function of d.An/A,

FIG. 3 shows diagrammatically transmission/voltage
characteristics of a display device according to the mnvention
at different temperatures, while

FIG. 4 shows similar characteristics for a conventional
display device.

DETAILED DESCRIPTION OF THE
INVENTION

The invention will now be described 1n greater detail with
reference to the drawings and an embodiment.

FIG. 1 shows diagrammatically a projection display
device 1n which light emitted by a light source 1 1s formed
to a substantially parallel light beam 3 through a collimator
lens 2. The light beam 3 1s incident on a liquid crystal
display device 4 and i1s modulated 1 this device. The
modulated light 1s then projected on a screen 6 through a
lens system 5.

In this embodiment the liquid crystal display device 4 has
two transparent substrates 7 of, for example, glass which are
provided with row electrodes 8 and column electrodes 9,
respectively. The row and column electrodes are provided
with selection voltages and data voltages by the drive unit 12
through drive lines 10, 11. A liquid crystal material 13 1is
present between the two substrates which are provided with
protective coatings and/or orientation layers. The substrates
are spaced apart by spacers (not shown) and a sealing edge
14. The liquid crystal display device 4 1s also provided with
polarizers 15 which cross each other perpendicularly 1n this
embodiment. If a twisted nematic liquid crystal effect with
a twist angle of 90° 1s used, the display device 4 will entirely
pass the incident light beam 3 (at voltages below a given
threshold), while the light beam is entirely absorbed at a
orven saturation voltage. Dependent on the voltages at the
row and column electrodes the modulated light beam 3' is
passed and subsequently projected. Although 1n this embodi-
ment a projection device 1s shown 1n which only one light
path 1s used, devices are also feasible in which a plurality of
light paths and/or light sources (one for each color) is used.

FIG. 2 shows the transmission of a liquid crystalline
medium (c.q a pixel in the display device 4) as a function of
d.An/i. between crossed polarizers. In this example the
liquid crystal material was ZLI 88-1068 of the firm of
Merck. For this material An at 20° C. is approximately 0.12
(at A=590 nm). When d=3.9 um is chosen, d.An=0.47 um. At
a central wavelength of 590 nm for green light 1t then holds
that d.An/A=0.87, 1n other words the display device
comprising, for example, 3 light paths 1s used 1n the first
Gooch and Tarry maximum (point A) for green. With an
increasing temperature, however, An decreases to such an
extent that the display device at 80° C. 1s adjusted, as it were,
at point B so that for the same wavelength a maximum
transmission remains which 1s approximately 60% of that at
20° C. By starting from d.An/A=0.8 (point D) at 80° C.

according to the invention, 1 other words by selecting

5

10

15

20

25

30

35

40

45

50

55

60

65

4

d.An=~0.47 yum for the maximum temperature of use, the
transmission 1s substantially maximal at 590 nm. Though
d.An has increased at 20° C. to such a value that d.An/A>1,

the transmission has hardly decreased (point C in FIG. 2).
Similar considerations apply to other colors.

The associated values of d.An at 20° C. are now 0.50-0.65

um (for the conventional color range).

FIG. 3 shows the transmission/voltage characteristics for
the green channel 1 such a display device 4. Here the

thickness 1s approximately 5 um. It 1s clearly apparent that
the maximum transmission for the different temperatures
(20° C., 40° C., 60° C., 80° C.) has changed hardly at all.
There 1s a shift in the characteristics, but substantially
throughout the range 1t 1s such that the curves run parallel;
this means that a simple electronic compensation (for
example, adding a correction voltage to the column
electrodes) may be sufficient.

Similar curves hold true 1n a projection device for the red
and blue channels.

The adaptation of d.An at the maximum operating tem-
perature thus results 1n the maximum transmission remain-
ing the same throughout the temperature range. As a resullt,
the transmission/voltage curves also remain substantially
parallel, 1n contrast to devices in which d.An 1s optimized at
room temperature. In such display devices these curves
exhibit a behaviour that 1s shown diagrammatically 1in FIG.
4. A simple adaptation by adding a positive or negative
correction voltage 1s not possible in this case.

For making such a correction the device of FIG. 1 has a
temperature sensor 16, for example, a thermocouple which
supplies a signal through the line 17 to the drive unit 12 in
which the corrected data voltage 1s determined. Instead of
the temperature variation the variation in the transmitted
quantity of light can also be measured by means of an optical
sensor 18 (shown in broken lines) by means of an extra pixel
which 1s always transmissive.

The invention 1s of course not limited to the example
shown, but several variations are possible within the scope
of the mvention.

As has been started here before, 1t 1s possible to optimize
for one central wavelength when using a single light path
and a multicolour display device 4. The optimization shown
may also be achieved for a liquid crystal material between
polarizers which are parallel instead of mutually perpen-
dicular. Other forms of sensors are alternatively possible,
such as a bimetal or a temperature-sensitive resistor, diode,
or the like.

We claim:

1. A projection display device comprising at least one
liquid crystal display device in a light path for a light beam
having a central wavelength ), said display device having a
layer of liquid crystalline material of a thickness d, and of a
difference in index An between two supporting plates pro-
vided with electrodes which define at least one pixel, via
which electrodes a voltage of a value y can be applied across
the pixel, characterized 1n that 1n at least one of the extreme
transmission states the product d.An of the thickness d of the
layer of liquid crystallme material and the difference in
refractive index An is chosen to be such that d.An/A at [the]
a maximum temperature of use is [0.45-0.50] 0.76—0.85 um,
the device being also provided with means for correcting the
value of [an] said applied voltage in dependence on [the]
said temperature.

2. A device as claimed 1n claim 1, characterized in that the
clectrodes define a matrix of pixels arranged in rows and
columns, 1n which the column electrodes are driven by
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means of corrected or uncorrected data voltages when a row
of pixels 1s being selectively driven.

3. Adevice as claimed 1n claim 1, characterized 1n that the
liquid crystal display device 1s present between mutually
perpendicularly crossed polarizers and 1s light-transmissive
In an extreme state.

4. A device as claimed 1n claim 1, characterized in that the
maximal temperature of use of the liquid crystalline material
is 80° C.

5. A device as claimed 1n claim 1, characterized in that
[the product] d.An at room temperature (20° C.) is between
0.50 and 0.65 um.

6. A device as claimed 1n claim 1, characterized 1n that a
correction value for the voltages 1s determined by means of
temperature measurement 1n the liquid crystal display
device, and 1n that a measured temperature difference 1is
converted mto a correction signal.

7. A device as claimed 1n claim 1, characterized 1n that a
correction value for the voltages are determined by mean of
light 1ntensity measurement after the light has passed
through the liquid crystal display device and in that a
measured light intensity difference 1s converted mnto a cor-
rection signal.

8. A liquid crystal display device for use in a device as
claimed in claim 6, characterized 1n that the liquid crystal
display device also comprises a thermocouple, a temperature
Sensor or a temperature-sensitive resistor.

9. A liquad crystal display device for use 1n a device as
claimed 1n claam 7, characterized 1n that the liquid crystal
display device 1s provided with an optical sensor and a pixel
which 1s always light-transmissive.

10. A device as claimed 1 claim 2, characterized 1n that
the liquid crystal display device 1s present between mutually
perpendicularly crossed polarizers and 1s light-transmissive
In extreme state.

11. A device as claimed claim 3, characterized in that [the]
a maximal temperature of use of the liquid crystalline
material is 80° C.

12. A device as claimed 1 claim 4, characterized 1n that
the product d.An at room temperature (20° C.) 1s between
0.50 and 0.65 um.

13. A device as claimed 1n claim 3, characterized 1n that
a correction value for the voltages 1s determined by means
of a temperature measurement 1n the liquid crystal device,
and 1n that a measured temperature difference 1s converted
into a correction signal.
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14. A device as claimed 1n claim 3, characterized 1n that
a correction value for the voltages are determined by means
of a light imntensity measurement after the light has passed
through the liquid crystal display device and in that a
measured light intensity difference 1s converted 1nto a cor-
rection signal.

15. A projection display device comprising at least one
liquid crystal display device in a light path for a light beam
having a central wavelength ), said display device having a
laver of liquid crystalline material between two supporting
plates provided with electrodes which define at least one
pixel, via which electrodes a voltage can be applied across
the pixel, characterized in that in at least one of extreme
transmission states the product d.An of the thickness d of the
laver of liquid crystalline material and the difference in
refraction index An in relation to an intended maximum
temperature of use in chosen to be such that (d.An)/). at the
intended maximum temperature of use in between 0.76 and
0.85.

16. A device as claimed in claim 1, characterized in that
the liquid crystal display device is present between mutually
perpendicularly crossed polarizers and is light-transmissive
In an extreme state.

17. A device as claimed in claim 1, characterized in that
maximal temperature of use of the liquid crystalline material
is 80° C.

18. A device as claimed in claim 1, characterized in that
the product d.An at room temperature (20° C.) is between
0.50 and 0.65 um.

19. A projection display device comprising at least one
liquid crystal display device in a light path for a light beam
having a central wavelength ), said display device having a
laver of liquid crystalline material of a layer thickness d and
a difference in refractive index An between two supporting
plates provided with electrodes which define at least one
pixel, via which electrodes a voltage can be applied across
the pixel, characterized in that d.An is chosen to be such
that, when cooling the display device from a maximum
operating temperature to ambient temperature (20° C.)
d.An)./ has a value which passes a value (0.87) correspond-
ing to a first Gooch & Tarry maximum.

20. A projection device as claimed in claim 3 character-
ized in that the device 1s provided with means for correcting
the applied voltages in dependence on the temperature.
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