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LIQUID CRYSTAL ON SILICON DISPLAY
WITH BRIGHTNESS ADJUSTMENT

BACKGROUND
Field of Invention

The present invention relates to a liquid crystal on silicon
display, yore particularly, the present invention relates to the
liquid crystal on silicon display with brightness adjustment.

Description of Related Art

Liquid Crystal on Silicon (LCoS) is a reflective projection
display. The LCoS display has the advantages of low-cost,
high aperture ratio (up to 90%), and high resolution. In
general, the LCoS display Includes a light source, a polar-
ization beam splitter (PBS) and a L.CoS panel. The LCoS
panel is formed on single-crystal silicon, and includes tran-
sistors arranged as a matrix, aluminium electrodes, liquid
crystal and transparent electrodes, etc. The light source
emits a light beam to the PBS and the PBS reflects the light
beam to the LCoS panel. The transistors in the LCoS panel
are configured to rotate the polarization of the light beam by
applying an electric field on the liquid crystal. The alu-
minium electrodes reflect the light beam, and the light beam
passes through the PBS to human eyes. However, the PBS
may change the magnitude of the Sight beam in the fight
path.

SUMMARY

Embodiments of the present invention provides a liquid
crystal on silicon (LCoS) display. The LCoS Includes a
polarization beam splitter (PBS), a light source, a LCoS
panel and a gain control circuit. The PBS has a first side and
a second side disposed opposite to the first side. The light
source is disposed at the first side of the PBS. The LCoS is
disposed at a third side of the PBS. The gain control circuit
is coupled to the LCoS panel and receives brightness values.
Each of the brightness values has a coordinate which is
based on a coordinate axis extending from the first side of
the PBS to the second side of the PBS. The brightness values
include a first brightness value and a second brightness
value. The first brightness value and the second brightness
value belong to a same color. The coordinate of the first
brightness value is less than the coordinate of the second
brightness value. The gain control circuit determines gains
according to the coordinates, and adjusting the brightness
values according to the gains. The gain of the first brightness
value is less than the gain of the second brightness value.
After adjusting the brightness values, the gain control circuit
transmits the brightness values to the liquid crystal on
silicon parel.

In some embodiments, the brightness values include red
brightness values, green brightness values and blue bright-
ness values. The gain of the red brightness value having a
first coordinate is greater than the gain of the green bright-
ness value having the first coordinate. The gain of the green
brightness value having the first coordinate is greater than
the gain of the blue brightness value having the first coor-
dinate.

In some embodiments, the gain control circuit further
multiplies the red brightness values by a red compensation
value, multiplies the green brightness values by a green
compensation value, and multiplies the blue brightness
values by a blue compensation value. The red compensation
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value, the green compensation value and the blue compen-
sation value are different from each other.

In some embodiments, the red compensation value is less
than the green compensation value, and the green compen-
sation value is less than the blue compensation value.

In some embodiments, the gain control circuit substitutes
the coordinates into a monotonically increasing function to
obtain the gains.

In some embodiments, the gain control circuit performs
the operation of adjusting the brightness values based on
following equations (1), (2) and (3).

H-x
Relx) = (1= (1= Ro)x —= xR

, H-x @
Gelx) = (1 ~(1=Ga)x ——= X Gilw)

H-x

3
Bc(x):(l—(l—Bc)xT)xB;(x), @)

where x denotes the coordinate, R,(x) denotes a red bright-
ness value having the coordinate x. G/(x) denotes a green
brightness value having the coordinate x. B,(x) denotes a
blue brightness value having the coordinate x. H is a real
number. R, G, B, are real numbers ranged between 0 to
1. R(x) denotes the adjusted red brightness value. G(x)
denotes the adjusted green brightness value. B(x) denotes
the adjusted blue brightness value.

In some embodiments, the gain control circuit further
performs following equations (4), (5), and (6):

1 )
RO(X)Z(%]XRC(X) @
G
Go(x)z(w]xc;c(x) 5)
G
Bote) =2 g, ©

Ry(x) denotes the red brightness value transmitted to the
liquid crystal on silicon panel. G,(x) denotes the green
brightness value transmitted to the liquid crystal on silicon
panel. B,(x) denotes the blue brightness value transmitted to
the liquid crystal on silicon panel.

Embodiments of the present invention provide a bright-
ness adjusting method for the LCoS display. The method
includes operations/steps performed by the gain control
circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading
the following detailed description of the embodiment, with
reference made to the accompanying drawings as follows.

FIG. 1 is a schematic diagram illustrating part of a liquid
crystal on silicon display according to an embodiment.

FIG. 2 is a diagram illustrating components disposition of
the LCoS display 100 according to an embodiment.

FIG. 3 is a diagram illustrating the determination of the
gains according to the coordinates according to an embodi-
ment.

FIG. 4 is a schematic diagram illustrating the generation
of the gains for different colors.
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FIG. 5 is a flow char of a brightness adjusting method for
a liquid crystal on silicon display according to an embodi-
ment.

DETAILED DESCRIPTION

Specific embodiments of the present invention are further
described in detail below with reference to the accompany-
ing drawings, however, the embodiments described are not
intended to limit the present invention and it is not intended
for the description of operation to limit the order of imple-
mentation. Moreover, any device with equivalent functions
that is produced from a structure formed by a recombination
of elements shall fall within the scope of the present inven-
tion.

The using of “first”, “second”, “third”, etc. in the speci-
fication should be understood for identifying units or data
described by the same terminology, but are not referred to
particular order or sequence.

FIG. 1 is a schematic diagram illustrating part of a liquid
crystal on silicon display according to an embodiment.
Referring to FIG. 1, a liquid crystal on silicon (LCoS)
display 100 includes a light source 110, a polarization beam
splitter (PBS) 120 and a LCoS panel 130. It is noted that
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FIG. 1 is not drawn to actual size, and not all components of 25

the LCoS display 100 are illustrated for simplicity.

The light source 110 is configured to provide a fight beam
112. For example, the light source 110 may be a high
pressure mercury lamp, a metal halide lamp, a light-emitting
diode (LED) or other suitable light sources. In some embodi-
ments, the light beam 112 is white light, and the LCoS
display 100 further includes one or more color filters, and
the LCoS display 100 generates red light, green light and
blue light by a time-division way. In other embodiments, the
paths for the red light, the green light and the blue light are
separated from each other, and the LCoS display 100
includes three L.CoS panels 130 to deal with the red light the
green light and the blue light respectively, and then the red
light, the green light and the blue fight are combined and
emitted by the LCoS display 100. In other words, the light
beam 112 may be white light, red light, green light or blue
fight, and the color of the light beam 112 is not limited in the
invention.

The PBS 120 is configured to separate the un-polarized
light beam 112 into a P-polarized light beam and a S-po-
larized light beam, and one of which is reflected to the LCoS
panel 130.

The LCoS panel 130 is configured to polarize the incident
light beam 112 and reflects the tight beam 112 to the PBS
120, and then the light beam 112 is projected on a screen (not
shown). For example, L.CoS panel 130 may include glass, a
silicon substrate, transistors, liquid crystal, transparent elec-
trodes, aluminium electrodes, etc. However, people in the art
should be able to adopt any types of liquid crystal on silicon
panel, and how the L.CoS panel 130 is implemented is not
limited in the invention.

The PBS 120 has a first side 121 a second side 122, a third
side 123 and a fourth side 124. The first side 121 is opposite
to the second side 122. and the third side 123 is opposite to
the fourth side 124. The light source 110 is disposed at the
first side 121, and the L.CoS panel 130 is disposed at the third
side 123. The first side 121, the third side 123 and the fourth
side 124 are disposed in the path of the light beam 112, but
the second side 122 is not in the path of the light beam 112.
To be specific, the light beam 112 enters the PBS 120 from
the first side 121, and is reflected and emitted out from the
third side 123. The LCoS panel 130 reflects the light beam
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112 and then the light beam 112 enters the PBS 120 from the
third side 123. At the end, the fight beam 112 is emitted out
from the fourth side 124. From another aspect, the first side
121 is located between the tight source 110 and the second
side 122.

The gain control circuit 140 is coupled to the LCoS panel
130, receives multiple brightness values, and adjusts the
brightness values. The adjusted brightness values are trans-
mitted, as forms of voltages, to sources of the transistors in
the LCoS panel 130 in order to determine electric fields
applied on the liquid crystal. Each brightness value has a
coordinate which is based on a coordinate axis X extending
from the first side 121 of the PBS 120 to the second side 122.
That is, the smaller the coordinates are, the closer the
corresponding positions on the PBS 120 are to the first side
121. In other words, the smaller the coordinates are, the
closer the corresponding transistors are to the right-hand
side of the LCoS panel 130. However, the origin and the unit
length of the coordinate system are not limited in the
invention.

In the embodiment of FIG. 1, the gain control circuit 140
is disposed outside the LCoS panel 130 (e.g. in a time
controller (not shown)). However, in some embodiments,
the gain control circuit 140 may be disposed inside the LCoS
panel 130. Where the gain control circuit 140 is disposed is
not limited in the invention.

FIG. 2 is a diagram illustrating components disposition of
the LCoS display 100 according to an embodiment. In the
embodiment of FIG. 2, the light source 110 is implemented
as a stripe LED. The LCoS panel 130 has a display area 210,
in which multiple transistors are disposed. The light beam
emitted by the light source 110 is reflected to the display area
210. The coordinate axis X is extending from a side close to
the light source 110 to another side far from the light source
110. However, FIG. 2 is just illustrative, and the location of
each component of the LCoS display 100 is not limited in
the invention.

FIG. 3 is a diagram illustrating the determination of the
gains according to the coordinates according to an embodi-
ment. Referring to FIG. 3, as mentioned, the light beam from
the light source 110 is reflected to the display area 210.
However, the further the light beam is away from the light
source 110, the greater the attenuation of the light beam’s
brightness. As shown in a diagram 310, small coordinates on
the coordinate axis X leads to less attenuation of the bright-
ness, and large coordinates leads to more attenuation. This
situation will cause brightness unbalance between left-hand
side and right-hand-side of an image. Therefore, in the
embodiment, the gain control circuit 140 calculates gains
according to the coordinate of each brightness value, and
adjusts the brightness values according to the gains. As
shown in a diagram 320, a brightness value having small
coordinate corresponds to a small gain, and a brightness
value having large coordinate corresponds to a large gain.
For example, assume a certain first brightness value has a
coordinate 321, and a certain second brightness value has a
coordinate 322. The coordinate 321 is less than the coordi-
nate 322, and the first brightness value and the second
brightness value belong to the same color. The gain control
circuit 140 sets the first brightness value to have a gain 331,
and sets the second brightness value to have a gain 332
which is greater than the gain 331. In other words, the
coordinates are directly proportional to the gains. The gain
control circuit 140 may adjust the first brightness value and
the second brightness value according to the gain 331 and
332 respectively. For example, the gains 331 and 332 are
real numbers ranged from O to 1. The gain control circuit 140
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may multiplies the first brightness value by the gain 331, and
multiplies the second brightness value by the gain 332. As
a result, the brightness unbalance between the left-hand side
and the right-hand-side of the image is compensated. It is
noted that the gains in the diagram 320 are just examples. In
other embodiments, the gain control circuit 140 may set any
monotonically increasing function, and substitute the coor-
dinates into the monotonically increasing function to obtain
the gains.

The brightness values received by the gain control circuit
140 may include red brightness values, green brightness
values and blue brightness values. However, different colors
of the light beams may cause different extent of attenuation.
Therefore, different gains may be generated for different
colors of the brightness values. Referring to FIG. 4, FIG. 4
is a schematic diagram illustrating the generation of the
gains for different colors. As shown in a diagram 410, red
brightness values R are attenuated more than green bright-
ness values G are, and the green brightness values G are
attenuated more than blue brightness values B. Therefore,
for a certain coordinate 421 (also referred to a first coordi-
nate) in a diagram 420, a gain 422 of the red brightness value
is greater than a gain 423 of the green brightness value
having the same coordinate 421. The gain 423 of the green
brightness value is greater than the gain 424 of the blue
brightness value having the same coordinate 421. The
brightness in the diagram 410 times the gains in the diagram
equals to adjusted brightness values in a diagram 430. In the
diagram 430, the brightness values are consistent along the
coordinates for each color, but different colors have different
brightness. This situation makes the color of the image shift.
Therefore, in some embodiments, after the brightness values
are adjusted according to the gains, the gain control circuit
140 multiplies all the red brightness values by a red com-
pensation value, multiplies all the green brightness values by
a green compensation value, and multiplies ail the blue
brightness values by a blue compensation value. The red
compensation value is less than the green compensation
value, and the green compensation value is less than the blue
compensation value. After the multiplication, the brightness
values are consistent among different colors.

For example, the operation of determining the gains and
the operation of adjusting the brightness values are per-
formed based on following equations (1), (2), and (3).

H-x 8]
Re(o) = (1 —(1=Ra)x T)xR;(x)

H-x )
Getn) = (1= (1= Ga)x —= |x Gix)

Bc(x)z(l—(l—Bc)x %)x&(x) 3

R,(x) denotes the red brightness value having the coordi-
nate X. G,(x) denotes the green brightness value having the
coordinate x. B,(x) denotes the blue brightness value having
the coordinate x, H is a real number representing the width
or the height of the image, R, G4, By are real numbers
ranged between 0 to 1, and R >G;>Bs. R{x) denotes the
adjusted red brightness value. G(x) denotes the adjusted
green brightness value. B.(x) denotes the adjusted blue
brightness value. The equations (1), (2), and (3) are corre-
sponding to the three lines in the diagram 420.

Next, the gain control circuit 140 may further perform
following equations (4), (5), and (6).
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@

min(Re, Ge, Be)
Ro(xj:( nRe, Ga, Ba

Re

]x Re(x)

Go(x) ©

(min(RGa Gg, Bg)

Go )X Gelx)

Bo(x) ©

_ (min(RG, Gg, Bc)

X Be(x)
o ] c(x)

R (%) denotes the red brightness value transmitted to the
LCoS panel 130. G,(x) denotes the green brightness value
transmitted to the LCoS panel 130. B ,(x) denotes the blue
brightness value transmitted to the LCoS panel 130. min(R ;,
Gg. Be)Rg s the said red compensation value, min(R, G,
B)/Gg is the said green compensation value, and min(R,
Gg. Bs)/Bg is the said blue compensation value.

FIG. 5 is a flow chart of a brightness adjusting method for
a liquid crystal on silicon display according to an embodi-
ment. Referring to FIG. 5, in a step S501, multiples bright-
ness values are received. Each of the brightness values has
a coordinate which is based on a coordinate axis extending
from the first side of the BPS to the second side of the BPS.
The brightness values includes a first brightness value and a
second brightness value. The first brightness value and the
second brightness value belong to a same color. The coor-
dinate of the first brightness value is less than the coordinate
of the second brightness value. In a step S502, gains are
determined according to the coordinates, and the brightness
values are adjusted according to the gains, in which the gain
of the first brightness value s less than the gain of the second
brightness value. In a step S503, the brightness values are
transmitted to the LCoS panel. However, each step in FIG.
5 has been described in detail above, and therefore the
description will not be repeated. It is noted that each step in
FIG. 5 may be implemented as program codes or circuits,
and the invention is not limited thereto. In addition, the
method of FIG. 5 may be performed with the aforemen-
tioned embodiments or performed independently. In other
words, other steps may be inserted between the steps in FIG.
5.

Although the present invention has been described in
considerable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the
spirit and scope of the appended claims should not be limited
to the description of the embodiments contained herein. Tt
will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims.

What is claimed is:

1. A liquid crystal on silicon display, comprising:

a polarization beam splitter, having a first side and a
second side disposed opposite to the first side;

a light source, disposed at the first side of the polarization
beam splitter;

a liquid crystal on silicon panel, disposed at a third side
of the polarization beam splitter; and

a gain control circuit, coupled to the liquid crystal on
silicon panel and receiving a plurality of brightness
values, wherein each of the brightness values has a
coordinate which is based on a coordinate axis extend-
ing from the first side of the polarization beam splitter
to the second side of the polarization beam splitter, the
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brightness values comprise a first brightness value and
a second brightness value, the first brightness value and
the second brightness value belong to a same color, the
coordinate of the first brightness value is less than the
coordinate of the second brightness value,

wherein the gain control circuit determines a plurality of
gains according to the coordinates, and adjusts the
brightness values according to the gains, wherein the
gain of the first brightness value is less than the gain of
the second brightness value,

wherein after adjusting the brightness values, the gain
control circuit transmits the brightness values to the
liquid crystal on silicon panel,

wherein the gain control circuit performs the operation of
adjusting the brightness values based on following
equations (1), (2) and (3):

(1

H-x
Rel) = (1= (1= Ro)x —= | Ri)

- 2
Getw) = (1~ (1~ Ge)x Hx]xG‘-(x) @
Be(x)= (1~ (1~ Bo)x H[;x)xBi(x) 3

wherein x denotes the coordinate, R,(x) denotes a red
brightness value having the coordinate x, G,(x) denotes
a green brightness value having the coordinate x, B,(x)
denotes a blue brightness value having the coordinate
%, H is a real number, R, G5, B are real numbers
ranged between 0 to 1, R(x) denotes the adjusted red
brightness value, G(x) denotes the adjusted green
brightness value, and B(x) denotes the adjusted blue
brightness value.
2. The liquid crystal on silicon display of claim 1, wherein
the gain control circuit further performs following equations
4), (5), and (6):

Ro(x):(%fc’lgc))ch(x) 4

i 5
Gol) = (HHD(RG(-;SG, BGJ] X Gelr) 5
BO(X):(%GGG’BGJ]XBC(X) ©

wherein R ,(x) denotes the red brightness value transmit-
ted to the liquid crystal on silicon panel, G,(x) denotes
the green brightness value transmitted to the liquid
crystal on silicon panel, B,(x) denotes the blue bright-
ness value transmitted to the liquid crystal on silicon
panel.

3. A brightness adjusting method for a liquid crystal on
silicon display, wherein the liquid crystal on silicon display
comprises a polarization beam splitter, a light source and a
liquid crystal on silicon panel having a first side and a
second side opposite to the first side, wherein the light
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source is disposed at the first side of the polarization beam
splitter, and the brightness adjusting method comprises:
receiving a plurality of brightness values, wherein each of
the brightness values has a coordinate which is based
on a coordinate axis extending from the first side of the
polarization beam splitter to the second side of the
polarization beam splitter, the brightness values com-
prise a first brightness value and a second brightness
value, the first brightness value and the second bright-
ness value belong to a same color, the coordinate of the
first brightness value is less than the coordinate of the
second brightness value;
determining a plurality of gains according to the coordi-
nates, and adjusting the brightness values according to
the gains, wherein the gain of the first brightness value
is less than the gain of the second brightness value; and
transmitting the brightness values to the liquid crystal on
silicon panel after adjusting the brightness values,
wherein the step of adjusting the brightness values is
performed based on following equations (1), (2) and

@)

H-x o)

Rel)= (1= (1= Rg)x X Ry(x)
H- 2
Get) = (1= (1= Ga)x — % Gyl @
H- 3
Bt = (1= (1= Bo)x — | Bi(x) @

wherein x denotes the coordinate, R,(x) denotes a red
brightness value having the coordinate x, G,(x) denotes
a green brightness value having the coordinate x, B,(x)
denotes a blue brightness value having the coordinate
x, H is a real number, R, G4, By are real numbers
ranged between 0 to 1, R(x) denotes the adjusted red
brightness value, G(x) denotes the adjusted green
brightness value, and B(x) denotes the adjusted blue
brightness value.

4. The brightness adjusting method of claim 3, further

comprising:
performing following equations (4), (5) and (6):

in(R¢, Ge, Ba) , 4

Ro(x):(M)XRC(x) &
Re

in(R¢, Gg, Bg) 5

Go(x)z(w]xgc(x) )
Gg

in(Re., G, Be) ; 6

Bo(x;,:(mm(cg#]x&(x) ©
G

wherein R ;(x) denotes the red brightness value transmit-
ted to the liquid crystal on silicon panel, G,(x) denotes
the green brightness value transmitted to the liquid
crystal on silicon panel, B,(x) denotes the blue bright-
ness value transmitted to the liquid crystal on silicon
panel.
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