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difficult to produce flesh tones, and other colors, with a liquid crystal
display. For these reasons, This invention relates generally to filters for
there is a need for a multicolor filter which more display devices and
particularly to a multicolor filter  nearly achieves maximum and uniform
brightness for producing purer white and for establishing uni-   5   across
a display device and compensates for color form brightness across a display
device, such as a      imbalances of the illumination source. The present
liquid crystal display.                               invention fulfills
that need. As is known to those skilled in the art, many
GB-A-2133912  discloses a  multicolor filter display devices produce color
images by passing       comprising a plurality of filter elements for
provid- light through filters which transmit the color of light  10  ing
the three primary colors of light, red, green and desired for the display,
while filtering out other    blue, arranged in checked arrangement. The
total colors of light. In such devices, the color is pro-   area for
picture elements for each of the colors is duced by the filters rather than
by the elements      arranged to be equal. The object of the arrange-
themselves. An example of such a display device        ment is to provide a
filter which improves resolu- is a liquid crystal display. In liquid
crystal displays,   15  tion whilst decreasing the number of picture ele-
the liquid crystals are voltage-actuated to change     ments. However, the
arrangement is not sufficiently their light transmission capabilities to
produce the  sensitive to fulfil the needs described above. desired image.
As used herein, the term "transmis-        The present invention provides a
multicolor fil- sion capabilities" also includes reflection capabil-  ter
for a display device illuminated by a light ities. However, the crystals
themselves do not dis-   20  source, comprising a plurality of filter
elements for play any color characteristics. Accordingly, when a
providing the three primary colors of light, said color display is desired,
each crystal must be asso-  filter elements being arranged in triads such
that ciated with an appropriate filter to produce the      each triad
includes at least one filter element for desired color of light. Typically,
in display devices,  providing each of said primary colors, and the area
the three primary colors of red, green and blue are   25   of each of said
filter elements for providing one of produced using filters, and other
colors are pro-     said primary colors being inversely proportional to
duced by appropriately combining the various pri-     the amount of
transmitted intensity of the one pri- mary colors to produce the desired
color. An ideal    mary color of light; characterized in that the re-
display must produce white, and for such a display    spective areas of
said filter elements are tailored to the three primary colors must be
produced with the   30   produce triads of white light, according to the
equa- proper balance of brightnesses. However, because      tion, the
various colors are provided by the use of different filters, and because
the filters are nec-   A = PWP / 3(AP)(CTF), essarily made of different
materials, the light trans- mission characteristics of the three filters
are dif-  35   where ferent, making it extremely difficult to achieve the
A =        tailored area of each filter element brightness balance needed
to produce white light.                   for providing one of said primary
In the absence of such balance, the white portion                   colors,
of the image is tinted, with the tint determined by      PWP =
percentage of the one primary color the color filter which has the greatest
light trans-   40           in pure white light (i.e. 50%  for mission
capability. Typically, the color balance re-                green, 40%  for
red, and 10%  for quired for achieving white can only be obtained by
blue), lowering the transmission efficiencies of the higher     AP =
actual percentage of the one pri- transmission capability filters to
substantially match              mary color in said light source, and the
efficiency of the filter having the lowest trans-   45  CTF =
Compensating transmission factor mission efficiency. Accordingly, for such
a display,                (i.e. transmission of the one primary the maximum
brightness is determined by the                        color by the filter
elements for pro- transmission capability of the most inefficient color
viding that primary color / average filter. This detrimentally decreases
the brightness                 of the respective transmissions of of the
display produced by the display device.   50                 all three
primary colors by the filter In many types of liquid crystal displays, the
elements for providing those prima- illumination is provided by
backlighting the crystals.              ry colors). Efficiency of operation
suggests that the most effi-      In the drawings: cient light source be
used for each backlighting.        FIGURE 1 is a preferred embodiment of a
mul- However, typically, the most efficient light sources   55  ticolor
filter for a display device. produce a high proportion of one primary
color,          FIGURE 2 is another preferred embodiment of a and the white
light has a tint determined by that        multicolor filter for a display
device. primary color. This characteristic also makes it 2    
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another preferred embodiment    brightness can be made more uniform by
respec- of a multicolor filter for a display device.     tively increasing
the green and red filter areas. FIGURE 1 shows a filter 10 having a
plurality of  Thus, AG (area green) = AB(area blue)/0.9 and AR filter
elements 11, 12 and 13 arranged horizontally  (area red) = AB/0.8. For a
particular model of in rows 14, 15 and 16. The filter elements 11, 12   5
illumination source, the emission percentages are and 13 are composed of
various materials which      substantially constant, and a pure white is
achieved efficiently transmit the three primary colors of light,  when a
new illumination source of the same model blue, green and red,
respectively, as indicated by  is used to replace the original source. The
color the letters B, G, R in each of the three filter     emission
percentages given above are arbitrarily elements. Because the light
transmission capabil-  10  chosen for purposes of illustration and may vary
ities of the filter elements 11, 12 and 13 typically  considerably for each
type of illumination source. are different for a given brightness of back
illumina-  Initially, it seems that one can either use a pure tion, each of
the three color filters will display a  white light source and adjust the
filter element different brightness in accordance with the trans-  areas in
accordance with the transmission efficien- mission capability of each of
the individual filter  16  cies, or adjust only the filter element areas
for the elements. In a typical display device, the most     various primary
light percentages of an impure light efficient light transmission
capability material will  source. Actually, it is possible to adjust for
both of dominate, and any effort to produce white light by  the imbalances.
Such adjustment is achieved by combining the three primary colors of light
will    tailoring the filter element areas in accordance with result in the
white having a tint which is determined   20  the percentages of red, green
and blue light in by the most efficient light transmitting material. In
pure white light, as well as the actual percentages FIGURE 1, such a tint
is avoided by inversely       of red, green and blue light in the light
source, and portioning the area of the three color elements 11,  employing
a compensated transmission factor, as 12 and 13 in accordance with their
light transmit-  follows: ting capabilities. Thus, as shown in FIGURE 1,
25 each of the three filter elements 11, 12 and 13 has substantially the
same vertical dimension. However,           A  =   [err] the horizontal
dimension is varied, to thereby                           [err] change the
area of the three elements 11, 12 and 13. The change in area is determined
by the light  30   where: transmission capabilities of the elements, so
that     A =        Compensated area for a particular the ratio of the
light transmission capability to the             color element area for
each of the three elements is substantially   PWP =    Percentage of the
color in pure the same for all elements. Thus, [err]= K, where:
white light [err]=    light transmission capability          35     AP =
Actual percentage of the color in the A=      area
light source K =    a constant.                                   CTF =
Compensated transmission factor. By dimensioning the filter elements such
that the areas A and light transmission capabilities [err]   EXAMPLE
satisfy the constant K ratio, each filter transmits  40 substantially the
same illumination brightness for a    By definition, pure white light
includes 50% given brightness of illumination.                   green, 40%
red and 10% blue light. Assume a light The tailoring of the filter element
areas de-    having 45% green, 25% red and 30% blue light scribed above is
very effective in producing pure   Also assume transmission efficiencies of
80% white light on the screen of a display device, where  45   green, 75%
red and 50% blue. The compensated the illuminating source produces pure
white light.  transmission factor (CTF) for each color is obtained The
typical light source does not provide pure      by dividing the actual
transmission efficiency for white light; nor do the most efficient sources,
i.e.,  the color by the average for the three colors. Thus, those providing
the most light for the least energy  the CTF's for green, red and blue,
respectively, are expenditure. For light sources of this type, pure  50
1.17, 1.10 and 0.73. white light can be produced on the screen of the
Thus, using the equation above for compen- display device by measuring the
brightness of the   sated area A, the filter element areas are adjusted
three primary colors emitted by the illumination    such that, for each
triad of the screen, green is source and inversely tailoring the areas of
the filter  33%, red is 50% and blue is 17% of the total triad elements in
accordance with the measurements.  66  area. The adjustment technique can
also accom- Thus, assuming that blue is the maximum bright-     modate for
other sources of light imbalance. For ness, and that green and red,
respectively, are     example, a liquid crystal device includes transpar-
90% and 80% of the blue level, the overall display  ent electrical
conductors. Frequently, such conduc- 3    
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light with a faint red tint. This effect  with the various filter elements
are equally illumi- can be offset by including it in the red light trans-
nated. Additionally, because the centroids of the mission percentage, prior
to making the area cal-   filter elements lie in the close proximity of a
culations. The above light percentages of the light  straight line passing
through adjacent filter ele- source and the transmission efficiencies are
ar-   5   ments, the mixing of the light passing through bitrarily chosen
for the example.                    adjacent elements of a particular triad
is more In FIGURE 1, the rows 14, 15 and 16 prefer-      uniformly balanced
and results in a purer non- ably are arranged so that the filter elements
11, 12  primary color, or white when white is produced. and 13 are
vertically aligned in columns. Addition-  The centroid alignment also
substantially reduces ally, the sequence of colors for the three elements
10  color artifacts. These features are particularly ad- 11, 12 and 13 is
the same for each of the rows.     vantageous when flesh tones are to be
produced. However, all the filter elements within a particular    The
manner in which the various filter elements column need not be the same
color. The filter       are associated within the liquid crystals of a
display elements 11, 12 and 13 are rectangular; accord-     device, and the
manner in which the liquid crystals ingly, the centroids 17, 18 and 19 of
the filter  15  are electrically  interconnected  and  electrically
elements 11, 12 and 13, respectively, lie along a   driven are within the
purview of one skilled in the horizontal line 20 which passes through
adjacent    art and not within the scope of the present inven- filter
elements.                                    tion. However, the electrical
conductors which drive FIGURE 2 shows a filter 21 including filter      the
crystals are routed to configure the liquid cry- elements 22, 23 and 24
which efficiently transmit  20  stals congruently to the configuration and
dimen- green, blue and red light, respectively. The filter  sions of the
filter elements. For example, U.S. elements 22, 23 and 24 are dimensionally
tailored    Patent Number 4,410,887, issued to Stolov et al., and
configured in accordance with the percentages   on October 18, 1983, shows
several colors of filters of the primary light colors in the illumination
in a liquid crystal display device. source, the compensated transmission
factors of  25 the filter elements and the percentages of primary   Claims
colors in pure white light, pursuant to the equation above for compensated
area A. The filter elements   1. A multicolor filter for a display device
illumi- 22, 23 and 24 are configured whereby the cen-           nated by a
light source, comprising a plurality troids 25, 26 and 27, respectively,
lie in the close   30  of filter elements (22,23,24; 30,31,32) for pro-
proximity of a horizontal line 28 which passes          viding the three
primary colors of light, said through adjacent filter elements. The
configurations    filter elements being arranged in triads such are
selected such that the centroids 25, 26 and 27      that each triad
includes at least one filter ele- are substantially centered vertically
within the filter  ment for providing each of said primary colors,
elements, but are not necessarily horizontally cen-   35  characterized in
that the area (A) of each of tered, as demonstrated by the centroids 25 and
26       said filter elements for providing one of said of the filter
elements 22 and 23, respectively.         primary colors is inversely
proportional to the FIGURE 3 is another preferred embodiment of
amount of transmitted intensity of the one pri- a multicolored filter 29
having filter elements 30, 31  mary color of light; and the respective
areas of and 32 which respectively efficiently pass blue, red   40  said
filter elements are tailored to produce and green light. The filter
elements 30, 31 and 32      triads of white light, according to the
equation, also are dimensioned and configured in accor- dance with the
equation for compensated area A.         A = PWP / 3(AP)(CTF),
Additionally, the centroids 33, 34 and 35 of the filter elements 30, 31 and
32, respectively, prefer-  45  where ably are vertically centered but need
not necessar-        A =       tailored area of each filter ele- ily be
horizontally centered, as demonstrated by                     ment for
providing one of said the centroid 33 of the blue element 30. The cen-
primary colors, troids 33, 34 and 35 lie in the close proximity of a
PWP =    percentage of the one primary horizontal line 36, which passes
through the filter  so              color in pure white light (i.e.
elements 30, 31 and 32.                                              50%
for green, 40%  for red, The red, blue and green filter elements for
and 10% for blue), each of the embodiments of FIGURES 1, 2 and 3
AP =      actual percentage of the one are arranged in triads, so that each
of the triads                   primary  color in  said  light includes one
filter element for each of the primary  55              source, and colors.
For this reason, each of the triads is ca-         CTF =    Compensating
transmission fac- pable of efficiently producing a substantially pure
tor (i.e. transmission of the one white light, when all three liquid
crystals associated               primary color by the filter ele- 4    
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light with a faint red tint. This effect  with the various filter elements
are equally illumi- can be offset by including it in the red light trans-
nated. Additionally, because the centroids of the mission percentage, prior
to making the area cal-    filter elements lie in the close proximity of a
culations. The above light percentages of the light  straight line passing
through adjacent filter ele- source and the transmission efficiencies are
ar-   5   ments, the mixing of the light passing through bitrarily chosen
for the example.                    adjacent elements of a particular triad
is more In FIGURE 1, the rows 14, 15 and 16 prefer-       uniformly
balanced and results in a purer non- ably are arranged so that the filter
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vertically aligned in columns. Addition-  The centroid alignment also
substantially reduces ally, the sequence of colors for the three elements
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manner in which the various filter elements column need not be the same
color. The filter        are associated within the liquid crystals of a
display elements 11, 12 and 13 are rectangular; accord-      device, and
the manner in which the liquid crystals ingly, the centroids 17, 18 and 19
of the filter  15  are electrically  interconnected  and  electrically
elements 11, 12 and 13, respectively, lie along a    driven are within the
purview of one skilled in the horizontal line 20 which passes through
adjacent     art and not within the scope of the present inven- filter
elements.                                     tion. However, the electrical
conductors which drive FIGURE 2 shows a filter 21 including filter      the
crystals are routed to configure the liquid cry- elements 22, 23 and 24
which efficiently transmit  20  stals congruently to the configuration and
dimen- green, blue and red light, respectively. The filter  sions of the
filter elements. For example, U.S. elements 22, 23 and 24 are dimensionally
tailored    Patent Number 4,410,887, issued to Stolov et al., and
configured in accordance with the percentages    on October 18, 1983, shows
several colors of filters of the primary light colors in the illumination
in a liquid crystal display device. source, the compensated transmission
factors of   25 the filter elements and the percentages of primary   Claims
colors in pure white light, pursuant to the equation above for compensated
area A. The filter elements    1. A multicolor filter for a display device
illumi- 22, 23 and 24 are configured whereby the cen-            nated by a
light source, comprising a plurality troids 25, 26 and 27, respectively,
lie in the close   30  of filter elements (22,23,24; 30,31,32) for pro-
proximity of a horizontal line 28 which passes           viding the three
primary colors of light, said through adjacent filter elements. The
configurations     filter elements being arranged in triads such are
selected such that the centroids 25, 26 and 27      that each triad
includes at least one filter ele- are substantially centered vertically
within the filter  ment for providing each of said primary colors,
elements, but are not necessarily horizontally cen-   35  characterized in
that the area (A) of each of tered, as demonstrated by the centroids 25 and
26        said filter elements for providing one of said of the filter
elements 22 and 23, respectively.          primary colors is inversely
proportional to the FIGURE 3 is another preferred embodiment of
amount of transmitted intensity of the one pri- a multicolored filter 29
having filter elements 30, 31   mary color of light; and the respective
areas of and 32 which respectively efficiently pass blue, red   40  said
filter elements are tailored to produce and green light. The filter
elements 30, 31 and 32      triads of white light, according to the
equation, also are dimensioned and configured in accor- dance with the
equation for compensated area A.          A = PWP / 3(AP)(CTF),
Additionally, the centroids 33, 34 and 35 of the filter elements 30, 31 and
32, respectively, prefer-  45  where ably are vertically centered but need
not necessar-        A =        tailored area of each filter ele- ily be
horizontally centered, as demonstrated by                      ment for
providing one of said the centroid 33 of the blue element 30. The cen-
primary colors, troids 33, 34 and 35 lie in the close proximity of a
PWP =    percentage of the one primary horizontal line 36, which passes
through the filter  so               color in pure white light (i.e.
elements 30, 31 and 32.                                               50%
for green, 40%  for red, The red, blue and green filter elements for
-    and 10% for blue), each of the embodiments of FIGURES 1, 2 and 3
AP =       actual percentage of the one are arranged in triads, so that
each of the triads                    primary  color in  said  light
includes one filter element for each of the primary   55        .
source, and colors. For this reason, each of the triads is ca-         CTF
=    Compensating transmission fac- pable of efficiently producing a
substantially pure                   tor (i.e. transmission of the one
white light, when all three liquid crystals associated
primary color by the filter ele- 4    
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that primary      32) so gestaltet sind, daB die Schwerpunkte color /
average of the respec-        (25, 26, 27; 33, 34, 35) der Filterelemente
in five transmissions of all three       der Nahe einer geraden Linie (28;
36) liegen, primary colors by the filter ele-     die durch benachbarte
Filterelemente verliuft. ments for providing those pri-   5 mary colors).
Revendlcatlons 2. The filter of claim 1, characterized in that said  1.
Filtre multicolore pour un dispositif d'affichage filter elements
(22,23,24;30,31,32) are config-    illumine par une source lumineuse,
compre- ured    such    that   the    centroids   10       nant une
pluralit4 d'4lments de filtre (22, 23 (25,26,27;33,34,35) of said filter
elements lie in  24 ; 30, 31, 32) pour fournir les trois couleurs the
proximity of a straight line (28;36) passing   primaires de la lumibre,
lesdits 4lments de through adjacent filter elements.
filtre dtant disposds en triades de manibre que chaque triade comporte au
moins un dl6ment PatentansprOche                               16       de
filtre pour fournir chacune desdites coulours primaires, caractirias en ce
quo la zone (A) de 1. Mehrfarbfilter far eine durch eine Uchtquelle
chacun desdits 4lments de filtre pour fournir beleuchtete
Anzeigevorrichtung, umfassend:         l'une desdites couleurs primaires
est inverse- eine Vielzahl von Filterelementen (22, 23, 24;     ment
proportionnelle & la valeur de l'intensitd v-i    30, 31, 32) zur Erzeugung
der drel Primlrfar-  20   dmise de ladite couleur primaire de la lumibre
ben des Lichts, woboei die Filterelemente in       et en ce que les zones
respectives desdits Triaden so angeordnet sind, daB jede Triade
dldments de filtre sont conformdes de manibre wenigstens ein Filterelement
enthalt, um jede      A produire des triades de lumibre blanche der
PrimIrfarben zu erzeugen, dadurch ge-          conformrment& l'dquation:
kennzeichnet, daB die FlAche (A) jedes der  25 Filterelemente zur Erzeugung
der Primarfarben      A = PWP / 3(AP) (CTF), umgekehrt proportional zu der
Menge der durchgolassenon IntensitIt der einen Primar-       oO farbe des
Uchts ist, und daB die jeweiligen           A =       la zone conformde de
chaque FlIchen der Filterelemente so zugeschnitten   30
dldment de filtre pour fournir sind, daB sie Triaden von weiBem Licht nach
l'une desdites couleurs primai- der Gleichung erzeugen:
res, PWP =    pourcentage de ladite couleur A = PWP / 3(AP) (CTF),
primaire en pure lumiere blan- 35                   che (c'est-&-dire 50 %
de vert, worin                                                           40
%  de rouge et 10 %  de A =       zugeschnittene  Flache  jedes
bleu), Filterelements zur Erzeugung             AP =      pourcentage
actuel de ladite einer der Primarfarben;                            couleur
primaire dans ladite PWP =    Prozentsatz der einen Primar-  40
source lumineuse, et farbe in reinem weifen Licht             CTF =
facteur de  transmission  de (d.h. 50%  fOr GrOn, 40%  fOr
compensation (c'est-&-dire de Rot und 10% fOr Blau);
la transmission de ladite cou- AP =      tatslchlicher Prozentsatz der
leur primaire par les dldments einen Primarfarbe in der Licht-  45
de filtre pour s'assurer que la quelle; und
couleur primaire / moyenne des CTF =    kompensierender Durchlissig-
transmissions respectives de keitsfaktor (d.h. Durchlassigkeit
toutes les trois couleurs par les der einen Primarfarbe durch die
dldments de filtre procure ces Filterelemente zur Erzougung   6o
couleurs primaires). dieser Primlrfarbe/Durchschnitt der entsprechenden
Durchlls-       2. Filtre selon la revendication 1, caract6risd en
sigkeiten aller drei Primarfarben     ce que lesdits Eldments de filtre
(22, 23, 24; durch die Filterelemente zur Er-      30, 31, 32) sont
configurds de manibre que les zeugung dieser Primirfarben).   55    centres
de gravit$ (25, 26, 27 ; 33, 34, 35) desdits 4lments de filtre sont situas
a proxi- 2. Filter nach Anspruch 1, dadurch gekennzeich-        mit6 d'une
ligne droite (28 ; 36) passant au not, daB die Filterelemente (22, 23, 24;
30, 31,   travers d'4l6ments de filtre adjacents. 5    


