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PCT/ US99/ 19576 . Liquid Crystal
Color Filter Wth integr ared
Bl ocki ng wo%’c"ﬁﬁr ound This invention rel ﬁ@é%ﬁ%r al ly
to i magi ng systens which may be used, for exanple, I n connection
with digital caneras, scanners, and the |iKke. | magi ng sensors
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! 15 Liquid crystal color filters may be used to produce a switchable shutter made up of a

IJ

pair of serially arranged filters. These filters are electronically switchable because they
include an electronically controllable liquid crystal element. By electrically controlling the
polarization of the liquid crystal element, the light which is transmitted through the filter may
be controlled. ‘

20 In this way, a given wavelength band may be transmitted through a given filter. In
effect, the liquid crystal color filter may be tuned to a particular color. The liquid crystal
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color filters may be tuned to a pair of colors and through color combination, may produce a
third color. Thus, a liquid crystal color filter may form a switchable shutter which can
controllably produce red, green, and blue primary color bands or complementary color bands
‘ 25  such as cyan, magenta and yellow.

Switchable shutters are commercially available. One commercially switchable shutter
is the KAL A switchable shutter produced by ColorLink, Inc., Boulder, Colorado 80301. A
tunable color filter which may be used as one of the filters of a switchable shutter is described
in U.S. Patent 5,689,317 issued to Miller.
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controllably produce red, green, and blue primary col or bands or

conpl enentary col or bands 25 such as cyan, nmagenta and yell ow.

Swi t chabl e shutg,gr comercially avail abl e. One comrer ci abl e
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fone of the filters of a switchable shuttér is described in US.

Patent 5,689, 317 |. . . . .
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fcrystal filter elenent that passes light in the visible spectrum An

I nfrar fié.e' absor bs infrared light and passes light in the
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Vi si bl € spettt B8 The infrared filter is i ncorporated into t he
fliquid crystal flnlat@rdaatewitinone ehihodiment, a lipaidetyistat ¢oder fidfer inbiad Sradiguidg s

crystal filter element that passes light in the visible spectrum. An infrared filter absorbs
infrared light and passes light in the visible spectrum. The infrared filter is incorparated into
the liquid crystal filter element.

15
Description of the Drawings

Figure 1 is a schematic depiction of an imaging system using a liquid crystal filter in 2
switchable shutter system;

Figure 2 is an idealized graph of percent of transmission versus wavelength for the

20  switchable shutter shown in Figure 1;

Figure 3 is an absorbance in square centimeters per milligram versus wavelength in
nanometers for a pair of dyes that may be used in connection with the embodiment shown in
Figure 1; and

Figure 4 is an idealized graph of transmittance versus wavelength in nanometers with

25  aninfrared blocking dye integrated into the switchable shutter shown in Figure 1.

Detailed Description
Referring to Figure 1, an imaging system 10 which may be used for example in
connection with a digital camera, a scanner, or similar devices, includes a switchable shutter
30 12 which sequentially passes each of a plurality of color planes such as the red, green and
blue color planes. The switchable shutter 12 is tunable to produce a variety of different
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from ColorLink, Inc. of Boulder, Colorado 80301. The shutter 12 is synchronously switched
to successively provide color information in each of the desired bands. The KALA filter
switches between an additive primary color (RGB) and a complementary subtractive primary

15  color {CMY). Input white light is converted to orthogonally polarized complementary colors.

The color shutter is electronically switchable between transmission spectra centered in
each of a plurality of additive color planes such as the red, green and blue (RGB) primary
color planes. The color shutter may be sequentially switched to provide three color planes
that are combined to create a three color representation of an image.

20 The use of color shutters in imaging systems may advantageously allow each pixel
image sensor to successively respond to each of three color bands. Otherwise, separate pixel
image sensors must be interspersed in the array for each of the necessary color bands. Then,
the missing information for each pixel site, for the remaining two color planes, is deduced
using interpolation techniques. With the color shutter, every pixel can detect each of three

25  color bands, which should increase color definition without interpolation.

A conventional lens system 18 is provided between the imaging sensor 20 and the
switchable shutter 12. The imaging sensor 20 communicates with a conventional image
processor 22 in a known fashion.

Advantageously, the switchable shutter 12 is made up of a pair of liquid crystal color

30  filters 14 and 16. For example, the filter 14 may provide a blue/yellow stage while the
filter 16 may provide a red/cyan stage. The color shutter 12 then may selectively provide

three additive primary color bands as well as a black state.
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24,28, 30 or 36.
Referring to Figure 2, light in the visible spectrum, with wavelengths from
approximately 400 to 700 nm, is transmitted through the shutter 12 depending on the
20  particular wavelength color band to which it is tuned. The transmittance of blue, green and

red components in an idealized embodiment is illustrated. After the visible spectrum, whose
boundary is marked in dashed lines in Figure 2, the infrared spectrum extends upwardly from
about 700 nm. The imaging system 10 may be sensitive to infrared up to at least 1200 nm.
Thus, in accordance with an embodiment of the present invention, the infrared
25  component may be absorbed by the dye while passing the visible component. This avoids
inadvertent spurious detection of the infrared component which may have the adverse effects
described previously.
One exemplary combination of infrared blocking dyes may have the absorbance
characteristics shown in Figure 3. Namely the illustrated dyes have absorbance of grater than
30 50 cm.%mg. in the band from about 800 to about 1200 nm. This range may substantially
correspond to that infrared transmission region to which an imaging system 10 may be

sensitive. In addition the dyes may have an absorbance of less than 50 cm.%/mg between 500
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pol arizer 24 may be a liquid crystal 26. Behind the liquid crystal 26 may
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The peak absorption of dye A (which is NK#113) is about 840 nm. which is substantially at
the infrared transmittance peak of the shutter 12, as illustrated in Figure 2. The dye B

15  extends the infrared absorption capability of the combination to about 1250 nm.
Referring to Figure 4, the idealized transmittance characteristics of an infrared
blocking dye for embodiments of the present invention is illustrated. Ideally, the dyes have



sensitive. In addition the dyes may have an absorbance of |ess than 50
cmlerr]/nmy between 500 -5- and approxi mately 700nm By
absorbing the {fgyasRs conponents in one range while passiNngperussonydrsi bl e
| i ght components in another range, an effective infrared bl OCﬁI ng system
can be i mpl enent ed V\:hl ch does not degrade the color transmttance of
the switchable shutter he dye "A" may be m xed in equal
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operation of t heogﬁﬁf“ﬂt@? © ’gi%“%km?‘mg dyes mc Rinope &%‘fﬁ’ﬁl}{%ﬁ( Figure 3
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Ltd. of Japan, NK#113 which is bis

Kenkyusho Co
[err] %QMQ%QW%EHTZFqn)C Wé‘l@@*}deétt‘?rfﬁ'l B Kavi ng the fol |l owi ng
structure:

CH,OCH)NH O NH, O

2
(N-alkyl)-2,3-dicarboximide-1,4-diamino-
anthraquinone

=

CH,-CH,CH,
| (N-alkyl*)-3’-thioxo-
2,3-dicarboximide-
1,4-diamino *
anthraquinone

which have absorption peaks of 705, 750 and 810 nm respectively.

In addition the infrared absorbing dyes may be covalently bonded to the liguid crystal

ligand. Other reactive combinations with the liquid crystal may be used as well. Alternative,
10 simple admixtures and suspensions may also be suitable.

Thus, an infrared blocking dye integrated into a liquid crystal color filter may achieve
substantial blocking of infrared radiation while allowing substantial amounts of visible light
to pass unaffected by the dye. In this way, an external infrared blocking element is not
necessary.

15 In one embodiment, the layers 24 or 36 or the substrates 28 or 30 may be
chemically-doped or ionically-colored glass. The layers 24, 26, 28 or 30 may be doped with
an ionic colorant, having infrared blocking ability such as for example copper oxide (CuO).



and NK#114 which is bis((4-dinmethylam no) dithiobenzil) nickel conplex

havi ng the .follow ng structure: [err]

The peak absorp{v'bon of dye A (which is NK#113) is about 840 nm_which is
substantially a 0019252 { e infrared transmittance peak of t hePSHHIPAM42,
as illustrated in Figure 2. The dye B 15 extends the infrared absorption
capability of the conbination to about 12830 nm Referring to

Figure 4, the idealized transmttance characterjstics of an_infrared
bl ocki ng dye for RIRerRsesshermake 1B selepiivedpmicalbyrcolorrdgiass v knewn, These glassegjare

I deal Iy, the,dups,B3%R4 by way of a conventional melting7process. In one known process, the
-6 - 100% transnmittance up to about 700 nm and substantially no

t ransni t t ancehentieal deffantuesponible for creating the ieti¢ colerationy be, tnbaupntispch@sdor e 3
approxi mate [ i : : ' Lafr ' dyes
"nel ude ant h%’g%’g’f b oxidg (R is opbine P Eofih bAGLE wid a&%@&’%@é’“ﬁ?‘gs

may be i @dcl ufbe (ﬂormri]:g mgt;'lx deisupparnt thetcalorant, swmabras phdﬁpériggsnpinamtdh By, mohe dyes
are non-ioni s‘in&?&' bior%gilliga ee, otr diaflpnllel g(iavgs B34 other components to form the ionically-colored
glass. In one embodiment, a suitable ionically-colored glass is a CM-500™ glass distributed .
by Hoya Optics of Fremont, California, made of the following weight percents: more than
51% P,0s, 11-20% aluminum oxide, 1-10% lithium oxide, and 1-10% copper oxide. In
10  another embodiment, a suitable ionically-colored glass is BG 39™ distributed by Schott
Glass Technologies of Duryea, Pennsylvania, made of boron oxide, barium oxide, sodium
oxide, potassium oxide, calcium oxide, aluminum oxide, arsenic trioxide, lithium oxide,
phosphorous oxide, cerium oxide, and copper oxide,
Ionically-colored glass is potentially more susceptible to interaction with and attack
15 by moisture and other elements than borosilicate or soda lime glass. This interaction and
attack can degrade the surface polish through hydrolization and potentially disrupt the
adhesion between the glass and the organic material used to seal the glass to the layers 24, 36,
28 or 30. One approach to stabilizing the surface of ionically-colored glass, is to overcoat the
element with silicon dioxide (Si0;) or other transparent refractory metal oxides, such as
20  titanium oxide (Ti0,), by conventional sputtering or evaporation. A coating on the order of]
for example, 20-50 A is sufficient to protect the seal and prevent moisture from penetrating
the surface and interacting with the chemical dopants, for example, CuO in the element.
A second approach of protecting the ionically-colored glass from the deleterious
effects encountered in the environment, particularly moisture, is to coat the element with a
25  chemical stabilizer. A useful chemical stabilizer is available in the form of adhesion
promoters that are used in the integrated circuit wafer fabrication industry as a method for
improving the adhesion of photoresist on substrate films. Examples of adhesion promoters
include hexamethyldisilizane (HMDS), trimethylsilylacetamide,
diethylaminonitrimethylsilane, glycidoxypropyltrimethoxysilane,
30  3-aminopropyltriethoxysilane, and N-(2-aminoethyl)-3-amino-propyltrimethoxysilane.
The adhesion promoter HMDS, for example, is believed to improve adhesion by
chemically reacting on the wafer surface to form a thin monolayer of essentially pure SiO,.
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Al ternative, 10 si mpl e adm xtures and ;suspensions nay al so be suitable.
Thus, an infrared bl ocking dye integrated into a |liquid crystal color

211 owi ng. o ABe kRS st Rghe e marrne « Bl e A8 o by
the dye. | Qdieiofi. WBYrea@idnudyietefresefited a¢ fotlows:ocki ng el enment is not
necessany. 2[8i, ~ OH ]+ (CH,),5i = N(H) - §i(CH,), — 2[Si; ~ O — SI(CH,),]1+ NH,

where “Sig” represents a silicon atom resident in the substrate surface.

5 According to one embodiment, ionically-colored glass, that has a component of
phosphorous, such as glass doped with jonic colorant CuQ, reacts with an adhesion promoter,
such as HMDS, to surface treat the glass from exposure to environmental effects such as
moisture by forming a thin layer, e.g., 20-50 A, of SiO;-like material on the surface of the
glass. More specifically, the adhesion promoter material reacts to form a siloxane bond with

10  the SiO; surface, with an organic moiety turned outwards.

One advantage to the adhesion promoter approach over sputtering or evaporating to
surface treat an ionically-colored element is that it can be carried out in simple, lower cost
equipment. Examples include, but are not limited to, glass chambers at atmospheric pressure
with a small quantity, approximately 30-50 milliliters, of HMDS liquid as a vapor source,

15 vacuum prime ovens that combine baking (to drive off moisture) with the introduction of
HMDS vapor at sub-atmospheric pressure to provide the surface treatment. An example of
the treatment in a vacuum prime oven includes baking the substrate in dry nitrogen (100°C,
760-10 Torr, 15 min.) and exposing the substrate to HMDS vapor in vacuum (100°C, 10
Torr, 2 min.), and then pumping/purging the system with dry nitrogen (100°C, 10-760 Torr,

20 15 min.). The treatment produces a 20-50A thick chemical stabilizer layer over the surface of
the glass. '

A second advantage to the adhesion promoter approach is that it is compatible with
high cleanliness processing. Surface treatment with HMDS, for example, produces virtually
no added defects. Sputtering and evaporation with SiO; or other transparent refractory metal

25  oxide requires that the equipment be specially designed and carefully operated and
maintained to ensure low-defect surfaces.

For a discussion of adhesion promoter treatments in integrated circuit processing,
reference is made to Mittal, K.L., “Factors Affecting Adhesion of Lithographic Materials,”
Solid State Technology, May 1979, at 88-96, Helbert, I.N. & Saha, N., “Application of

30  Silanes for Promoting Resistant Patterning Layer Adhesion in Semiconductor
Manufacturing,” J. Adhesion Sci. Tech., Vol. 5, No. 10, at 905-25 (1991), and Bourtram,
M.E., Howard, A.J.,, Baca, A.G., Shul, R.J., & Rieger, D.J., “A New Method for Promoting



15 - I'n one enbodi nent, the |layers 24 or 36 or the substrates 28 or

30 may be chem cal | y-doped or ionically-colored glass. The | ayers 24,
26, 28 or 30 may be doped with an ionic col orant, havi ng i nfrared
CT/US99/19576 -

bl ocki ng abi | i tYP8tR5%s for exanpl e copper oxide (CuO).
-7- Processes to nmake IR selective ionically-colored glass
are known. These gl asses are genefal |y formed by way of a
conventional nelting process. In one known process, the chem cal

dopant respBhaorosist Adhesion emTungsten Fdms SwiSelfdimediReftnstory Geates om Gedisddant such
as for |l &.C r | %@_ ' i in a nelting process
with a comglﬁgﬁ%%%g;gég%ﬁﬁﬁé O’C)Ig&q%fa(ér o?onqozggéégarr‘al? rsgx to support the

col orant, such a=a apbthepdmirodinsenp dired layersiZd qrBier 28 6f 30rmi3) be watdd instead of using

silicate, borosilicate, ,or sodg.li | ass _and ot her conponents to formthe
oni cal | y- o8t Gpisat-enbred gmaat Moy WerheflR oc B stk oML o el
i oni cal I51¥- ce}bmézﬁdazglkﬁml f.i %m@%’@gﬂb@;;véﬂti@hmf ltlhq; mitexiidwizeﬁaanufacmred Byingloya
Optics of Frempnpt, Californja, nmade the follown j ght, percgents: nore
than I Tooning Spespani | v amep B AF IR e (T Om RO SRR o
and 1-10%c I siReon@Ride!(Si ,Qnagn%ﬁﬁ&h'bﬁfde e,iaﬁ@fﬁnahﬁh?é&ax@dy €a,0s).
I oni cal | y-cggligrged gl ass i(soéG Olerr], di g?r?i ut ed bty chot t (Faz 5). d ass
Technol ogi eSodngpmayeactued fasythess maerialatrcighly psistont o drmage foum Phrmioi de,
sodi um _humi&i&%rroﬁ?é G lidATD 22 s6lFent AL QIR whih PRy m&%g@g@_
arsenic trioxide, |1thiumoxide, . phosphorous oxi de, cerium oxide,
and copier pwpese conditions. These conditiong hyipically ipckude bigh teraperatuge.iis., greptentham| | y
nore suscepig : | r I Q2 W R ¥ LSk ot her
ol crent ot Pogy o ikl R ol Ridthsobani kRl Nater Mok il
attack can pewgtratibe, inbluding igloxcdisqhatziesind réacivagas kprinhed depasitiomtosfoon basdent i al | y
di srupt theco ings adhesi on between the glass and the organic material used
to seal the galnags to the layers 24, 36, 28 or 30. One approach to
st abi li zi ng t he Eherd &re e nofberadnetHody eftfotniing IR fiflasalective hiud coatiEieatentshe
el ement,Wm th siJdicon di.oxl i d.err or,.ot her. traps ent refractory
metal oXi degl,c"ﬁ]g%’rc]buégogylkgﬁ?’gdgﬁﬁ%%nb%aaoemwﬂ’ ad(’alﬁ?ljlﬁa, org CERTER Conal
sputtering methedegepridnted belbwcoati ng on the order of,

One method of forming IR light selective hard coating elements is through an

electron-beam evaporation process. In the electron-beam evaporation process, the coating
chemical is heated to an evaporation temperature by bombardment with a beam of

20  accelerated electrons. In addition to the high degree of control over the evaporation of the
coating chemical, the electron-beam evaporation process provides the ability to achieve
extremely high evaporation temperatures.

Another method of forming IR light selective hard coating elements is ion-assisted

deposition (JAD). The IAD process utilizes conventional hard coating processes wherein

25  conventionally deposited films are coated over the element, such as glass, and arrive at the
element with relatively low energy (approximately 1eV). This low energy level is considered
to be a primary contributor to the formation of columnar, porous crystal structures. The
principal function of the IAD process is to bombard the coating material with accelerated ions
in an effort to densify the coating. To form the coated element, an element coated with the

30  appropriate material is placed in a coating chamber where the element is exposed to an
electrically-charged argon or oxygen gas plasma. When energized, a plasma of high energy
particles (approximately 120eV) flows at the element. As the accelerated ions collide with



for exanple, 20-50 Ais sufficient to protect the seal and prevent noisture
from penetrating the surface and interacting wth the chem cal
dopants, for eyyg} CuO in the el enent. A sg&pﬂg”ﬁg_p,%oach
of protecting the i1onically-colored glass fromthe del eterious

effects encountered in the environnent, grtlcul arly noisture, is to coat
the elenment with a 25 chem cal stabi I i'zér. A useful chemical stabilizer

i s avail abl he for. f, ,adhesj 0 noters that .are use in the
|t ograt od 4 RatHE RERUR BT Sraheherieped GRS

i mproving tféﬁeaﬁﬁi@eﬁmwda&aﬁhﬁtsﬁﬁﬁﬁm Fxlﬁl@a&l&!@ddhﬁh& dfiokPecan Examﬂve@u@ﬁg
adhesi on pronoters cl ude hexanet hy |S|I|zane (H

trimethyl si 48 %P‘Qﬁ‘?sﬂé"mpared“’ a ElpRYeIY B °é?ﬁsn F"P’&r?éh‘b“"d by

gl yci doxypr QBWehﬁbﬂﬁ?H&Hé&Y&fth@@&ﬂné&aten@l mp&&l{rﬁmh§®'c%§ﬁﬁﬁéé%h|n€b?&se&ﬂd
N- (2-am noet hyl ) - 3-am no- pro yl tr1 met hoxysil ane The adhesi on

pr onot er3 Hmmromrat@x bivower thetypisaljdeysity aﬁ@ﬁ\f%ﬁl@&@m’é{mﬂcﬂﬂwmn

chem cal ly o %g on the wafer surface to forma thin nonol ayer of
essentially pure err]
- 8- This ﬂnbthf:tmﬁb@d of forming vesited IRdightrslestinsdiardnoatingwlements s theengh

t abl
UL STyl O 16 s g GRS RELRTISy
N(H) - 9[ er Mhis@irneipic iy palizel to achivSinfiémm] up to)mo%(daﬂ[ed'ﬂm]la)){ersr instead oNedingg r |

where "Si resents a, sil resi.d nthe bstrate surface. 5
hccor di Tt SRS GeRienk FnE RFDEC RIS A Db, BRI AR 2Phiro oo
of phaoeljzh apaithe estaldishaent gf eisdrofiapmic wittabtionarficeating ipartiales toGhelemanct s
wi th an adhesi,on such as HVDS, to surface treat the gl ass
from exposur& h[‘ﬁggaﬁ?n Meﬁfefg?‘rects such as noi sture by formng a

thin layer, e.g. In#eiddldingProctssCh chiciically keatetdlandntis pmmeah@@umsace of the
ronot er terial actstoforma

glass. Mre s CI fi caI Yéhe ggem on
si | oxane boﬁ& a%‘?% FORTeRt asma sourgh . °lbﬁ“6‘?dd& tfpi ety turned
out war dgs hzgh—currcnt argon ;mmaaadwaba@ﬁ-uemteb@oﬁdb@&m ot fRFtichds BEvatN

over sputteri evapqrati
P pogigvely charge% y the ﬁgsma at the point of evaporation. The chamber is designed to

aliow the formation of a negative electrical charge on the element during processing. The

electromagnetic attraction induced by the oppositely charged coating particles and element

provide the necessary acceleration to achieve a uniform film with up to 100% film packing
20  density on the substrate.

The processes described above for forming IR light selective hard-coated elements are
known in the industry. Reference is made to the processes developed by Corion Corporation,
including the STABILIFE™ jon-plating process.

The coated element or filter may be made up of a coating of a single material or a

25  series of coatings of the same or different materials depending on the desired light selectivity
requirements. Balzers Thin Films of Golden, Colorado offers several suitable IR light
selective hard-coated glass elements, including products marketed under the trade names
IRB-1™, IRB-2™, JRB-3™, and Cal-Flex™,

The hard coating materials and processes discussed above relate primarily to

30  “inorganic” chemical coatings (e.g., TiO;, SiOs, MgO, TayOs, etc.). Organic compounds,
compounds having organic characteristics, or polymers are also contemplated,



surface treat an ionically-colored elenent is that it can be carried out in
si npl e, +l ower cost equi pnent. Exanples include, but are not limted
to, glass chanbers at at nospheric pressure with a small quantity,
approxi mately JO8¥IN%F |iliters, of HVDS |iquid as a vapor soBFEESIMESE -
vacuum prime ovens that conbine baking (to drive off noisture) with the

I ntroduction of HVDS vapor at sub-athospheric pressure to provide the
surface treatnment An exanpl e of the treatnment in a vacuum prime oven
i ncl udes baki ng t'l’m embbéimeatseiesqnibdri gbome are dypacally r@0fporatdddnto or with 2 BBGs @,

(100 erry ¢, ol SRR, idg e, 1731 Bl il ABREE RS IR
with dry niteé¢leagean c(vrit&ﬁi:leﬂed }:y‘,xhejaﬁveﬁﬁ&x fEmrpﬂasuQamnentlﬁl onerembodifiieat, & phsticrent

produces a 20550A f hi h cal er over .the surface of
the gl ass. subsu'aw’sma%co? e]g%&? {‘Gy?lh‘é"g%@?r “ﬁf’ﬂ?‘?ﬁ‘f’%@m

approachsis gt it is conpati bl e W t h hi gh cl eanl i ness proceSS| ng.
Surface treatnment_with HVDS, for exa produces virtual ly

added defects. sporamsthedotfpamiag apk glﬂl‘ 8slecfive plasgiccsierpgnt Ettﬂ'féﬁlght‘ﬂﬁﬁs"ﬁar ent
refractory nRbRing? IR dydfelige t?ﬁ&éUnEe%ﬁal:ltéHaﬁy ﬁl@ﬁxv@;ﬁiéh%@?%xcﬁ@ sBpfel ;La(vder

desi gned and carefully opera mai_nt ai o0 énsure | ow defect
surfaces.  form. Thus, the mﬂ&?@h”@f"s@&%’é‘leé Withplastinesing thabibemesives atetyieatint s i n

i ntegrated c -
" Factors AfSRE T RERGEaE Mpthods of i HELBRER IoR (FREGr 4 Babhlar, Bt

.Technol 38y, miyngl Qie@oméme@ gxagmal isiinj estadthrogghhe couvetional injection sppiding davicon of
Ser conduct or AR eGP Mehln 1§ B il Bk SRR, 1
10, at 905 2Aschnipe.lg plasmdndaomer suhnas methyl methacEylate Hiwnamek, isAast into Balpat and. G, |

Sgul , %ngt‘ g8l "A New Met hod for Pronoting

or eS| st Adhe5| on on Tungsten Filns for Self-Aligned
Refractory G at esA thirdGea§of forihing the IR selédtiee plagticiebimenBde by diyebating 46y thiso. 10,
at 29 98'1§000 éh%c}u%bt?le II% 8 1)s mixed with a polymer such as poly(methyl methacrylate) or
polycarbonate(s). An element that may be plastic, glass, or other suitable element, is dipped
into a solvent system and withdrawn slowly at a controlled speed. The solvent system can
contain one solvent or a mixture of solvents with fast, medium, and slow evaporation rates
that provide a smooth and even coating. In one embodiment, the viscosity of the solvent
20  system is in the range of 30-100 mPa-sec. The coated element is then heated to
approximately 160°C in the case of a polycarbonate element and 120°C in the case of a
poly(methyl methacrylate) element for thirty minutes to remove the solvent,
‘While the present invention has been described with respect to a limited number of
embodiments, those skilled the art will appreciate numerous modifications and variations. It
25  isintended that the appended claims cover all such modifications or variations which fall
within the true spirit and scope of the present invention.

What is claimed is:



I n anot her enbodi ment, the |ayers 2 lmmm' 30 may be coated
i nst ead- of usi ng an ionicall ”emua . Many chem cals for

. * ¢ . .
use as a coati % |aI for glass 5 el efrent s are known. Pyilﬁlsﬁg?hya' ty
of conventional coating materials are nmanufactured using the

foll ow ng "inorganic" evaporation chem cahfz titaniumdioxide (Tigerr]),
silicon dioxide (SiJerr]), silicon“oxide (Si O, magnesi um oxi de

(MO, and tantal ym pen XI de E Tal er - Coat i ngs nmanuf act ured
fromthese materials a-? %ﬁé{‘ié §2n§arrage from abr asi on,
hum dity, corrosive Ch@mxﬁ@&&s@rmteﬁakm&ﬂmp@%@ﬁdlﬁ&haﬁgblekp&aumhﬁﬂ

appl i ed under proper 10 process conditions. These conditigns typically

include R gh tenperat u&r@nﬂ@re%ﬁlterghaéalesefbsmedhght and pagses Behtpectheisile vacuum
free of rgsi ) %@ﬁﬁ%@%lt%ﬁ&?p&&gd Wed &ld qu%RPc“rystsH"ﬁ?tG}élhﬂéhtSUbSt rate
penetration, 1nc ud| ng gl ow di scharge, and reactive gas enriched deposition
to form hard coati ngs. There are a nunber of methods

Ol forming |R 991 S ohitler 6 Ak RAL A HARIAHIG: & Tormel Hot a0, but ot

limted to, deposition, evaporation am nation. Represen

met hods are presented beI oWw. One nethod of formng IR |ight
sel ective hard cogtin

evapor at |e[on process. ?‘F] t g"? {@altron %e m evgebl})ef%‘flf%ﬁgﬁﬁgc%%&%y&%%%g%oat| ng
chem cal 3 s Hdgaisdsboiporaed imtoaholiatid aystélenper at ure by bonbardment with a beam
of 20 accelerated electrons. In addition to the high degree of control

over the evaporation of the coating chem cal, the el ectron-beam
evapor atifon procesgs prThe fitesof Dleinadwhereln shid dye b comed on said liqudd brystakfilier hi gh
evapor ation tenperat ures. Anot her nethod of formng IR |ight
sel ecti vé® haf @ ™EBati ng el ements is ion-assisted deposition (LAD).

The LAD process utilizes conventi onal hard coating processes wherein 25
conventional | y deposit.ed are_coated gver the ele such as ass,
and arrive at’thes fI Phereid aid dyshv@m%qﬁv b5 9f gern tely
leV). This I%gueﬁ%é_evel i s considered to be a primary
contributor to the formation of columar, porous crystal structures. The
principal function of the I AD process is to bonbard the coating materi al

Wi th accel erated ons The filter of a5 ¥héreinsalddiidemaludes é&}@hﬁ&ﬁidhﬁ&baﬁ@ form
the coated el enent, an el,ement coated with the 30 ppropriate material is

placed i P a SHAT Agn ) GRHES. QK Paangs &rogl mm@yé%@géﬂaﬁp@wmy
el ectrical |l yiehipged argon or oxygen gas plasma. Wen energized, a plasm

of high energy particles (approximately 120eV) flows at the el enent .
As the accelerated ions collide with
1 7. The filter of Claim 2 wherein said dye is an anthraquinone dye.
8. The filter of claim 1 wherein said element includes an ionically colored glass

2 clement as the infrared blocking filter.

1 9. The filter of claim 1 wherein said element includes an optical interference
2 coating on one surface as the infrared blocking filter.

10.  The filter of Claim 6 wherein said dye has an absorbance of less than
2 50 cm.*/mg. between approximately 500 and approximately 700 nm.
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-10- . the coating materi al‘”mw at the elenent, the

coating -material is conpacted m“m h denser film structure.
Fi | m packi ng densities of 95% can l‘)m\mmma ’ the | AD process
conpared to a Mool y porous, colrumharcriystal “structure eBdIVEO¥ERSGOY
conventional deposit of the coating material. The packing density
constitutes an increase of 5 approxi rel3el y 15% over the typical density
achi eved usi ng conventional evaporation processes.

Anot her pet hod ofiif or Thatqsidatyesll filkr bf Qlaim $ edohalingueliduit dytdsinagded ®nent s

is through an ion.platin rocess. .lon plating is based upon the
pri nci pl of°°1éﬂréﬂ?‘?"é’ﬁﬁ@ﬁ@%‘é”é\?g?‘%@fﬁwmlam“‘ This principle is utilized

to achieve uniform up to 100% dense filmlayers. Instead of using 10
hi gh kinetic eneggy to pack coating particles as in the LAD process, the
5

ion plating proc The filteryof Claim in prid dys is povalentie hendsd toseiddigBihagnet i ¢

attractign %&{?’ati ng particles to the el enent, such as glass, to
forma dense Tilm In the ion plating process, a chemcally
coated elenent is placed in a chanber equi pped with a | owvoltage,

hi gh-curyent plagqa 5%[% ﬁﬁer"}dg*cfaﬁn b SvndrifalPaydiifhfdes Qbiégdigﬁd%' Gidhrent
argon plasma at an’ el ectron-beam evapor atl orn source. atrng particles
become 2 complsitively charged by the plasnma at the point of evaporation.
The chanber is designed to all ow the formati on of a negative

el ectrical charge on the elenment during processing. The

el ect ronhgnet i c d#t r aGhe Glter af dlate d3 hereinsaidpiye ficludbs/a mbxture efitwoakyes which

particles a l.epren .. Provi de the necessar ccel erat to achi eve
a uni for%fmq?ﬁ%ﬁe‘ijﬁv?a“ﬁ%%afvflm ggﬁ?ﬁﬁ“? er°%§ﬁs‘ﬁ’ﬁ/mg’ﬁ‘d]ﬂ’ﬁg"substrate.
The processes descri bed above for formng IR Iight selective hard-coated

el enents_are Kk in the ihdustry.. Reference is nmade .to the
processel devel oféd b@'g%}‘?fc?ﬁgﬁﬂg?” ﬁ%ﬁ?‘d%ycsmcu %WH‘E!‘FF\@F‘?‘F@'

STABI LI FE[ erdithethplamfiiod dithigbaeioedsi®! complex and bis(dithiob&hig]) aleRéleEmplegment or
filter may be made up of a coating of a single material or a 25 series of
coatings of the sane or different materials depending on the desired |ight

selectivity requi renents. Bal zers Thin Filnms of Golden, Col orado
of fers several suitable IR |ight
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sel ective hard-coated gl ass el enents, including products nmarketed under the

trade nanes
The hard coati
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technique, the IR dye is mxed with a pol ynmer such as pol y(net hyl
met hacryl ate) od4 ol ycarbonate(s). An elenent that may be plastic,
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that provide a.snoboth and even coating. In one enbodi nent, the viscosity of
the solvent 20 systemis in the range of 30-100 nPa-sec. The coated

el enent is then heated to approximately 160[err]C in the case of a
pol ycar bonat e ®eteams2and 120[err]C in the case of a [(RETY(SAXIMTE -
met hacryl ate) element for thirty mnutes to renove the sol vent.

Wil e the present invention has been described with respect to a limted

nunber of enbodi ments, those skille e art will appreciate

nunmer ous nodifications and variations. It is intended that the
appended cl ai ns r all such nodifications or variations which fal
within the true spi'rft and scope of the present invention.

What is clained is: - 12 Cl ai ns: 1
A liquid crystal colpr filter conprising: aliquid crystal filter

el enment that passes }Jight in the visible spectrum and an infrared

filter that abg®rbs fnfrared |ight and passeg-dight in the visible

spectrum sai m ared filter incorpondted into saidBliquid crystal

filter elementgs R absorbance greater

than 50 cm[er&. per rom agpr oxymat el y 800 '
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2. “,The filter of Claim1l wherein infrared filter is forned froma g TTSHEET
37 The filter of Claim2 wherein said el enent includes a | i quid crystal
and said dye is incorporated into the liquid crystal. . The filter of
Claim 2 wherein said dye is coated on said liquid c 1y ment .
5. The filter of Caim2 wherein saldgye has an lmamﬂmmu"r"m ce of
greater that 50 cm[err]/nyg. 6. The filter of Clairm 2whéretn said dye
i s an ant hraqui none dye. 7. The filter of Claim1 wherein said el enent
i ncl udes ancigfmiscal |y col ored gl ass el enent. 8. The filter of Cdaim1l
wherein said elenent includes an optical interference coating on one
surf.ace.

REPLACEMENTL SHEEA 1iquid crystal color filter comprising:

a liquid crystal filter element that passes light in the
vigible spectrum; and

an infrared filter that absorbs infrared light and passes
light in the +wvisible gpectrum, said infrared filter
incorporated into said 1liquid crystal filter element, said
filter including a die that has an absorbance greater than 50

2

cm. per milligram over a vrange from approximately 800

nanometers to approximately 1200 nanometers.

2. The filter of Claim 1 wherein infrared filter is formed

from a dye.

3. The filter of Claim 2 wherein said element includes a
ligquid crystal and said dye is incorporated into the 1liquid

crystal.

4. The filter of Claim 2 wherein said dye is coated on said

liquid crystal filter element.

5. The filter of Claim 2 wherein said dye has an infrared

abgsorbance of greater that 50 cm.?/mg.

6. The filter of Claim 2 wherein said dye is an anthraguinone
dye.
7. The filter of Claim 1 wherein said element includes an

ionically colored glass element.

8. The filter of Claim 1 wherein gaid element includes an

optical interference coating on one surface.

REPLACEMENT SHEET
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- 9. ThefitTer of Caim2 wherein said dye has an abs&EB%&E&lEgT SHEET
I%’%s t han 50 cm[ fl Tmapprom mat el y 500 and approxi mately 700
nm 10. The i !‘ (Jll E "m' er of Jdaim1l including a liquid crystal

orcsel e

surrounded by a co ®tive polarizer and a neutral |inear polarizer.
11. The filter of Caim2 wherein saidzdye is covalently bonded to said
liquid crystal. 12. The filter of daim 2 wherein said dye

includes a bis(dithiobenzil)nickel conplex. 13. The filter of Caim13
wher ei n saiod dyehknghue@s o raDsiinr e Qﬁefd!ﬂl dssaea Wbt Chad| &t kabatirbaned over a

wi der wavel eng h range han ei the ald dyes indiyvi qoqal ly. 14. . The
filter of Gfai 5ne V\ﬁ%%al‘b Y% ai’g- d; ??SF‘(’J a IPRPHrR? 500 “and
bi s( (4- di nepbybrimat@)lei vhe abenzi | ) ni ckel conpl ex and
bi s(di t hi obenzil)ni ckel conpl ex.
10. The liquid crystal filter of Claim 1 including a liquid
crystal surrounded by a color selective polarizer and a neutral

linear polarizer.

11. The filter of Claim 2 wherein said dye is covalently

bonded to said liquid crystal.

12. The filter of Claim 2 wherein said dye includes a

big{dithiobenzil)nickel complex.

13. The filter of Claim 13 wherein said dye includes a mixture
of two dyes which block infrared over a wider wavelength range

than either of said dyes individually.

14. The filter of Claim 13 wherein said dyes include a mixture
of bis{{4-dimethylamino)dithiobenzil)nickel complex and

bis{dithiobenzil)nickel complex.

i15. A method comprising:

forming a liquid crystal filter element; and

incorporating a dye in said filter which is absorptive of
infrared wavelengths and transmissive of wavelengths in the
vigible spectrum, said die having an absorbance greater than 50
cm®* per milligram over a range or approximately 800 nanometers

to approximately 1200 nanometers.

16. The method of Claim 16 wherein said filter includes a pass

band and said method including sequentially changing the pass

REPLACEMENT SHEET
22 MAR 2001

band of said filter.




15. A method ceonpri sing: formng aliquid crystal filter elenent; and
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{57) Abstract

A liquid crystal color filter may include an infrared blocking dye integrated within the filter to prevent infrared radiation from adversely
affecting the performance of the filter when used in an imaging sysiem. The dye may be incorporated into a liquid crystal element in the
filter or may be coated on components thereof. Suitable dycs are transmissive of light in the visible range and substantially absorbent of
light in the infrared range from approximately 800 nm to 1200 nm in wavelength.




