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- NEW LI QoD CRYSTAL DI SPLAY DEVI CE AND METHCD Thi s i nventfPerfory
: ly:relates to a new liquid crystal display device and nethod of A
maki ng .same. More particularly, the invention relates to a new liquid
crystal- 2di spl ay..device which utilizes a special black matrix coating on an
- kxiside stirface of:.the front glass viewing panel.  Backgrund of the s
flnvention: L As known fromthe prior art, the liquid crysta
[ (LCD) device is Dbasically conprised of two substrates (e.g. glass
~di sposed in parallel with eakth other at a given distance,
‘ent el ectroconductive filns strips or coating |ayers being
sel ecti'vely di sposed on the o_eosing surfaces of those two substrates, an
nt Lyst emNEVH LEQUERIGRYSTAL DISPLAY-DEVICE: AND:METHOD | ni t o
di recti-on: whi ch covers each of said substrate surfaces and the
el ectroconductive strips or layers placed thereon, and a liquid crystal
filling-the space brfiyearntite beddd ks &Y 8 RW 11@&&1*&&&@ a(kﬁl%( fd%@fcé Al the
e

device " ‘being tightly sealed to guard agai nst any | eakage h rquird

crystal.:r ale. 1 : eat. .years. |iguid crystal display
devi ces.';_-'_-gg%g{oggdgr?mvlﬁm FefdmGit 1 -OlrezB%Hn?%faﬁﬁbﬁlgtlﬁ%lﬁoplrﬁiﬁgﬁé‘?\élne i 4giid ¢ i ces,
for exanple, in |lap top conputers,, I ce aut ormation equipnent, personal
conput er sf?lSﬂaXté‘-’%’}FFe‘@Wc#\‘}“g?%cﬂjﬁHegl,a?gL"ﬂk RALTIK  GRRUNEr AR §njiBsige surface of thqui d
crystal:devi ces have advantages such as | ow power consunption, |ight

wei ght ,..-'.F:-.-_afl'@nt,gl,éﬁﬁ Kiﬁwlél’gfﬁ%l?]ent space-vol une requirenents. :

As known from the prior art, the liquid crystal display (LCD) device is

l'?asiqallj;-.-.cé)mprised of two substrates (e.g. glass panels) disposed in parallel with each

_dther ata 3'§/en distance, transparent electroconductive films strips or coating layers being

¥ ,_'s':électively d;isposed on the opposing surfaces of those two substrates, an alignment system

_ﬁfor ahgmng liquid crystal molecules in a definite direction which covers each of said

Substrate'suifaces and the electroconductive strips or layers placed thereon, and a liquid

érystal 'filling the space between the alignment system, with the side faces of the device
- -iﬁeing tigﬁtly sealed to gua'r'd_ against any leakage of the liquid crystal material.

In recent years, liquid crystal display de\__@ces have been widely utilized to
i é:onstruct flat panel display devices, for example, in lap top computers, office automation
équipment, personal compu_térs, flat screen v productg, and the like. This is because
i_iquid crystal devices have advantages such as:'low power consumption, light weight, and

low or efficient space-volume requirements.



2 The state of the art is indicated by the followi ng cited
references, the disclosures of which are incorporated herein by reference:
U S. Patents No. 5,358,810; No. 5,307,187; No. 4,469,409; No. 4,437,731;
No. 5,596, 435; No. 4,495,083; No. 4,392,717; No. 4,976,887; and No.

4,815, 821. In the past there have been drawbacks or
di sadvant ages associated with the nmanufacture or construction of suitable
comercial liquid crystal display devices. For exanple, in past |iquid

crystal display devices certain type of chrom um coatings, or other
sputtered netal coatings have been used as the opaque matrix between the
pi xel s, and such materials are expensive and difficult to apply, and al so

chroni um conpoundsTRE QtAid!idfQhe OXIsCindNafd by i Fllowhihd cHEY irERFercBE Haers
viewing angle relative to the screen has been a relatively sm‘:ﬁl VI ewi ng

angl e. Far | &, .t Lar . ter Cr, So{d. - €.
fhose ustis REBR s RERE HERoRRy bRl irtOR: FRSo e 0o Rab il ¢ e
viewer's_eye varies at_ an aggls significantly different froma 90[err] or
per pendi &R-af- sl Nopt8&LA Y0 Nohetitdp Bép Ner 8996, 43eNe-né. 485s¢3ay

i mges on the screen becone difficult to properly observe or read owing to
refl ecti OVo.af,3ehBiENNol 4.§76,88Y; addeNoh48id 8@l ayer. Still further, the cost
of materials and the nmanufacturing process costs for prior LCD or flat

panel display paneinshé pisese haske hraniri®baks veikadiadhganslsenedsiittne
Accordingly, it is one object of the present invention to provide a new and
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example, in past liquid crystal display devices certain types of chromium coatings, or other
sputtered metal coatings have been used as the opaque matrix between the pixels, and such
materials are expensive and difficult to apply, and also chromium compounds are quite
toxic. Also in prior LCD devices the users viewing angle relative to the screen has been
a relatively small viewing angle. For example, those users of prior lap top computer
screens (i.e. those using LCD flat panel display devices) have recognized that when the
viewer’s eye varies at an angle significantly different from a 90° or perpendicular visual
approach to the lap top screen, then the display images on the screen become difficult to
properly observe or read owing to reflection of ambient light by the chromium layer. Still
further, the cost of materials and the manufacturing process costs for prior LCD or flat
panel display panels screens has been relatively high and expensive.

Accordingly, it is one object of the present invention to provide a new and
improved liquid crystal display device.
Another object of the present invention is to provide a novel liquid display

device which utilizes a highly advantageous black matrix coating system and which also



device which utilizes a highly advantageous bl ack matri x coating system and

whi ch al so 3 provi des a
consi derably w der view ng angle than was previously possible with LCD fl at
panel screen devi ces. Anot her object of the present
invention is to provide a new liquid crystal display device which does not
require the presence of any chrom um coati ngs. Anot her

obj ect of the present invention is to provide a new and inproved Iliquid
crystal display device which signifidcantly inproves on the cost of
materials required to construct the device. Anot her obj ect

of the present invention is to provide a new technique of constructing

costs o BB Sl SRR Snle i R Bre ety P lBle MR TR o

and advantages of the present invention wll become apparent fromthe
subsequenPalFd SEEFHESVHFSand t he appended clai ms, taken in conjunction with

t he acconpanyi ng draw ngs. Brief Description of the Draw ngs
FIG 1 is a secti oddabther ehjeshofmhecpresenagiventon Bngeprevite af nedv higiiar cykial
liquid crystal display device; FIG 2 is a sectional view

showi ng t&igplay ievige Whlth ddks Aot fequiirél tRerpradedbe 6f 1 A¥omfRY k6&idgd. accor dance
with the present invention;
Another object of the present invention is to provide a new and improved
liquid crystal display device which significantly improves on the cost of materials required
to construct the device.
Another object of the present invention is to provide a new technique of
constructing liquid crystal display devices wherein the manufacturing or processing costs
are significantly improved.
Other objects, features and advantages of the present invention will become

apparent from the subsequent description and the appended claims, taken in conjunction

with the accompanying drawings.

Brief Description e Drawin

FIG. 1 is a sectional view showing a basic arrangement of a prior art liquid
crystal display device;

FIG. 2 is a sectional view showing the arrangement of a liquid crystal display
device in accordance with the present invention;

FIG. 3 is a sectional view (taken along line 3-3 in FIG. 2) showing a
representation of the electrical grid used to activate electrical excitation of the liquid crystal

display system.



FIG 3 is a sectional view (taken along line 3-3 in FIG 2) showing a
representation of the electrical grid used to activate electrical
excitation of the liquid crystal display system

4 Summary of the Invention Briefly stated, the present
invention involves a liquid crystal display device having a liquid crystal
| ayer interposed between a pair of substrates, said substrates being
coupl ed to each other through an insulative sealing material at the

peri pheral portions thereof, one Hf said pair of substrates being a
transparent front substrate through which viewi ng of the display device
occurs, and a graphite containing matrix coating on an inside surface of

the front_substra h aid coating having a matrix of apertures therein,
said coaty i By application of a conposition conprising in
wei ght percent, about 1 %to about 30% col | oidal graphite, about 0. 1%to

about 20% bi nder nBrigfly slatedotherpresent senten inyakyeabdighidiaystebdisplontie9®es of a
fluid carrier, said applied coating having a thickness of |ess than about
20 m crorimving a liquid crystal layer onerposeetbieonkeasymdt of subsiraess 38idt subftyRed béiRg
conprises a nethod of making a liquid crystal display device, said nethod

conpr i i nublal & &R diker thithigARH Misidn$ALdhiing QAAbAA 4QnS Petlphdal doreils f ace

of said front substrate by a coating techniqlie se group
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about 20 vTé\%irn()gngf th%ndcilsp(lat.)} device occurs, and a graphite containing matrix coating on an
inside surface of the front substrate, said coating having a matrix of apertures therein, said
coating being applied by application of a composition comprising in weight percent, about
1% to about 30% colloidal graphite, about 0.1% to about 20% binder material for the
coating, and about 10% to about 98% of a fluid carrier, said applied coating having a
thickness of less than about 20 microns.
From a method aspect, the present invention comprises a method of making
a liquid crystal display device, said method comprising the steps of: (a) applying said
coating to said inside surface of said front substrate by a coating technique selected from
the group consisting of silk screening, photolithography, electrographically, and screen
printing, said applied coating having a thickness of less than about 20 microns, and (b)

subsequently coupling the pair of substrates to each other with an insulative material to seal

said peripheral portions together around the boundary of the LCD device.

Description of Preferred Embodiment(s) and Best Mod
Referring to FIGURE 1, the typical prior art liquid crystal display device is

designated 10, and comprises a pair of electrode substrates 11 and 12 arranged to oppose



subsequently coupling the pair of substrates to each other with an

I nsulative material to seal said peripheral portions together around the
boundary of the LCD device. Description of Preferred Enbodi nent(s) and
Best Mbde Referring to FIGURE 1, the typical prior art liquid
crystal display device is designated 10, and conprises a pair of electrode
substrates 11 and 12 arranged to oppose

5 each other with a predetermneg interval by insulative sealing
material 14 and spacers 16. At |east one of the el ectrode substrates 11
and 12 are transparent, for exanple the front substrate 12 could be nade
of a transparent material such as gl ass. Electrode substrates 11 and 12

have a structure s . t.eI trod s 18 an e fornpd on
the’ oI actEbBEr wRH bRl nlinaDBRALA Yy BRIl R B 53 208 sBfelt 181 or e
t her eon, and are ubjected to an orienting treatnment. The el ectrode

subst r at é¥ 1635t 978 O?Ehé\?léc%?‘?eaﬂ@ér&at%éh ang I%gta“f Hanspeeat fgpexample aiefon8 and
20 face each other. Liquid crystal conmposition 30 is filled in a closed
spaced betbveete {heoelddmst ma@l%ogmmnxparm ngferahdudvas gthssctBledmdeyubaces 18
and 20 are connected to an electrical drive source designated 32 for

driving tihedd muhsle £Esdrade suORBRS itﬂah.ﬁﬂré’z@ eledtro @ENECAdoIn wetfbnﬁaﬁéﬁfzﬂeon of
the FIGURE 1 liquid crystal display evi ce.

I Tustr agﬁﬁs Ish el Y & llZ%xﬁPin@tYl&l@%%iaggrs%Sérﬂinﬁ 54 tégnécf]thclae%ﬁogrqcf ete ) wi th

t he presént invention. I'ses parr ode

subjected to an orienting treatment. The electrode substrates 10 and 12 are arranged such
that the electrode surfaces 18 and 20 face éach other. Liquid crystal composition 30 is
filled in a closed spaced between the electrode substrates 22 and 24. Electrode surfaces
18 and 20 are connected to an electrical drive source designated 32 for driving the liquid
crystal composition 30 in connection with operation of the FIGURE 1 liquid crystal display
device.

FIGURE 2 illustrates liquid crystal display device designated 40 in
accordance with the present invention. The display device 40 comprises a pair of electrode
substrates 41 and 42 which are positioned to oppose each other with a predetermined
interval by insulative sealing material 44 and 46, which sealing material also acts as a
spacer to achieve the desired predetermined interval dimension between the electrode
substrates 41 and 42. Optionally the device of FIGURE 2 may also include spacer
members such as of the type 16 shown in FIGURE 1. At least one of the electrode
substrates 41 and 42 are transparent, however, the electrode substrates may be made of any
suitable material known in the art for such purpose. For example the front substrate 42
could typically be made of a transparent material such as glass. The electrode substrate

41 has a first luminescent layer formed thereon designated 47. On the layer 47 there is



substrates 41 and 42 which are positioned to oppose each other with a
predeterm ned interval by insulative sealing material 44 and 46, which
sealing material also acts as a spacer to achieve the desired
predeterm ned interval dinension between the el ectrode substrates 41 and
42. Optionally the device of FIGURE 2 may al so include spacer nenbers such
as of the type 16 shown in FIGURE 1. At |east one of the el ectrode
substrates 41 and 42 are transparent,_ however, the el ectrode substrates may
be made of any suitable material kndwn in the art for such pur pose. For
exanple the front substrate 42 could typically be nade of a transparent

mat eri al such as glass. The el ectrode substrate 41 has a first |um nescent
| ayer forped thereon.desi ted 47. On th yer A7. there i

6" ¢ or it oo EEah BRRLRE Y deenii A5 YOh 16 frenb leSmoch ar alass piont

el ectrode or glass plate 42 there is_deposited a special_ black matrix
coating 562 theae isdeppsitedpespgrisbblademaix coatinghed, whigh will bediseysped incfurthene

bl ack matrix coating or |ayer 50 has nunerous snall apertures forned

t herei n adetaiidiecaitafttrat The blakdnitheseatngeot hyesShhes fumereds smalt hgeranas i ng

| ayer 50 through techni ques such as photolithography, silk screening,

el ectrogr afieaahértin 4'in8RAREAL 5P dndlth@- apditerep bt Rithbd idthe 2BRddULgs: §3 are
applied in a pattern, and are sonetines referred to as pixels which are

et ng adapr ot SO SecH sr R Ao s RRLR B Rroa R pr EE 11 ©
three-part hole _aperture peing tq_provide the blue color, and the third
aper tur o BEMHRE « BRTBUAIEOT He e 07 AR I 3 Pedh ARG AeoPTRUES Brlerred
repeating pixels of those three basic colors. Color filter
to as pixels which are repetitive arrangements of small three-part apertures, with one
aperture being adapted to provide for red color, the second aperture in the three-part hole
aperture being to provide the blue color, and the third aperture being to provide the green
color, in a series of numerous repeating pixels of those three basic colors. Color filter
materials are deposited within each aperture, as shown by th;a numerals 61, 62 and 63 in
FIGURE 2. The filter material 61 represents a green color filter, filter material 62
represents a red filter material, and color filter 63 represents a blue filter material.

Liquid crystal composition 70 is filled in the closed spaced between the
electrode substrates 41 and 42. The electrode substrates 41 and 42 are connected to an
electrical drive source designated 71 for driving the liquid crystal composition 70 in
connection with the operation of the FIGURE 2 liquid crystal display device. The
electrical grid 48 can be an active matrix or a passive matrix and the electrical grid 48 is
further shown by the cross-sectional view in FIGURE 3. The electrical excitation points
are designated 72 in FIGURE 3. The various excitation points 72 operate to activate the

liquid crystal layer and the electrical potential provides the necessary effect for transmitting

small areas of light to the appropriate color pixels for displaying the appropriate or desired



materials are deposited within each aperture, as shown by the nunerals 61,
62 and 63 in FIGJRE 2. The filter material 61 represents a green color
filter, filter material 62 represents ared filter nmaterial, and col or
filter 63 represents a blue filter material. Li quid crystal
conposition 70 is filled in the closed spaced between the el ectrode
substrates 41 and 42. The el ectrode substrates 41 and 42 are connected to
an electrical drive source designated 71 for driving the liquid crystal
conposition 70 in connection with the operation of the FIGURE 2 liquid
crystal display device. The electrical grid 48 can be an active matrix or
a passive matrix and the electrical grid 48 is further shown by the
cross-sectiopal view in FI E 3. The electric exci.tati ints e
o gnat S0 AbRAEH gl o7 G FontSerra iy R it 70 B0 P 3 d Pl paf,
activate the |liquid crystal |ayer and the el ectrical_potential provides

t he necedsaigwestiiethe yser of gisiicet i Hey display dewice 85 FAEURERts vigwefdn the

appropriate color pixels for displaying the appropriate or desired
7 Vi stigctibmragsmwmby dlearrovn 74 e FIGOURE Z.creen or gl ass plate 42 through
which the visual imge is viewed by the user of the device. The display

device of FIGURE ZCB%iMQI%\g@Mﬂe@s i) BnpeHaneedrisafieas oSthe Wackymithg cortigor4 i n
FI GURE 2. Il oi dal graphite is an inportant constituent of

coat i ng 90 i SPYRP i o, ¥ ipry RS CORREL b0 Sl TL By BRLE O = T
O aphi | o CORHGE bBPEVGRR ilo HTosME e nER=PadPRy WEr GREORGR Bitar cigh
oraphit e-colloidzle graphite, and preferably about 2% to about 18% by weight colloidal graphite.
Best results are obtained when the coating composition contains about 3% to about 10%
by weight colloidal graphite. As the term “colloidal graphite” is used herein it is also to
be understood that small amounts of colloidal carbon black can also be present in the
graphite, up to an amount of approximately 30% by weight of the total graphite used.
Preferably however, the carbon black is not present.

The particle size of the colloidal graphite should, broadly stated, be within
the range of about 0.01 to about 5 microns; and preferably the colloidal graphite should
have a minimum particle size of about 0.1 to about 0.2 microns and a maximum particle
size of about 2 to about 3 microns. Best results are obtained when the colloidal graphite
particle size is within the range of about 0.1 to about 2 microns.

| The binder material used in the coating composition should, broadly stated,
be present within the range of about 0.1 to about 20% by weight of the composition; and,
preferably within the range of about 0.2% to about 6% by weight of the composition. Best

results are obtained when the binder material is present within the range of about 0.3% to

about 2% by weight of the coating composition. The binder material can be any suitable



Best results are obtai ned when the coating conposition contains about 3%to
about 10% by weight colloidal graphite. As the term "colloidal graphite"
is used herein it is also to be understood that small amounts of coll oi dal
carbon bl ack can also be present in the graphite, up to an anount of
approxi mately 30% by wei ght of the total graphite used. Preferably
however, the carbon black is not present. The particle size
of the colloidal graphite should, broadly stated, be within the range of
about 0.01 to about 5 microns; and preéferably the colloidal graphite should
have a m nimum particle size of about 0.1 to about 0.2 mcrons and a

maxi mum particle size of about 2 to about 3 mcrons. Best results are

obt ai ned when the coll oid r.aphi t art.icle S|ze | S Wt the.ran eof
Sbout 0. 1 Diges e 5 criPhriig WA R odfer RRESAS 53 %u Sl

t he coating conposition should, broadly stated, present within the
range of dalyobindg shogld bmél@f:teééwwr%@mmqsgamﬁélr@éhﬁ@@ml% nk YPégadl organic
preferably within the range of about 0.2%to about 6% by wei ght of the
conposi t i GindeBeshichrmsybe uisat ereabieaieddtbmbiegrouheohsistiter ofhmtdiiledic bindpr,esent
within the range of about 0.3 %to about 2% by weight of the coating

Conposi ti R iRgy Hte"\ﬂﬁder”@érgﬁd Bind &3 poRRacR ANridbihadts ehydrocarbon resm binders,
8 bi nder which”is conpati bl e vvlth the other materidls in the Iiqui
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The carrier fluid used for the coating composition can be either an aqueous
or non-aqueous carrier fluid, and generally it makes up the balance of the coating
composition. Broadly stated, the carrier fluid may be present anywhere in the range of
zero to about 98% by weight of the coating composition, and generally it will be present
within the range of about 0.1% to about 97% by weight of the coating composition.
Preferably the carrier fluid is present within the range about 75% to about 97 % by weight
of the coating composition, and best results are obtained when the carrier fluid is present
within the range of about 85% to 97% by weight of the coating composition. Water is the
preferred carrier fluid, however, other carrier fluids may also be utilized such as an
alcohol, Ketones, mineral spirits, toluene, esters, cellosolve, ethers, methylene chloride
and glycols.

The coating composition referred to herein is applied at a desired thickness
on the front panel or substrate 42, with the thickness being broadly within the range of
about 0.05 to about 20 microns; and, preferably the coating composition is applied at a
thickness of about 0.1 to about 5 microns. Best results are obtained when the applied

coating or layer 50 has a thickness on the substrate 42 of less than about 1 micron. The



pol yester resin binders, vinyl resin binders, urethane resin binders, and
the like. Inorganic binders which nay be used are colloidal silica,
col l oidal alum na, and sol uble silicates. The carrier fluid
used for the coating conposition can be either an aqueous or non-aqueous
carrier fluid, and generally it nmakes up the bal ance of the coating
conposition. Broadly stated, the carrier fluid may be present anywhere in
the range of zero to about 98% by wei ght of the coating conposition, and
generally it will be present wthin%he range of about 0.1 %to about 97%
by wei ght of the coating conposition. Preferably the carrier fluid is
present within the range about 75 %to about 97 % by wei ght of the coating

o coont P SrES U ER tobRad b CbRF Su b B I Serbeig. o fSirBiy g

conposi tion. Water, if th; E)ref erred carrier fluid, however, other carrier
fluids nayCaIregraBRicyty: IoF P¥JCEER RIBLNE nAnK PE BI8T techiuguss £3n bausrd @ propidei t s,
tol uene, esters, cellosolve, ethers, nethylene chloride and glycols.

The coat i the apprpprsdte spavingediesmadldapeoutasraziholdssindpp hppditd abatinglesihyadso, as

t hi ckness on the front panel or substrate 42, with the thickness being

broadly wshhin depssiteangethefsubai@dii2 Gn GIGURRROULindOapRtaflNEay aRE. be used
preferably the coating conposition is applied at a 'thickness of about

1o about o6 isPile feRhrel O, bRerfiity RBLANISR: BAY:bNIE. BBk 80 12,£P3bidA0 or
9

| ayer 50 a thickness on 't substr an abou m cron.
The coati ng

conposi t i GIF TOSEHEHRHY PBPEOQUIREREE: such as silk screening,

phot ol i t hography, electrographically, or by screen printing. Any of these
t echni ques can be uUsisdot Billyrgdergieod why the invention as described herein provides such

significant advantages and/or technically advantageous operation; however, the advantages
obtained with the invention are a unique wider viewing angle of the visual image of the
liquid crystal display device when viewed from the front of the device as shown by the
arrow 74 FIGURE 2. In addition, the usage of chromium materials, chromium coatings
(or other sputtered metals), is avoided (or not necessary) in this invention and such prior
materials such as chromium are expensive and difficult to use in actual application
conditions. Also in the present invention, the cost of the materials and the manufacturing
process costs are greatly improved. It is also to be understood that the compositions
referred to in this invention may include minor amounts of other additives, such as, at least
one material selected from the group consisting of a surfactant agent, a preservative agent,
an inorganic thickener agent, and an organic thickener agent. The preferred or best
coating compositions for usage are: Electrodag CB-800a, Electrodag CB-007, and

Electrodag 1530, available from Acheson Colloids Co., Port Huron, Michigan, U.S.A.



“t.he appropriate spacing of small apertures or holes in the applied coating
or layer 50, as shown deposited on the substrate 42 in FIGURE 2. Line
apertures may al so be used instead of hole apertures. The preferred
techni que for. applying the coating or |layer 50 on the substrate 42 is by
phot ol i t hogr aphy. It is not fully understood why the

i nvention as described herein provides such significant advantages and/or
techni cal | y advant ageous operati on; However, the advantages obtained with
the invention are a unique w der view ng angle of the visual inmage of the
liquid crystal display device when viewed fromthe front of the device as
shown by the arrow 74 FIGURE 2. In addition, the usage of chrom um

materials, chrom umcoatin or ..ot her uttered taks). is.avoided (or
not necessary) in {?ﬂi %T%Fﬁ\&‘gﬁi‘ﬁﬂg‘?{ ng%lmg%ékieobrﬁefi{lgn’ng][%eﬁuéﬂngsEﬁ{x@gg@ﬁ?om' um
are expensive and difficult to use in actual application conditions, Also
in the prpmwited: Y srieibsnndenieod dewewr tha shereraginle remperitiansareninsiyded: iofi ng
process costs are greatly inproved. It is also to be understood that the
conposi ti diustratiesf mirpesds tod ane nbhinsended/eritei lomiting pf theckombeofithe mveatimumnd set of

ot her additives, such as, at least one material selected fromthe group
consi sti ngyaf irPthe Wabidkleaklai@gent, a preservative agent, an inorganic

t hi ckener agent, and an organi c thickener agent. The preferred or best
coating conpositions for usage are: @£l echredag CB-800a, Electrodag CB-007,
and El ectrodag 1530, avail abl e from ACeson C@alrt%ibdsﬁfé‘?'ht Port Huron,
M chigan, U.S. A y s 10

In order to further illustrate the invention, @%Fe%f-%‘f—%%g% exanpl es are

Graphite 18.8
Cellulosic Resin 1.2
Inorganic Thickener 0.86
Surfactant 1.34
Preservative 0.3
Water 71.5
Example 2
Parts by Weight
r % by ight
Graphite 19.59
Carbon Black 2.88
Cellulosic Resin 0.67
Surfactant 0.37
Acrylic Resin 25.1
Preservative 0.23

Water 51.16



provided. It is to be understood however that the exanple conpositions are

included for illustrative purposes and are not intended to be Iimting of
the scope of the invention as set forth in the subjoined clains.
Exanple 1 Parts by Wi ght
(or % by Wi ght) G aphite 18.8
Cellulosic Resin 1.2 | norgani c
Thi ckener 0. 86 11 Sur f act ant
1.34 Preservative 0.3
Wat er 77.5
Exanple 2 Parts by Wi ght
(or % by Wi ght) aphi 19. 59
Car bon Bl ack %—é@mp—fé hOel | ul osic Resin
0. 67 Sur f act ant Parts by Weighp) 37
Acrylic Resin 25. 1 (or % by Weightbser vat i ve
0.23 ter. 51.16
Exanpl e 3 V&fap{me Parts by Wi lg%#
(or % by Weight) Gaph'(t:é'?ﬂulosxc Resin 1564 Cellul osic Resin
4.6 | PA (isopropyl alcohol) 66. 2 Sol vent Bl end
13.8 IPA (isopropy! alcohol) 66.2
Solvent Blend 13.8
Example 4
Parts by Weight
(or % by Weight)
Graphite 20.0
Carbon Black 6.7
Vinyl Resin 9.2
Solvent Blend (Ketones) 72.6
Example S
Parts by Weight
(or % by Weight)
Graphite 3.86
Inorganic Thickener ' ' 0.25
Cellulosic Resin 0.92
Solvent Blend 94.33
Example 6
Parts by Weight
(or % by Weight)
Graphite 9.12
Cellulosic Resin 2.72
Methylene Chloride 80.0

Solvent Blend 8.16



Exanpl e 4

(or %by Wight) Gaphite
6.7 Vinyl Resin

Exampl e 5

(or %by Wight) Gaphite

0.25 Cellulosic Resin

94. 33 Exanpl e 6

Vi ght

9.12 Cellulosic Resin

80.0 Sol vent Bl end

Exanple 7

(or % by Weight) Gaphite

3.0 Water
Graphite
Polysaccharide
Water
Graphite

Parts by Wi ght

20. 0 Carbon Bl ack

9.2 Solvent Bl end (Ketones)
Parts by Wi ght

3.86 I norgani c Thi ckener

0.92 Sol vent Bl end

(or2 % by Wi ght)

Parts by
G aphite

2.72 Methyl ene Chloride

8. 16

Exapmapr lté $7

78.0

Example 8

Polysaccharide (binder)

Cellulosic resin
Silica
Surfactant

Water

Graphite
Polysaccharide
Cellulosic Resin
Silica

Surfactant

Water

Example 9

by Wi ght
19. 0_Pol ysacchari de
Parts by Weightexanpl e 8

{or % by Weight)
19.0
3.0
78.0

Parts by Weight
{or % by Weight)

7.87

1.10

0.05

0.9

0.03

90.05

Parts by Weight
(or % by Weight)
7.81

1.09
0.12
0.90
0.03
90.05

72.

12

6



Parts by Wi ght

7.87 Pol ysacchari de (binder)
0.05 Silica

0. 03 Water

Parts by Wi ght

7.81 Pol ysacchari de

0.12 Silica

0. 03 Water

13 Exanpl e 10

Wei ght

7.75 Pol ysacchari de

0.09 Silica

0. 02 Water

Parts by Wi ght

25. 81 Pol ysacchari de ,

0.02 Graphite
Polysaccharide
Acrylic Resin
Silica
Surfactant
Water
Graphite
Polysaccharide

Preservative Agent

Water

Graphite

Hydrocarbon Polymer Resin

QOdorless Solvent

(or %by Wight) Gaphite
1.10 Cellulosic resin
0.9 Surfactant
90. 05 Exanpl e 9
(or % by Weight) Gaphite
1.09 Cellulosic Resin
0. 90 Surfactant
dc& 05
Parts by
(or % by Wight) Gaphite
1.09 Acrylic Resin
Example 18r f act ant
90.1 Parts by Weight Exanpl e 11
(ofor % by Weiightit ) G aphite
4.82 Pr eservatg’ ve Agent
1.7
1.09
0.09
0.95
0.02
90.1
Example 11
Parts by Weight
(or % by Weight)
25.81
4.82
0.02
69.35
Example 12
Parts by Weight
(or % by Weight)
10.0
1.80 (polyisobutylene)
85.7
2.5

Diester Carrier/Solvent



Wat er 69. 35 Exampl e 12

Parts by Wi ght (or % by Wight) Gaphite
10. 0 Hydrocarbon Pol ynmer Resin 1. 80 (polyisobutyl ene) Cdorl ess
Sol vent 85.7 Diester Carrier/ Solvent 2.5
14 Exanpl e 13
Parts by Wi ght (or % by
Wi ght) Graphite 18.0
Car bon Bl ack 6.0 14 Vinyl Resin
12.0 Butyl Cell osolve Acetate 64. 0
Exanpl e 14 Parts by
Wi ght (or % by Wi ght)
G aphite Example 13 _ Hydrocar bon
Pol yner Resin 3.0 O gamactsthy Wedghtr
3.0 M neral Spirits (or % by Weight)1

Graphite 18.0

Carbon Black 6.0

Vinyl Resin 12.0

Buty! Cellosolve Acetate 64.0

xample 14
Parts by Weight
(or % by Weight)

Graphite 8.9

Hydrocarbon Polymer Resin 3.0

Organic Thickener 3.0

Mineral Spirits 85.1

While it will be apparent that the preferred embodiments of the invention
disclosed are well calculated to fulfill the objects, benefits and/or advantages of the
invention, it will be appreciated that the invention is susceptible to modification, variation
and change without departing from the proper scope or fair meaning of the subjoined

claims.



Wiile it will be apparent that the preferred enbodi nents of the invention
di scl osed are well calculated to fulfill the objects, benefits and/or

advant ages of the invention, it will be appreciated that the invention is
susceptible to nodification, variation and change wi thout departing from

toe F”°pe1llﬂlﬂﬂﬂﬂﬂ|”ﬂﬁ|NllﬂEa”' "9 O e otned ettt i qui d

crystal dlsplay devi cé hdving a liquid crystal layer interposed between a
pair of substrates, said substrates bein§5coupled to each other through an
insul ative sealing material at the peripheral portions thereof,

one of said pair of substrates being a transparent front substrate through
whi ch viewi ng of the display d Vlie occurs, and a graphite
containing matrix coating on a fi¥8de surface of the front substrate,
said coating having a matrix of ertures therein, said coating being
applied by applichtionfliqude §ISP¥atérﬁie‘616?rBF‘{1§$ A4ON GREstyHayep intermesed

about 1% to about 30% col | oidal graphite, about 0.1 %to
about 20%bbiwedera pair eofi substrates,t dagd smlwmamg,b@mgi coupled to each othealibretughQdn t o
about 98% of a fluid carrier, said applied coating having a

t hi ckness j@h1di98 Sedlh@mMabALL at 2k ParetRRd portions thereof,

one of said pair of substrates being a transparent front substrate through
which viewing of the display device occurs, and

a graphite containing matrix coating on an inside surface of the front
substrate, said coating having a matrix of apertures therein, said coating being applied by
application of a composition comprising in weight percent,

about 1% to about 30% colloidal graphite,

about 0.1% to about 20% binder material for the coating, and

about 10% to about 98 % of a fluid carrier,

said applied coating having a thickness of less than about 20 microns.

2. The liquid crystal display device of claim 1 wherein,

said applied coating has a thickness of about 0.05 to about 20 microns.

3. The liquid crystal display device of claim 1 wherein,
said colloidal graphite percent is about 2% to about 18%,
said binder material percent is about 0.2% to about 6%,

said fluid carrier percent is about 75% to about 97%.



2. The liquid crystal display device of claim1 wherein,

sai d appl, a thickness of about 0.05 to about 20 m crons.
3 T Eﬁ m““m l di spl ay device of claim21 wherein,
I grap

said col Iste*percent is about 2% to about 18%

said binder material percent is about 0.2%to about 6% sai d
fluid carrier percent is about 75 %to about 97 %

16 4, The liquid crystal display. device of claim2 wherein, said
applied coating has a thickness of le 56 t han about 5 m crons. 5. The
liquid crystal display device of claim3 wherein, said applied coating has
a thickness of |less than about 5 m crons. 6. The liquid crystal

di spl ay device of claim erein, ai d coll oi .graphite percent is
about 3% to about 10% féﬂ&%ﬂb‘fﬁﬁé@ ﬁﬁ? yidgyic 8?2%ngi‘gheéﬁ’6‘ut 0.3%to about
2% said fluid carrier percent is about 85 %to about 97 % 7. The

liquid crystal dispiaapRdigdceaidns ks wicknogserfdess than about 5 microns.

5. The liquid crystal display device of claim 3 wherein,

said applied coating has a thickness of less than about 5 microns.

6. The liquid crystal display device of claim 1 wherein,
said colloidal graphite percent is about 3% to about 10%,
said binder material percent is about 0.3% to about 2%,

said fluid carrier percent is about 85% to about 97%.

7. The liquid crystal display device of claim 3 wherein,

said applied coating has a thickness of less than about ! micron.

8. The liquid crystal device of claim 1 wherein,
said applied coating has a thickness of about 0.05 to about 20 microns,
said colloidal graphite percent is about 2% to about 18 %,
said binder material percent is about 0.2% to about 6%,

said fluid carrier percent is about 75% to about 97 %.

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

said applied coating has a thickness of less than about 5 microns.



said applied coating has a thickness of |ess than about 1 mcron. 8.

The |i qui j of claim1 wherein, said applied coating has a
t hi cknes%ﬂl’mgﬂ&m‘uﬁéﬁﬂﬁo about 20 microns, said colloidal graphite
percent is a s out 18% said binder material percent is about
0.2%to about 6% said fluid carrier percent is about 75%to about 97%

9. The liquid crystal display device of claim8 wherein, said applied
coating has a thickness of |ess thap;about 5 microns.

17 10. The liquid crystal display device of claim®6

wher ei n, said applied coating has a thickness of |ess than
about 1 mcron. 11. In a liquid crystal display device
having a liquid crystal |ayer  interposed between a pair of substrates,
sai d substrates bE-ng caﬁﬁﬂémﬂk@y@ddﬁﬂdéhé¢wﬁmﬁﬁdgﬁnﬁaﬂﬁﬂﬁsulative seal i ng
material at the peripheral portions thereof, one of said pair
of substrates bei ngai dppéind peatmgthat aahicksdash of taat ehanhibough mivdohch vi ewi ng of
t he di splay device occurs, the inprovenent of, a graphite
containing matrix coating on an inside surface of the front

11. In a liquid crystal display device having a liquid crystal layer
interposed between a pair of substrates, said substrates being coupled to each other through
an insulative sealing material at the peripheral portions thereof,

one of said pair of substrates being a transparent front substrate through
which viewing of the display device occurs, the improvement of,

a graphite containing matrix coating on an inside surface of the front
substrate, said coating having a matrix of apertures therein, said coating being applied by
application of a composition comprising in weight percent,

about 1% to about 30% colloidal graphite,

about 0.1% to about 20% binder material for the coating, and

about 10% to about 98 % of a fluid carrier,

said applied coating having a thiclcness of less than about 20 microns.

12. In a liquid crystal display device of claim 11 wherein,

said applied coating has a thickness of about 0.05 to about 20 microns.



substrate, said coating having a matrix of apertures therein, said coating
being applied by application of a conposition conprising in weight

percent, about 1 %to about 30% col |l oi dal graphite,

about O.W bi nder material for the coating, and

about 10 lmuﬂmmﬂmml a fluid carrier, sai d applied
coating hdvi Ag 'a thi ckness of |ess than about 20 nm crons. 12.
In a liquid crystal display device of;glaim1ll wherein, sai d
applied coating has a thickness of about 0.05 to about 20 m crons.

18 13. In a liquid crystal display device of claim12 wherein,

said col | oidal graphite percent is about 2%to about 18% sai d bi nder
material percent is about 0.2%to about 6% said fluid carrier percent

i s about 75%to abbut 970 liquidierystal display éﬂ‘?‘h@:ﬁ‘da’@? V& WhEredi.spl ay devi ce of
cl aim 13 wherein, said applied coating has a thickness of |ess than
about 5 microns. saftixcolloidal graphitt pepgent e ryatt 2% i sipluay8Hevi ce of claim 14
wher ei n, said colloidal graphite percent is about 3%to about 10%

said binder material percent is about 0.2% to about 6%,

said fluid carrier percent is about 75% to about 97%.

14. In a liquid crystal display device of claim 13 wherein,

said applied coating has a thickness of less than about 5 microns.

15. In a liquid crystal display device of claim 14 wherein,
said colloidal graphite percent is about 3% to about 10%,
said binder material percent is about 0.3% to about 2%,

said fluid carrier percent is about 85% to about 97%.

16. In a liquid crystal display device of claim 15 wherein,

said applied coating has a thickness of less than about 1 micron.



said binder material percent is about 0.3%to about 2% said fluid
carrier percent is about 85%to about 97% 16. In a liquid crystal
di spl ay devi ce of claim 15 wherein, said applied coating has a thickness

2{9 | ess Hmmmﬁmnk’m,mmznnet hod of making a liquid crystal display device

havi ng a qucui d &ryStat layer interposed between a pair of substrates,
sai d substrates being coupled to each other through an insulative sealing

material at the peripheral portions 1her eof , one of said
pai r of substrates being a transparent front substrate through which
vi ewi ng of the display device occurs, and a graphite

cont ai ni tri ti i nsi.d f the f t bstrate,
sai d coating havi hg a ek FPSGH OLBEking adiuic Ersh cisely et baray e fiay d

applied by application of a conposition conprising in weight percent,
about 1 vsrystahbayer iBermoessi Yeswerala ppiraqitsibsirates, said substrates beinglsoupled td eagh o

about 20% bi nder material for the coating, and about 10%to
about 98%peHer ahroligh dn davuldtie sealing material at the pesfphdrarpbhivts cigrpsfi Si ng t he
steps of: (a) applying said coating to said inside

tsgzz];]ﬁicgugf SZ ?iegt ‘;(rjotﬁeo?g tsahig pgairroouf psubstrates being a transpSeRS oAl QitkaR GP&idHNI

which viewing of the display device occurs, and

a graphite containing matrix coating on an inside surface of the front
substrate, said coating having a matrix of apertures therein, said coating being applied by
application of a composition comprising in weight percent,

about 1% to about 30% colloidal graphite,

about 0.1% to about 20% binder material for the coating, and

about 10% to about 98 % of a fluid carrier,

said method comprising the steps of:

(a) applying said coating to said inside surface of said fromt
substrate by '.;:1 coating technique selected from the group
consisting ~of  silk  screening, photolithography,
electrographically, and screen printing,

said applied coating having a thickness of less than about 20 microns,
(b)  and subsequently coupling the pair of substrates to each other

with an insulative material to seal said peripheral portions

thereof.



consi sting of silk screeni ng, phot ol i t hogr aphy,
el ectrograp |caIIy and screen printing, said applied

coating haV| lﬂm ss of |ess than about 20 microns,
(b) and su ' Zﬁﬂﬁm ng the pair of substrates to each other
t

with an insul atfvet 0 seal said peripheral portions

t her eof . 20 18. The net hod
of claim 17 wherein, sai d appli ednéé)ati ng has a thickness of about 0.05
to about 20 mcrons. 19. The hod of claim 18 wherein, sai d
col l oidal graphite percent is about 2% to about 18 % sai d bi nder

mat eri al percent is about 0.2%to about 6% said fluid carrier percent

is about 75 %to out % The net hod of claim19 wherein,
sai d applied coat ?gg hagl]hé? Pﬁﬁﬁggléuﬁfn €han about 5 nmicrons. 21.

The nethod of claim 17 wherein, sai d col | oi dal gr aphite percent is about
3 %to about 10% Said applied coating has a thickness of about 0.05 to about 20 microns.

19. The method of claim 18 wherein,
said colloidal graphite percent is about 2% to about 18%,
said binder material percent is about 0.2% to about 6%,

said fluid carrier percent is about 75% to about 97%.

20. The method of claim 19 wherein,

said applied coating has a thickness of less than about 5 microns.

21. The method of claim 17 wherein,
said colloidal graphite percent is about 3% to about 10%,
said binder material percent is about 0.3% to about 2%,

said fluid carrier percent is about 85% to about 97%.

22. The method of claim 21 wherein,

said applied coating has a thickness of less than about 1 micron.



-

sai d binder material percent is about 0.3 %to about 2 % said fluid
carrier percent is about 85 %to about 97 % 22. The nmethod of claim

oo " " e

of cl a| m 17 wher &i d applied coating has a thickness of about 0.05
to about 20 m crons, said colloidal graphite percent is about 2%to
about 18% said binder material pereggnt is about 0.2%to about 6%

said fluid carrier percent is about 75 %to about 97 % 24. The
met hod of claim17 wherein, said coating technique is photolithography.
25. The nmethod of claim 24 V\/nerei n, sai d appl ied coating has a

t hi ckness of aboyt 0.05.to a The met hod of claim
25 wherein, d col |hSIIH%{F ‘SP% égﬂ&eé%‘ﬂt is about 2 %to about 18 %
sai d binder material percent is about 0.2%to about 6%

said applied coating has a thickness of about 0.05 to about 20 microns,

said colloidal graphite percent is about 2% to about 18%,

said binder material percent is about 0.2% to about 6%,

said fluid carrier percent is about 75% to about 97%.

24. The method of claim 17 wherein,

said coating technique is photolithography.

25. The method of claim 24 wherein,

said applied coating has a thickness of about 0.05 to about 20 microns.

26. The method of claim 25 wherein,
said colloidal graphite percent is about 2% to about 18 %,
said binder material percent is about 0.2% to about 6%,

said fluid carrier percent is about 75% to about 97%.

27. The method of claim 26 wherein,

said applied coating has a thickness of less than about 5 microns.



-

.said fluid carrier percent is about 75 %to about 97% 27. The
nmet hod of claim 26 wherein, said applied coating has a thickness of |ess

Erﬂgnng:)ﬁ*ﬂllumﬂﬁmnﬁul" l“]er ein, said colloidal graphite perzgent |2§ about

3%to abodt 10% " <Said binder material percent is about 0.3 %to about
2% said fluid carrier percent is about 85 %to about 97% 29.

The net hod of claim 28 wherein, saipd applied coating has a thickness of
| ess than about 1 m cron.

28. The method of claim 27 wherein,
said colloidal graphite percent is about 3% to about 10%,

said binder material percent is about 0.3% to about 2%,

said fluid carrier percent is about 85% to about 97%.

29. The method of claim 28 wherein,

said applied coating has a thickness of less than about 1 micron.



