‘DI SPLAY DEVI CE BACKGROUND OF THE | NVENTI ON The present invention relates to
a dlsplaxddeV|ce such as a liquid crystal display (LCD). A LCD nornally
conprises~a pair of substrates wth’ one of_nore el ectrodes o%%?

substrate. An 5 alignnent |ayer overlies each el ectrode, a polar|2|ng
| ayer k£>L5U81|y di sposed on the outside of each of the substrates.

Furthet, for a color LCD, a color fiDESPLAYPEVEGEone substrate enclosed in

an encapsulating | ayer |ying bggegggoﬁhg g#efﬁgojﬁvgﬁﬁlgﬁe 10 substrate A
liquid crystal material (LCM [ ers.

The alignment layers alig ?h@rﬁﬁﬁP§01§V§B v%PeHel?FPF EﬂgFe i F his the
angl e between td@i@eg'siwﬁlasl aaXiqubd ervstalddispiagl (numecul e and the

Pure tomeratur e that i 5 ScEep HErAE1LE, SOREE beb Y hii £ 08 hubSinEs
the color fil tsutiammesqrtmomuekedzbmdesmg eachesubstratei gnAnnt
materi al s |st d&ﬁg ﬁgaﬁéfeoaeffféé'eécﬂngiﬁ%t WIXﬂau for the tilt

angl e .can resuIt urtres 1n the allgns with the |ayer

and a |ong resﬂ%ﬁ§§r¥$¥ﬁg t@vean%$g%$¥¢ ¢géﬂ%%ﬂ@ onthe putside @6/t ons
of the LCM wi t Rdgclrot Gheél s@bsttates f fRirtheppt £62! ar8bpdt oNEp, Fart her,

the Lom A di s olpticht Lo et Lhes She Bingfrate (enclogeas Fethate (o,
second opp03| n@mmum&n@aﬂaygrflyisngabetmndmlelecbﬂade andpthei vel y
oot ot ko bkt kePSCASHIol CORROE ek Lt e EnSAFARIEE,
secand el ect ronee;g;ﬁ@ewbignment layers. The alignment layers
align the LCM to a selected “tilt.angle“, which is the
angle between the longitudinal axis of a liguid crystal
' molecule and the plane of the alignment layer. The
15 alignment layers'cannot require a cure temperature that
is so h1gh that damage to the drive electronics and the
"color fllter can result. Whlte low curing temperature
alignment materials exist, they also have a low tilt
. '_angle. A low value for the tilt.apgle can result in
20 ambiguities in the way the LCM aligns with.the layer
and a long response time. By "ambiguities" is meant
. that different portlons of the LCM within an LCD align
| with different optical rotations. Further, some
k‘/ alignment materlals allow ionic migration from the
25 substrate into the LCM. _
A display device comprlses a dlsplay device
.comprising: first and second opp051ng_substrates having
- first and second electrodes, respectively thereon; a
color filter between the second substrate and the second
30 . electrode; and first and second alignment layers
overlying the first and second electrodes, respectively,
the second alignment layer having a lower cure
temperature than that of the first alignment layer.
L ' An embodiment of the device comprises parts,
35 f1 e. the color filter and possibly also electronics
etc.,which are to be present with the second alignment
layer during curing but which can only withstand a
limited temperature.
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the second alignnent |ayer having a |ower cure tenperature.than thaL\Qf t hes
first alignment |ayer. An enbodinent ‘of the device conprises parts, 38

i.e. the color filter and possibly also electronics etc.,which are to be
present with the second al i gnment Iayerz?nlng curing but whi ch can only

wi thstand a limted tenperature. -2- The second alignnent |ayer thg@ has
a cure tenperature below the wthstand- tenperature of such a part or parts,

the part or Taér béc%an&mwéiﬁd 1@&@@:}@%&& 4 f&f@%é‘x@p&!é{uwe | ow

cure tenper gn odi.ment a hi cure
terrperature gl’lb? F%’ﬁq"’sﬁeé? GHRh | RAK: ngPérﬁgh cure

t enper at ur ethet paiel otrapaltt§¢ie§niga¢ﬁdmrw n ithe nsxletopHnelg@d/ or provi de

o 301 ganeapvikst M, thel Wit vl YilrhaliiE AP, aFef iR (e

el ect ronPcsthe embodimnteeeldmh mglrf&nmampﬁnm.;rmauaa:ermhlmmsédtw st

T L

enbodi es t hBatR¥éali RAY berselestedstn rasdstod opmigration-and (e MENTS
The FI GURE pbﬁvﬁd&.aonﬁgﬁnvaﬂugnfb@Dtﬁé(ﬁﬁnﬁlgﬂglbflrSt -and second

i sposed on o out o L HPHIE b derizelila 1k Have S, whaspoct i val y A
first eigctamﬂgnﬁeneveayees Hbenwn*em&el% Aandy fididerature |
that" damages: the electronics or ‘color filters durlng ,
fabrication, have a minimum of twist amblgultles, and o/
minimize ionic migration. ; :
_BRIEF_DESCRIPTION OF THE DRAWING
15 ' ' The sole FIGURE is a cross-sect10na1 v1ew of
-a LCD which embodies the invention.~ ’"_ C
DEIAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
v The FIGURE shows a port;on of an LCD 10
comprising first and second substrates 12 and 14. Flrst
20 and second- polarlzlng 1ayers 16 and 18 are disposed on the
outer surfaces of the substrates 12 and 14 respectzvely
A first electrode 20 overlies ‘the substrate 12, ‘and ‘a first
~aligning layer 22 overlies the eleéctrode- 20.; AdJacent the
second substrate 14 is a color filter 24 enclosed in an \;;
2¢ encapsulating layer 26. A second electrode 28 lies-
adjacent the encapsulating layer 26, while a second
alignment :layer 30°'lies adjacent the second electrode 28.
Between the alignment layers 22 and 30 is LCM 32. For
active matrix LCDs, the plane of the first electrode 20
30 typically also comprises the actlve drive element, such as
a diode or a trans;stor (not shown), and’ addressing 11nes
(not shown), -all as known in the art. If desired, the
active element can be dzsposed in the plane of the second
electrode 28. o o e : o
3 . Thensubstrates 12 and 14 can be of a transparent
material suchﬁas?glass,-qued-quértz;'or’blastic. The
electrodes 20 and 28 can be made of a transparent




al i'gni ng .tayer 22 overlies the el ectrode 20. Adjacent the second substrate
14 is a dokor friter 24 enclosed in an 25 encapsul ating |ayer 26. A second
el ectrode 28 lies adjacent the encapsuldting | ayer 26, while a second
ali'gnnment layer 30 lies adj acent” the second el ectrode 28. Between the
allgnnehp l'ayers 22 and 30 is LCM 32. For active matrix LCDs, the plane of
theffirst electrode 20 30 typically al so conprlses the active drive

el enent, such' ascenduotitver layerasucht as tdm cstnim)or aiwndinmrtini ogidenos

(not shomn)_ al | .acty NE.can
be di sposed in tﬁgﬁuﬁagéﬂobgFéﬂgsg%%n g N%kéégés THé 8$fg£hgli%er
substrates 12 andé 1qanaqomprbseamrqngpan.smdyfeatq;rmlpmemas while, thesed

quartz, or pl astficapdiiatifi! 18467 26 84A BR Prtnpdrest Grgypfararent

conductive | ayer sucC e or in mtin oxi
nanoneters (hm PALYReEknEush Qﬁeﬂ‘eﬁhﬁlmﬁm%ﬂ EherkCd 32 capabeca

dye or aSP' glmenttwi\ﬁté& héﬁaﬁﬂéaﬁﬁséaéhaﬁ hf%yq m'ﬁ@tﬁ?ébl_w %gfa ”gnSpa[emt d
organlc poly ne, e e an pe a twste
nematic type sudﬁbﬁﬁyi ipﬁegaég hﬁ%ﬂﬁ?é?iﬁﬂﬁ%éhﬁ? yl cycl ohexane
and cycl Ohexyl bleyenuhex lbﬁghen?lcyaﬂohbxm madé sy €le ERMeprk 0o/,
as "ZLI|2293". Ek h k%gt iéggnnent | ayer 22 can be made-of a
pol yi m de of ab Dﬁ'H“Tgn'tﬁ?c g Bl ock ion mgration and having a
relatively M@h, about [erThecfirstcapignment lEyersQ22rchm bemade ofiyar
30 can be mude ofopylgyagUb? ABGRE" F60" fin"The Tt ckrddis U8 Blbek 4idn

% migration and having a relatively high, about 250°C, cure

' temperature. The.second alignment layer 30 can be made of
a2 low cure temperature material, for example, a
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a4 nononol ecul ar | ayer of an organosilane, such as N nethy|

-

Crystal Devices" pr.o

am nopropyl trinethoxy silane, which has, a cure tenperature of about. @rr]
This avoids the possibility of damage tosthe filter 24 during curing. The
polarizing 5 layers 16 and 18 can conprise pol yvinyl al cohol doped with

i odi ne. Each -of the substrates 12 and 14, together with their respectiVe

.| ayers are mléﬁﬂléﬁ &YQ&&%@M&B@%&%@G- sweh 2Be edges ar\é"

tSﬁal ed in Fmb it thylaiinkp n i ﬁi‘lﬂaﬁé? whAERZhagt EOéueied into

€ Space- erene en. I Qa I ol e glLea 1N
known manne empera ure ofa‘% ut J&ﬁ 5 RV fgsv\ggenﬁéﬁsﬁpﬁﬁrétyhgf
materials gldamagebd:oeth%ﬁlete:a zmwuninlg ¢turinge fThetpollagizding | ayer 22

moasur edsas TRy 16 e o T NolEEd Phu ey B Ricongt b piths "

Measur ement iodipeal | Tilt Angl es” in- Thin Twi sted Nematic Layers", by H.

Bi recki and F. J 20 o ';etP{@P rdtés ijzls\lé@a %g Ehgn aEi'yw?fth'—' qui d

enum Press verage tilt

angl e of abdheis yeﬁe\ﬂé\r&e" L AR SeParately sured) gubbesi c Rndas
found by vi asglembledict Ther tHe ddgds caﬁetédaieagﬂntmeknnhaaher%

Sbove. aho ABATIDG, A SRR A the, A Je ThtEdicea Tote ths 8Race,”
conpri se ththerebetween.al Finally gatmsfibh&olihmaueshgm) is sealed
' in known manner. = - -’ R R RS

An ‘LCD was . made using the materlals ngen above.
15 i.e. a polyimide for the first alignment layer 22_and an
organosilane for the second alignment layer 30. The tilt
angle was measured using the technique disclosed in the
article "Accurate Optical Measurement of Small Tilt Angles
in Thin Twisted Nematic Layers", by H. Birecki and F. J.
20 Kahn, in the book “The Physics and Chemistry of Liquid
Crystal Devices", G. F. Sprokel, Plenum Press, N.Y. 1980.
An average tilt angle of about 0.5 to 0.6 degree was
obtained for the LCM 32, which was found by visual
inspection to be sufficiently large to eliminate

ambigquities. ]
25 gu _ \&’

COUNTER EXAMPLE NO. 1
In contradistinction to the example above, an LCD
was made wherein both of the alignment layers 22 and 30
comprise the same material, the organosilane. The average
30 tilt angle was found to be about 0.3 degree, which resulted
in ambiguities in the liquid crystal material layer.
COUNTER EXAMPLE NO. 2
when both of the alignment layers 22 and 30
comprise a polyimide, a tilt angle for the LCD of 2 to 3
35 degrees was obtained. This was sufficient to eliminate
ambiguities in the LCM 32. However, the high cure
temperature would degrade the color filter 24.
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30 tilt angle was found to be about 0.3 degree, which resulted in

anmbi gui ties in t he liquid crystal material layer. COUNTER EXAMPLE NO. 2
When both~of the alignnent |ayers 22 and 30 conprise a polyimde, atilt
angle for the LCD of 2 to 3 35 degrees-Sas obtained. This was sufficient
to el iygirinate anbiguities in the LCM 32. However, the high cure tenperature
woul d B’égrade t oMy filter 24. . -5- CLA I\/IS 1. A di spl ay device
conprising: first and second opposi ng substrates having first and second
el ectrodes, respectively thereon; a color filter between the second
substrate and the second €lect rmcﬁsplayfdewicambmprmﬂagiignrrent | ayers

overlying the first and sef:ﬂrgit 5t Qg‘ﬁﬁ v&%% ;
alignment |ayer having a l'over curee% eré@ﬁ? ¥££?é$ ???gt
al i gnment | ayer first and second ZeleCWQﬂ%ﬂ)J #W%@’%&Eoﬁmr@%b Claimi,
further conprising elect rCH”é‘oI&V'fﬁﬁtéP BéEwEEs OFke Ssd8dnd! SubsStraté and
di spl ay device accordin Claim } 2. Wherein the cure tenperature of
the second al i grfR¢h tSQQéhé eleg ?#EQPQhe Wi thstand tenperature of the
color filter or filter anEitsctamdigedstnd ehigrinent Adyers ayveleYying the
according to O g.m3 wherej ! e ra f. fi
| ayer is such a?’vﬁﬁ} c?’ﬁ%r#a%&gf ?q;é\%é?‘*g;f 'I%ﬁeg%l‘;gf% é@% %éé\%&‘gedl ng
to Caim1l, 2, aldgnment layer having a lower cure temperature than that
of the first alignment layer. R S
o - ST STLELT gt
/ . . 2...a display device according to c1a1m 1,
further comprising electronic devices on the second

substrate.

3. A display device according to Claim 1 or 2
wherein the cure temperature of the second alignment
layer is less than the withstand temperature of the color
filter or filter and electronic devices.

4. A dlsplay dev:.ce accordlng to Claim 3
wherein the cure temperature ‘of the first alignment layer
is such as would damage at least the filter.

5. A device according to Claim 1, 2, 3 or 4
wherein said substrates comprise a transparent material.

6. A device according to Claim 1, 2, 3, 4 or
S wherein said electrodes each comprise a transparent
conductive layers.

7. A device according to any one of the
preceding claims, wherein said first and second alignment
layers comprise a polyimide and an organosilane,
respectively.
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wherein.said substrates conprise a transparent material. 6. . A devige.
according to daiml, 2, 3, 4 or 5 wherein said electrodes each -conpgjgse a
transparent conductive |ayers. 7. A devicé according to any one of the
precedi ng clains, wherein said first and second alignnent |ayers conprise a
pol yi mi de and an organosi I ane, respectively. -6- 8. A devi-ce achﬁ@ ng
to any one of the preceding clains, conmpeising liquid crystal material -~
di sposed between said alignnment |ayers. 9. A devi ce according to C ai m 8,
wherein the first alignment |ayer resists ion mgration and/or provides a
high value of tilt angl8. 13 devige iagcondingite any aone ovf thet he
preceding cl ditlg a G domeih P 11 Ali PR YA LA Ind ey pLa adi acen
sai d substrates, respectively, on the surface opposite said electrodes. 11.
A display de@isPosasbatwesn said Rhignmiterka¥RERr i bed and shown with
reference to the figure of the accoenpanying drawng. _
9. A device according to Claim 8, wherein the
. first alignment layer resists ion migration and/or

- provides a high value of tilt angle. = . .-

10. A device_according to:aﬁy-one-of the -
preceding claims, further comprising a pair of polarizing i
layers adjacent said substrates, respectively, on the O/
surface opposite said electrodes. - TR ' '

_ 11, A display device substantially as
hereinbefore described and shown with reference to the
figure of the accompanying drawing..
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