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-ljF . 2075211 Liquid Crystal Display Unit Field of-the
i nvention ) . This invention relates to-a liquid crystal display
.unit, part|cularly a reflection type liquid crystal display unit.
Descrlptlon of the prior art 5 Figure 1 is a perspective view of typlcal
~prior art liquid crystal display unit shqwn disassenbl ed. Referr é (211
Fkgpre 1, areflection type liquid crystal display unit is shown. ThIS _

@

liquid crystal display unit includes 3 | i E crystal display elenent 2. .
The liquid crystal_ﬂEﬁéﬂaﬁ—léiﬁhegéﬁa—QXF@ék&ﬂes a first glass sheet 4 and

a second gl ass sheet 6. A spacer 8 nade, eg of Mylar material (Mylar is a

regi stered Trade Mark) 'is interposed between the first and second gl ass
sheets 4 and 6. As a result, a thin clearance of about 10 microns is
defined between the first and second 15 gl ass sheets 4 and 6. The
clearance is filled with a liquid crystal 10. One surface of the first

gl ass SheetF4elaag§I¥hhhgn§gh&§@§ opposed to the second gl ass sheet 6 is
' f or med wnth-%faﬂspaTEﬂT-segﬂEﬁT'§1ectrodes 12 in a desired pattern. Each.
yel ectrode 1%n51§$ idvbatdon relhted0tiredl ad duiar atrystul Al splayndimitfo a
term nal 16 One surface  of the second gl ass sheet 6, nanely the surface
;ngosed to. baetﬁbuahrgbassremaemtian;ﬂypenmiqnnd1qryaxa&ndisplay,unit

:Descrlption of the prior art

5 Flgure 1 1s a perspectlve view of a typical pripr art 11qu1d

&> W

crystal ‘display un1t shown dleassembled._ Referrlng to
Figure 1, a reflecﬁion type liquid crystel'display unit is
shoﬁn. Thislliquid crystal display unit includes a liquid
cfystal display elemehtjz. The liquid.crystal-display

10 element_é includes a first glass sheet 4_and a second glass
eheet 6. A spacer 8 made, eg of Mylar'material'(Mylar is a
reglstered Trade Mark) is interposed between the first and |
second: glass sheets 4 and 6. As a. result, a thin clearance
of about 10 micromns is defined between the iiret and secone

15 glass sheets 4 and 6. The clearance is filled with a liquid
-crystai 10. One sufface of the first glass sheet 4, namely
the'surfece opposed to the seeond glass sheet 6 is formed
with transparent segment electrodes 12 in a desired pattern.
Each electrode 12 has a 1ead'wire 14 connected thereto and

20 extending to a terminaI'IG; One surface of the'second_glass'
sheet 6, nemely the surface opposed to'fhe first glass sheet

1 is formed with a common
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KEEkctnode 18. The common el ectrode 18 also has a | ead w re connected

“fiereto and extending to a termnal, though not shown. In addition, the
el ectrodes 12 and 18 are nmade of a material which has good adhesion to
gl ass sheets and high 5 light transmissibility. For exanple, they are

- forned of a-filmof tin oxide. The liquid crystal display unit shown in
Fig. 1'is intended to be.a liquid crysyal display unit wherein tw sted"
nematic l'iquid crystal nolecules are dinafield effect 10 node. i
Fig. 2 diagrammatically shows the cross-sectional construction of such =~ &
liquid crystal display unit wherein twi sted nematic |iquid crystal s

nol ecules are used in a field effect de (such I t, bei,ng herein ffer B
referred to ekeqtroge\Bi quithec FPTmen g&ﬁﬁé%ﬁaﬁﬂﬁg{alﬁ%ﬁ¥§%i%gf?%gﬁVb§?:1- G
and 15 2, the liquid crystal display el.enent 2 is sandw ched befwe two

pol ari zi ng_s®Rerectedkessto E&éhe&FePﬁénﬂbﬁﬁﬂédﬁﬁf@ﬁﬂéis gﬁoﬁﬂ% ﬂggis in -

char act or | staewn | nif; geaifion, e efdckibddd TSR 4188 of a

Phe liquid cPecestab ente fabl ookl soheuiRtl L QT endeLs dna lfh % o1

2PVl yors at bt EEpfSmBEIBRTTLy2]. PO exalibil VTHAYT 8| £oEmuaCOE &1 O

better undergippdbpoe9f bRegeperation of the

| | The ligquid cryétal'displax unit shdwn in Fig; 1 is
intended to be a liguid crystal display unit wherein twisted.

nematic'liquid'crystal molecules are used in a field effecg '

10 mode. Fig. 2 diagrammatically shows #he :ross-séctiqnal
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construction of suéh'liquid_crystal display.unit wherein
twiéted nematic liquid crystél molecules are used.in a field

effect mode (such unit being hereinafter reférred_to as TN-

FEM liquid crystal display unit). Referring to Figs. 1 and
15  2,“thé iiquid crystal disﬁlay element 2 is saﬁdwiched between
| two polarizing shéeté 20 and 22. Each of the polari;ing..l
'sheets 20 and 22 is in the form of a triacetate sheet formea
with a £ilm having polariziné'charaqteristics. In Eigs. 1
and 2, the lower surfaée of the lower polarizing sheet 22
20 has a reflecting sheet 24 bonded' thereto. That-is, the
liquid crysfalidisplay unit shown in'these_figures is'gf the
reflection tfpe. As for the reflecting sheet 24, e;g., én
aluminum foil is used.
Fig. 2 illustrates the Various elements on a noqactual

25 scale to give a better understanding of the oﬁeration-of the



3 fN—FEM liquid crystal display unit. For exanple, the thickness of the (Z%;
clearance filled with the liquid crystal 10 is shown in an exaggerated -
manner. In liquid crystal display units of the TNN-FEM type, the liquid
-crystal nolecules 26 are 5 disposed in a twisted state. In this state, if.

vol tage is applied between a pair of oppoSed el ectrodes 12 and 18, the

|4quid crystal nolecules are lined up in the direction of the electrostatic
field, losing their optical activity. Fig. -2 shows vol tage being applied
between a pair of electrodes 10 12 and 18. Wen the electrostatic field

di sappears, the liquid crystal nolecules 26 return to the twisted state.
Referring to Fig. 2, the principle of operation of the reflection type

TN- FEM | i qufN-EEMs Laguddspgrygtadi displaynanite ddax iexanple n theli thicknéss
“is assumed that the: respective_15_polarization axes of the polarizing

sheets 20 anf theardearaprghfiddghevwith &hen ldawdd QIXﬂﬁ%#iihxﬂseﬁhqwmar :
light falls fromtop of Fig. 20 upon the paqlarizing sheet 20, where it is
pol ari zed ihnaaFi?§ggﬁﬁF€Eggoﬂ?nn?ﬁereF&réFQH*QIqﬁﬂﬁt4¥u§¥ﬁ9ﬁa¥uﬁﬂﬁ¥%e

o LS ELR8 PR BB A el SR AR erd e
UL 8 ShabpBRbECECR PR bRaRGRR AU WA, HE NG dacce
rough Uecphihd Shishah 406888 b Lookil Uikckodd s W15, nd"e
liquid crystal molecules are liped up in the direction of
the electrostatic field, losing'their optical activity.
Fig. 2 shows voltage being applied between a pair of electrodeg
10 12 and 18. When the eiéctrostatic_field disappears, the | |
liquid crystal molecules 26 return to the twisted state.
Refe:ring to Fig. 2, the principle of operatioh of the
_refléction type TN-FEM liquid drystal display unit will now
be described. In addition, it is assumed that the respective
15 po;arization axes of the polarizing sheets 20 qu 22 are at
| right angles to each other. -Unpolarized; externai light
falls from top of Fig. 20 upon the polarizing sheet 20,
where it is polarized'in a'first'di:ectibn. Therefore, the
light incident.upon_the liquid crystal 10 has been polarized
20 in the first direction. If voltage has been applied between
a pair'of electrodes 12 and 18, then the liquid crystal
mo;écules_zs in the cOrresponding regiqn.afe in the iilustréted_
' state. Therefore, the light incident.upon_tﬁisIportion_
- passes through the liquid crystal 10 and falls upon the

25 lower polarizing sheet 22. The lower polarizing sheet 22
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n axis of polarization extending in a second direction which is at
angles to the first direction. As a. result, the Iight which has
“transnmitted fromthe upper polarizing sheet 20 t hrough the l'i quid
_crystal 10 is conpletely 5 cut. Therefore, no light reaches the .
reflecting sheet 24 and no reflected light is obtained fromthe latter. .
Therefore, it |ooks dark. On the other qggd the Iight which falls upon B,
ot her regions than that descri bed above i gradually polarized by the >
corresponding liquid crystal nolecules 26 10- which have optical activity,
with the result that when passing through the crystal liquid 10, the Iight
has been pol ari zed through 90 degrees as conpared with the incident |ight.
 Thus, the |igfis idigi &e0é &POPolaeitavEbnPekEehding dhrel shtdied disdction
polarlzed in the second direction and 15 passes through the polarizing.
sheet 22. Wersr oi € at i Sght ghglesches thee fiekhedivegtilvaes 2% awher eat
it is reflected. The reflected |light passes through the polarizing sheet 22
and in the | igpgullts yial light twhilchehasobeeh traasmitited from cdiergspen
the first direction. Therefore, the light 20 passes through the upper :
pol ari zi ng smmmaﬁizlngTﬁhﬁettZQothObghghhe lﬁnugdcnqmstai;ianﬁ completely ;
operation of the display unit, voltage-applied regions |ook dark, while - f

~ those haﬁlngQﬂtﬂuﬂTh&F?%@E#té@°thb§b#orﬁéﬁhe§rﬁﬁﬁtr%ﬁ%?Qﬁ%?QxﬁhﬁQﬁn24

and no reflected light is cbtained from the’ 1atter.- Therefore,g

-_it looks dark. Om the_qther-hand, the light which falls
upon other regians'than thét desc;ibed above is gradually
polarized by the corresponding liguid crystal molecules 26

10 which have'opfical-activity, with the reSult that when
passing through the crystal liquid 10, the light has been
 po1erized through 90 degrees as compared with the incident

. light. ‘Thus, the light iﬁcident upon the lewer'pblarizing
‘sheet 22 has been;polarized in the seCond,directieh-ahd

15 | passes through the polarizing sheet 22. 'Therefore, this:
light éeaches the reflecﬁing sheet 24, whereat it is reflected.
'The reflecteé light passes through the polarizing sheet 22
and iﬁ the liquid7crYStai 10 its direction of polerization'
is restered_to the first directibn; Therefore, the light

20 passes through the‘upper polariéing sheet 20. Thus, it
looks bright. On such principle of operatidn of the display
unit, voltage-applied regions"look dark, while those having
no voltage applied thereto look bright, andithe eontrastg:
between the dark and bright regions makes desired diSplay.--

25 pdssibie;



between the dark and bright regions makes desired display 25 possible. Pq
Attention is invited to the cross-section of the liquid crystal display
‘unit shown in Fig. 2. - On the side of the liquid crystal display unit
nearer to the viewer, the substantially light transm ssible polarizing
sheet 20 overlies the first 5 glass sheet 4 which is a flat glass sheet.

de- surface conditions of the upper surfacg§ of the first glass sheet 4 and
the lower surface of the polarizing sheet 20 will now be considered.  The
surfaces of the two sheets nust be truly snooth and flat, for, if not, a
problemillustrated in Fig. 10 3 would be caused. Fig. .3 is an engi neering

model di agram f or expl anation of a probl em wi th conventional. Liquid_crystal
di spl ay unit's. RefAdrteinkiaro i gnvited o fhefressraeetisnof Fhe digyid
sheet 4 and a pol ari zi ng sheet” 20 is depjcted. .In such 15 state, if the

upper - sur f acenyfstiade dispdiayy | BRit Shewm i Figne2+ ov? thef aideoPL: ke |
~polarizing sheet 20 do not. formtrue planes, a clearance,28 is formed, |t . '
W T be undeldasdd GRS HHe GhIRAAY SNt ARAFER cEF ShE BEOYPHA LRE Substantiall

interf fri K Newt Qn' s, rJ iy O Interf ce fri 20
are caused bJAGHE ERARRIRS SIS e TRAIA AT A0eah, 2 PEEEELOR! Fae: EURY (ne

T 5 e Rl SR VO P L Lot 10 S el 2
-S“rface °f-t%%ﬁHfE§bns of the upper surface of the first glass sheet 4
| and ﬁhe'lower surface'of'thé pol&rizing.sheet'zo will now be
considered. The surfaces of the two shéeté must be truly
smooth and flat, for, if not, a problem illustrated in Fig.
10 3 would be caused.
| Fig. 3 is an engineering model diagram'for explanation
of a problem with conventional liquid crystal diéplay units.
Referring to-Fig. 3, the:laminated state of a first glass |
éheet 4 énd a polarizing'sheet 20 is depicted. 'In-éuch
15 state, if the uppe: surface of thé first-glass sheet 1 and
the lower surface ofﬁthe polarizing éheet 20 db not form
true'planes, a ciearance 28 is formed. It will be understoéd |
that the presence of such clearance 28 produces interferenée',_
frinées_known as Néwton's,rings. Such interferénce fringes
- 20 aré caused by the fact that ah incident light ray 30 to'be
reflected by thé lower'sﬁrface,df the.polariiing sheet 20
and another incident light ray 32 to pass through the polarizing
sheet 20 and be teflected by the upper surface of the firsﬁ
.glass.sheet 4 ihteffere'with each other when so reflected.

25 The formation of such interference fringes makes it difficult
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1(?&%32 sheet 4 interfere with each other when so reflected. 25. The ’ N

tion of such interference fringes makes it difficult = . for thé viewer

see the display. -Particularly in a dirsplay unit adapted to.be viewed by
hel p of general |ight com-ng fromoutside wi thout using a parti-cular |ight

source as in a reflection type liquid cryngL-dispIay.unit,-occurrence of 5

interference fringes which hinder view ng nmist be prevented. In order to

-prevent the formation of the clearance 28 shown in Fig. 3, the upper ’

surface of the first glass sheet 4 and the | ower surface of the polarizing

sheet 20 nust be truly flat. In this case, making the upper surface of the -

10 first glass sheet 4 is a machining problemand is not inpossible if
‘surface grinfiongthe piewernto weeh thiee djspitawst Raxticpkaniytbs hodésplay
surface of the polarizing sheet. 20 truly flat, however, involves not only a
~ machi ni ng prubitnadaphed to, bet viewsds byr diekp 0f generadt bight coming .
polarizing 15 sheet 20. For exanple, if the polarizing sheet 20 contains
such a resi nfxemientsdda: Withoné: usise anPanitirlam chightgsenscer as| iabRe
to occur. Triacetate.is hygrQscqpi c .and expands, and cpntracts to a degree,
so that it i%?fl%ﬁ?é°¥ot¥BFp;lq?aérGﬁﬁﬁia;uﬁiﬁﬂ¥%¥ PRA4F+ r QFGURTERGE ©

surface pay pe 20_ formed_in the chinin tep,.it.will eventually b

def or medB | niEPLEEERTRACE  FFARgesHRich Bifex [Hieying, wust Ba prevented.

construction of arprighed' kol pPubdnt’ ¥He'sdthifl fn Wk el ElehiaRle 28
shown in Fig. 3, the uppér surface of the first glass sheet
4 and the lower surface of the polérizing sheet'zo must be

truly flat. ‘In this case, making the upper surface of the

10 first glass sheet 4 is a machining problem and is not impoésible |

if surface gfinding is performed with thé greatest care.
Making the lower surface of the polarizing sheet 20 truly
flat, hqwéver, involves not bnly a machining_problem. That
is,:it is also related to the material of the polarizing

15 - sheet 20._ For example, if the polarizing sheeE_ZO':ontaing

| -such a resin as triacetate, othef'problems than a machining
one are'iiable to occur. Triacetate is hygroécopic and
‘expands and'contracts to a degree, so that it is liable.to
warp. - Therefore, no mattef how;truly a flat surface may be

20 formed in the machining step,'it.will'evéntually be deformed -
into a curved surface. | |

Fig.-4'shows'thg éross—sectional-construction of a

prior art 1i§uid crystal display unit which is of interest
to the piesent invention. 1In ordef'to'prevént 6Ccurrence'of-

25 interference fringes described above, the polarizing sheet
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to the present invention. In order to prevent occurrence of 25

interference fringes described above, the polarizing sheet -7- 20 may be(éi;

spaced apart froamthe first glass sheet 4 sufficiently to preclude Newton's
‘rings. Referring to Fig. 4, the polarizing sheet 20 is di sposed on the
first glass sheet 4 through a spacer 36. _-lhe spacer 36 i's forned, e.g., by
pgnching a 5 .plastic filmabout 0.5 mmthick in a picture frane fashion.
Thi's spacer 36 prevents contact between the polarizing sheet 20 and the
first glass sheet 4. Therefore, the formation of interference fringes due

to Newton's rings is advantageously prevented. In addition, the liquid
crystal display unit 10 shown in Fig. 4 is the sane as the one shown in
Figs. 1 and z) meicple spaddic aparihdoromtthiestirsedgbasseshéeatr ¢f suEfikikently
parts are given |ike reference nunerals and a description thereof wll be

onitted. Theo: preiclude dewtonds irings,. RefsrdingbtokBigrod,lthe peldapising

i f such display unit has a smal| or elongated display face, the spacer 36
can be advamhegto2d jisusdsroant Qmurthe Firsy glass sheehcdr thyongh a

t hi ckness of only about 0.5 mmis effective to_prevent contact between the
pol ari zi ng sSpacer236and The: SRACAT 36 ks Friared, B ed- ¢ HAY2BURCRARG @ area

regardl ess .of a possi.hle r f the palarizjng sheet 20._In the case of
the di sl ay PhaRElRaBitg 20k 38 3 ok cla (a Rberure; frame S8ebiohe 1 or
a spacer ab%ﬂts spacer 36 prevents contact between the polarizing sheet

20 and the_first glass Sheet 4. Therefore, the formation of
interference fringes due to Newton's rings is advantageously

prevented.' In addition, the liquid crystal display unit

w

10 shown in Fig. 4 is the same as_the.one shown in Figs; 1 and
2 except for the arrangement described above. Therefore,
.like parts are given like reference numerals and a description
thereof will be omitted.

The construction shown in.Fig. 4 has drawbacks. For

15  example, if sﬁch display unit has a small or elongated
'diéplay face, the spacer 36 can be adVantagedusly used.

More ﬁérﬁicularly, even a spacer having a thickness of only
about 0.5 mm is effecﬁive to prevent contact between the
polarizing sheet 20 and the first glass sheet 4 over the

20  entire area regardless of a possible warp of the polarizing

| sheet 20. 1In the case of.the display unit having a 1arge.
display face, however, it is impossible for a spacer about
0.5 mm thick to prevent contact between the polarizing sheet
20 and the first glass sheet 4. éﬁcﬁ display unit-havipg a’

25 'iarge display face is used, e.g., in a game device shown in



mm thick to prevent contact between the polarizing sheet 20 and the = *
51 glass sheet 4. Such display unit having a 25 . large display face is
Ms€d, e.g., in a ganme device shown in Fig. 5. Referring to Fig. 5, a
di splay face-40 is provided on top of the housing 38 of the gane device.
The size of the display face 40 could bqunferred from the housing 38
measuring 5 e.g., 5 cmlong by 9 cm broa Thus, it wll be understood ":2_

that the display face 40 shown therein is greater than the display face of .™
at | east a wistwatch, a portable small electronic conputer or the |ike: e
If a liquid crystal display unit having a constructi on such as shown .i'n

Fi'g. "4 is used 10 to formsuch display face 40, it is necessary.to
.increase the tE&%anSS of the spacer 36 to provide a sufficient clearance

A R e

t he polar|2|ng she C ass’ sheet

‘war pi ng. 5 S S Qfﬂﬁ §¢Fe eLs3 S
~not deS|rabIe SI é%él ?n@éﬁgge ?Eeggbng?%éqﬁc:ness of 1 %?ﬁﬁlgf éhé
crystal displayjdfidy Ehc& 40t cbaial pe saFerHiPifbn G HOESEnG NS mea.sur:l.ng
t hi ckness of the polar|2|ng sheet 20, but this has the sane drawback as

descri bed gibowg, g. Jher&hoLéng2By 9i tmi brdad.r edthius,prdy ivil P bé qunde£siood
-di splay unit mhereln contact between the polarizing sheet 20 and the first.
gl ass ShEEtw4ﬁKHttEh@raﬂsplaﬂ Eacespecshmano&hHrELn is greater than the
dlsplay face of at least a wrlstwatch, a portable small _'
- electronic computer or the like. If a liquid crystal dlsplay
unit having a construction such as shown in Fig. 4 is used
10 to form sueh display face 40, it is necessary to increase
| the thickness of the spacer 36 to provide a sufficient_'
clearance between the polarizing sheet 20 and the first
glass sheet 4 to ensure that the polarlzlng sheet 20 w111
- not contact the first glass sheet 4 when warplng. However;
15 such increase in the thickness of the spacer 36 is not
de51rab1e since it increases the overall thlckness of the ' |
liquid c:ystalldlsplay unit. It mlght be also contemplated' i
to increase the thickness of the polarizing sheet_zq, but
this has the same drawback as described above. Thetefere, |
- 20 it is desired to érovide.a_liquid'c:ystal dispiay unit E |
ﬁhereih'contact between the polarizing sheet 20 and the
first glass sheet 4 can be'prevented-irrespective ef the
size qf the display-face, _ |
In addition, it has been understood that'intexference

25 fringes which must be eiimihated are caused by contact
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size of the display face. In addition, it has been understood that
interference 25 fringes which nmust be elimnated are caused by contact
bet ween the pol.arizing sheet and the first glass plate, but their
occurrences are not limted to the described particul ar conbi nati on.
Generally, interference fringes can ocXir when two i ght transm ssibl-e
heet s -are conbined. Therefore, any 5 |ight transm ssible sheet placed on
a~iqui d crystwdenli i poldeiming i sher Veand thei f&rsprgbhem plaitet,ebldr ence

-

O

fringes. Summary of the invention According to the present inventi-on, there’

i s provi dedgensodarrgnsastaryy nohtbel ted weenthe geserihedi persicudadet s
in 10 the upper region of a liquid crystal display elenment with the object
of prevent i caunhire By r GRIELH #Yu(#4F9%§Q%§$¢?néébngﬂsoﬁﬁérOFéurnﬂFSFe

di spl lity, [ jts, . wth la- tivel “di spl ;. The-
o shent ot iR RS (06 5 AT ed ' TBeBHABEE T and"®
. i Si ng: liquid ystal, di spl t L Si fi t.rans-
paront sieatens daanEtsaiing SEY BLEART of AP LA Bry iR, HARBIAven
heet d hayvi ; f . g _fi / t
"Ehoet, at 15iqmh 6 YL ERG PHOBEELLE BRSuE 8501 fpeRBblepbblierihRRST oL
sheet, a second el ectrode forned on one surface of said second trans- -

par ent Shé%umlg)gpps% theaheidarst electrode, and a liquid

According to the present invention, there is provided means

for preventing contact bétwéen light transmissible_sheets in

10 the upper region'of.a liquid crystal display element.with-the
'objecf of preventing the occurrence of interference fringes
in drder to improve display quality, evén in uﬁits with rela-
tively large display areas. |
The present inveﬁtiog thus provides a liquid crystal display

15 unit comprising: '

a liquid crystal display elément comprising a first trans-
parent sheet, a second transparent sheet opposed to said
firsf transparent sheet and having a.surface opposed to 6ne
sﬁrface of said first tfansparent sheet, a first electrode“

20 formed on ohe éurface of said first tranSparent_sheet,'a -
second.elecirode formed on one surface of éaid Second trans-
parent'sheet and opposed to Said.first electrodé, and a liqﬁid
crystél placed in a spéde defined between said two transparent
ShEéts; ' . | o |

25 a reflecting sheet diéposed- relativg to the other side of
said secbnd_tranéparent shéet;' | |
at_least.one light transmissible sheet having,suﬁstantial light
traﬁsmiésibility and'disposed on the other side of said first

transparent sheet; and
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gt al placed in a space defined between said two transparent sheets; 25 3
ecting sheet disposed relative to the other side of said second
Ansparent sheet; at |east one light transm ssible sheet havi:ng '
substantial light transmissibility and dlsﬂpsed on the other stde of sai d
first transparent sheet; and -~ -10- first means for form.ng a clearance
bet ween-said first trans- parent sheet _and said |light transni ssible sheet, \xk
. said neans hEirst mepnedéerr fPRBANESR FAeatAEp betyaan-Sadd Finsh 1Ea’i’la%@Tay

.distributed over substantially the_entire.interface_5 betmeen said light -
,transnlssHﬂEﬁ%ﬁ@EtSbﬂﬁttﬁédf?Pég §F§H§ 5&P§WP$§%§%9 she 4N§ﬁ¥9 ns .
enbodi nent of the invention, the - rans- SSIb|e sheet

pol ari zi ng shR¥tne ?hPEeﬁﬁFSFW}PﬁS gﬁéé tpP@Fe %ﬁﬁ?%ﬂt?%ﬂ%ﬁarent_.

brol oot ons #Pe AEstEsBhERLIPTSE, BuRlTaTy schet slLAe i éertace
[OrTaLion S heLALEh 20 DY gfly! EhhknISBIBIEGHERR, R U e hradisl S

manner , oug 'y ToYeseea provi des an | ncrease I'n the
productlon alOnfrsgb8g,. sheets. The 15 reason is as follows. It has been
consi dered that even slight scratches on polariz- ing sheets have delicate

~influences ofgtdeppeterréinembbaimént of the invention, the light trans-

missible sheet is_a polarizing sheet. This polarizing sheet
‘preferably comprises a transparent resin sheet, and the |
10 clearance forming meanslis in the form of projections formed
on sald resin sheet b& embossing.the latter. The formation'
of projections bY'directly embossing the polarizing.sheet in
this_manner, though not readily foreseeable; provides an
increased yield in the ptoduction of polarizing'saeets. -The
15 reason is aslfollows.“ | -
It has been'considered that'even slight scratches on polariz-
ing sheets have delicate influehces on the polariziug charac-
teristics, and only flawless polar1z1ng sheets have been -

: passed as acceptable parts. However it has been very diffi-

20 cult to produce such polarlzlng sheets in a flawless condltlon_'

and then produce liquid crystal display unlts w1thout scratch-;-

ing such flawless sheets. As a result the yield has been
poor, resultlng in 1ncreased manufacturing costs of acceptable
parts; With such background, it would be impossible for a |
25 plan suggest itself of emb0551ng a polarizing sheet. However
geometrically distrlbuted prOJectlons formed on a polarlzing
sheet by embossing are not clumsy since they are in orderly
arrangement. - Moreower,'Such afrangement rather gives an imp-
'reSSioh.that the quality'of the display:sectiop has been impr—

30 oved.



teristics, and only flawl ess pol ari zi ng sheets have been passed as (ég;}
acceptabl e ‘parts. However, it has been very diffi- 20 cult to produce such

pol ari zing sheets in a flaw ess condition and then produce liquid crystal

di splay units wthout scratch- ing such flaw ess sheets. As a result, the .

yi el d has been poor, resulting in incréasé&lﬁhnufagturing-costs of o
agceptabl e parts. Wth such background, it would be inpossible for a 25

plfan suggest itself of enbossing._a palari.zin heet .. ver,, o

eonet ! | cal AgcaratPentiP o ARREBPECPFRETF B eARsR Lons o Hhty HSATASP.
‘embossing are not .clu | nce. y ] .dar | rr.a t r er

Such arr angensfh »F 2 HBP toPhEe ThRAF sPhfiehd 31t Krder el ses Y

di splay sectiqgn_h een i P rdizng .0 fhati Jasf erred
embodi mrent 8P tﬁ88§ﬁeeg?FggP%§%§%m§¥g?gégts@%%% i&%tb%rgﬁgﬁissﬁgﬁg%iheet ,
conprises fig ndnserendifhgat ckyaran agishiaysdeemenitd bergseraypiyel y

pl aced on_thgakfgu?g crystaP displgy'elenen?. grgferably, 5 the firgy |'i ght
transni sy blgeshepkti 3igRtNEdanbmisbible- sheeant ss forinedhio®h adaaanmt
disturb polarized light (eg a cast filn), while the second |ight

transmi ssi bhgreheesheetf whired dbea poltadisitmybs pedarizEde Mfightt (dgyht-
transm ssi bl e sheet, which is a.usual transparent sheet, is formed on each
10 surface thstefilmpi hwhipeuthei sgcondgddmistr itranspigisitblieh sheet is
projections. As a result, a clearance is advantageously formed between the
first |ightformednPésabpelardeingnghepd. The first light ransmissible

sheet, which is a usual tranSparent'sheet, is formed on each

| 10 surface thereof with a plurality of geometrically distributed

brojections. As:g result,'a clearéncé-is advantageously
formed between the first light transmissible sheet and the
liQuid crystal-displﬁy element and between the latter and the
.second light.transmissible éheet. “According to this embodi-

15. men£, since the polarizing sheet'which'cOpstitﬁtes the first
light transmissible sheet is not subjected to any treatment,
there is no danger of détracting from the polarizing charac-~
teristics of thé_polarizing sheet.
In another embodiment of the invention, the clearance forming

20 means is in the form of a mesh sheet. With this'arréngement,
it is possible to form é ciéarahde in accordance with the
thickness of the.mesh sheet without detracting light trans-

missibility.



! @ d crystal display elenment and between the latter and the second I?gh‘t ®

! {t#&sm ssi bl e sheet. According to this enbodi- 15 nment, since the

~petari zing sheet which constitutes the first light transm ssible sheet is
not subjected to any treatnent, there is no danger of detracting fromthe
pol ari zing charac- teristics of the polarizing sheet. |In another enbodi nment

Jof “the invention, the clearance. formng 20 means. is in the formof a mesh
sheet. Wth this arrangenent, it is possible to forma clearance in -f’*

~ accordance with the_thickness of 'the mesh- sheet w thout detracting. |ight
~trans- mssibility. -12- The invention will be further described by way

of exanple, with reference to the acconpanyi ng draw ngs. BRI EF° DESCRI PTI ON

OF THE DRAWNGS: Fig. 1 is a perspect|ve'mL§N of a typical liquid crystal 5

di splay unit shown di sassenbl ed; Fig. 2 is a diagrammatic view of the '

cross-sectional construction of a TNN-FEM | i quid crystal. display unit; Fig.

3 is an optiThé DRUehtyibawwidl béptfan-ahle@nd@‘sq&fiqi&derw Wed 3 @pr\yﬁﬂappéal

l'iquid crystal display units; 10 ° Fig. 4 is a cross-sectional view of

a prior art withi defeyetae mosmhayaunnmpdmyﬂng:nniwmngsuest to the present

invention; Fig. 5 is a perspective V|em15homnng the outline-of a

_BRIEF DESCRIPTION OF THE DRAWINGS.

Flg. 1 is a perspective view of a typlcal llquld crystal
5 display unit shown disassembled; |
Fig. 2 is a diagrammatic view of the cross-sectional
construction of a TN-FEM liquid crystal disélay unit;
Fig. 3 is an optical model view for explanation of
problems with conventional liquid ciysgal display units;

10 | Fig. 4 is a'¢rbsé-séctional'view of a prior art 1i§uid-_
crystal display unit which is of interest to the present
invention; -

Fig. 5 is a berépéctive view showing the outline of a
game device in which a liquid crysﬁ;l display unit of the

15 present in#enéidn can be advantageously used;

Fig. 6 is a view of the cross-sectional construction of
an embodiment of the in#ehtion shown disassembled;
fig. 7 is a diagrammatic view of a device for émbossing-
a polarizing sheet used in Fig. 6;
20 = Fig. 8 is an enlarged plan view of a polarizing sheet

'embdsséd by the device shown in Fig. 7;



gane device in which a liquid crystal display unit of the 15 present <g§%

i nvention can be advantageously used; Fig. 6 is a view of the _
cross-sectional construction of an enbodinent of the invention showmn

di sassenbl ed; Fi‘'g. 7 is a diagrammt.ic y?EM/Of a device for enbossing a
pol ari zi ng sheet used in Fig. 6; 20 Fig.~8 is an enlarged plan view
ofsa pol ari zi ng sheet enbossed by the device showmn in Fig. 7; . Fig. 9is
an enl arged - section of a polarizing sheet enbossed by the device shown in
Fig. 7; Fig. 10 is a view of the cross-sectional construction of another
enbodi nent of the invention shown disassenbled; 5 and Fig. 11 is an

expl oded perspechp&gwnswisfan.émlahgedeséoﬁiunnbfoé pbaarizdmig eheet
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS: According.to the

i nvention, thagodseddyantlzeedesige 1€hownr bni Big.a7ki qui d crystal display
uni t haV|ng -a relatively |large display face such as the display face 40 of
a gane device showWigan X gis 3 Redwrof nthe ocFpgs-Secthenadnspnstirugtiomown
therein is substantially the sanme as the one shown in Fig. 4 except 15
that the pol af znetharanbpiinent REcthacinrensien shgwnidissssepbiedd by
a polarizing sheet 42. Like parts are given like reference nunerals, and a
descri ption tams eof will be

Fig. 11 is an exploded perspective view of a further

embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS:
According'te the invention, there is advantageously
10 provided a liquid crystal display unit having a relatively "
large display face such as the diapiay_face.40 6f a game
device shown in Fig. 5. -
) Referring to Fig. 6, the constructien shown therein is
substantially the same as the one shown in'Fig._4.except
15 that the pqlatizing sheet 20 and 5pacer.36 shewn in Fig. 4
are replaced by a polarizing sheet 42. Like parts ate giﬁen
like reference numerals, and a description thereof will be
omitted. | _
The polarizing sheet 42.is obtaihed; e.g., by forming a
20 pelarizing film on a triacetate sheet. The pblariaing sheet
42 is embossed whereby at least one surface (in thls example,
-_the surface opposed to the flrst glass sheet 4) is formed o
with a plurallty of projectlons 44,
Referrlng to Flgs. 7 through 9, the polar121ng sheet 42

25 is'passed between a pair of rollers 46 and 48. -One rollerxr



I tted. - The polarizing sheet 42 is obtained, e.g., by formng a 20

larizing filmon a triacetate sheet. The polarizing sheet, 42°is
enbossed, whereby at |east one surface (in this exanple, the surface
- opposed to the first glass sheet 4) is forned with a plurality -of - .
. projections 44. Referring to Figs. 7 througt 9, the polarizing sheet 42 25

I s. passed between a pair of rollers 46 and 48. . One roller 46 is an - ;@
enbossing rol |l er whose outer surface is formed with a plurality of T
relatively small quadrangul ar pyram dal projéctions geonetrically
‘distributed in an orderly arrangenment The roll-er 48 has its outer surface
formed of relatively 5 elasti.c paper. The rotative shaft of. the paper
roller 48 is at6aibi andepboissing, reliler whwsetcnter swafacer ishfoameds siith
roller 46 is supported in a |ever 54 pivoted at a fulcrum52. The |ever 54
has a wei ght 58 plupsiddsy Pfomeladivedsr smnrill radranguhas, PyFamifddssi ng
roller 46 exerts on the 10 -paper roller 48 a pressure correlated with the
heavi ness of tRECIRFEAONSE JePRe LRIt @i ibuted -y AROpIBELY rrangspent
are synchronously driven far _rotati-on in the direction-of arrow, The -
pol ari 2i ng sheBhe poliefndBubas s e SHTIRES FoEped |8F Pedatively

. EARPHEE! SR 30sa I AT LR Lo RBhR S ph ek g 1o
bet ween [6ffl g@da fixed position, while the rotative shaft of the embossing
roller 46 is supported in a:levef 54.pi§o£ed at a fulcrum
52. The lever 54 has ﬁ weight 56.sﬁspenaed-f;Om the other :
end thereof. Thus, the embossing roller 46 exerts on the
‘10 - §aper roller 48 a pressure correlated'with_the_heavineSs of
the-Weighﬁ 56. | |
.The embossing rdller 46 and the paper roller 48 are
.synchronouslf driven for rotation in the direction of arrow.
The polarizing sheet 42.is moved. as held between tﬁe rollers
15 46 and 48. 'Preferably, the.polarizinglsheet 42 is heated
immediately before it is inserted betwéen the rollers 46.and
48. The heating temperature is, e.g., between_60°c and
.100°C. Such heating has the advantage of increasing the
. embossing rate. | | - | |
20 o The polarizing sheet having péséed'between the rblieré_
| 46 éﬁd 48 has forﬁed théreon qﬁardrangu1ar pyramidal projeétidp
44 shown in Fi§. 8.f The projections 44 are'orderiy distributec
in cpnneétion with a.gedmetrical pattérh. Further, the
projéction3'44.are-ﬁniform in height. If, therefore, the

25 polarizing sheet 42 thus obtained is disposed with its



[er!i. . Such heating has the advantage. of increasing the enbossing.rate. 2%6;}5

The pol ari zi ng sheet havi ng. passed between the rollers 46 and 48 has forned
t her eon quardrangul ar pyram dal projection 44 shown in Fig. 8. The
proj'ections -44 are orderly distribute ipg£onnection with a geonetri cal
“pattern. Further, the projections 44 are uniformin height. |If, therefore,
the, 25 polarrzrng Sheet 42 thus obtained is disposed with |ts -15-
prOJectrons 44 opposed to the first glass sheet 4, as shown in Fig. 6, then :
it is possible to forma clearance of uniform thickness between the

pol ari zi ng sheet 42 and t he frrst glass sheet 4. Preferably, t he positions
of the projectiagns § o) the rrzr eet- W be so ected_as not
to |nterferePH°tJI$c|t&é’r?Fiﬁ (ﬁg%péfﬁ)%tq %Sp?l& g % r b5t fAOWR-
liquid crysta enent in Fi it oft n oc urs-

I ) 2 As be W g
that said enﬁ&sfrlﬁp %per E it S i FORS @c‘i 29 ‘?ﬂ'%%r%ﬂc?h@ Ltorm
rface oppo h oryed 4 r ect i _
€lieved to’ F%'%F%o% %Wréeeglct%ﬁe%n p\glat%eélg‘r Jscei%: :;éon‘is]i1 % t%l-% §l£ 1(§ssr ng
rol'l er. 46 ber r ai
t endency tha?igﬁg %?%%gb??ongﬁgé pror@t e nDre e nDre ?ﬁ%f%gécﬁlon?
the projecti qasoﬁ5th50§ellatra@m@be$@eﬂwwﬂ1 Ye 4B %@fé&@eahfstﬁeekesss of
the pol arizing sheet 4 therefore, suitable enbossing:
g _ interfere with identification of a display pattern provided

by the liquid crystal display element 2.
 As best shown in Fig. 9, it often occurs that said
embossing operation prqduces projections 58 also on the
10 su:face.opposite'to the one formed with the prejections 44,
This is.be;ieved to result f:bm a reaction to the'projectiohs
50 on the embossing roller 46 being p:eseed against the
folarizing sheet 42. There is a tendency that the projections
'58 projeet the more, the more the height of the préjections
15 50 on the emboesiné roller 46 exceeds the thickness of the
polariéing sheet 42.: If, therefore, suitable embossing
'conditidns are selected,_it is possibie to form the projections
44 and 58 on £he opposite surfaces of:the polarizing'sheet
- . as the same time.' This has an important meaning in an |
20 embodiment.shown in Fig. 10 to be presentiy described.
ons - ' _Beferring to Fig. 10, a liquid'crystal display elemenf
ed _. 2, a polarizing sheet 22 aﬁd a_reflecting sheet 24 are of
thelsame constfuction as those showﬁ-in.fig; 6; Therefore,
‘a description thereof will be omitted, end_disgiﬁilar arrangements.

25-. alone will be described. ' Successively placed on the first



B s . - SR

Nditians are selected, it is possible to formthe projections 44 and 58 *
.he opposite surfaces of the polarizing sheet as the sane tifre. This has
ipportant meaning in an 20 enbodi ment shown in Fig. 10 to be presently

Jescribed. Referring to Fig. 10, a liquid crystal display -elenent 2, a . :
pol ari zi ng sheet 22 and a reflecting sheet 24 are of the same construction .

as t.hose shown in Fig. 6. Therefore, a description thereof - will be . .
om tted, and dissimlar arrangenents 25,/ alone will be described. M
Successively placed on the first" a@s sheet 4 of the liquid crysta

el enent 32 are a transparent protectlve sheet 60 and a pol arizing sheet 62.
The protective sheet 60 is nade of transparent resin or the like. The

pol.arizing she 02 hgeSene a2k ﬁ&&e@&ﬁeﬁﬁitéIédéHB“%ﬁléEe5a transparent
pol ari zi ng sh a% %%8{ Il18t hr ough g The protective sheet 60 is P '

embossed in t Q%ﬁééieedoWaha aebe,aa&q&ﬂr@ FiHafet %62 17 oMgd Protbetive
first glass’s |ch Is alight transm ssible sheet, and the

pol ari zi ng Shf‘éﬁeéi? 66 cidli fagsecdfourhhspapent resdinlen hd Qlikée The
protective sheet 60. Therefore, there is a possibility of causing

i nterference f;{élwejszimjvwneethezpﬂ.st eft the shmet ma@bnémtpnsathemgnventlor
sheet 62 and between the protective sheet. 60 and the .first glass sheet 4. .
 Accordingly, @@Hﬁumgnslheebewm(ﬁeg&.nlt tebgougho 4)nt er f aces to avoi d
interference 15 fringes. To achieve this, it is preferable to provide

proj ections distri tmh%opmt@ﬂtlﬁppébﬂ‘lé §0r igcembersseék in the manner

described with reference to Figs. 7 through 9. The first
_glaSs sheet 4, which is a light transmissible sheet, and the.
polarlzlng sheet 62 are dispeosed on ‘the opposlte 51des of
10 the protective sheet 60 Therefore, there is a 90551b111ty
of causing lnterference frlnges between the protectlve sheet o
60 and the polarizing sheet 62 and between the protective
sheet'GOIand the first glass sheet 4. Accordingly, clearances
must be formed in these two ihterfaces to avoid inéerference
15 frinces. To achieve rhis,'it is preferable to provide
projections distributed on the oﬁposite'surfacesrof the
protective sheet 60, whereby said two clearances can be
formed at a time. The formation of such projections on thef;
.opposite surfaces of-the_protective sheet 60 can be achieved.
.26 in a single process by the method described with reference
to Fig. 9. Instead of this method, the one shown in Fig. 7
may be applied to the oppdsite surfaces of the protective.'
sheets. hccording_ro suCH embodimentfshown_in Fig. 10,
- since no.treatment is applied eo the polarizing sheet'62;'

25 which is optically.delicate, it is possible to expect the



pr ctive sheet 60, whereby said two clearances can be forned at a tine..

_ The formati on of such projections on the opposite surfaces of the ' 2/.
protective sheet 60 can be achieved 20 in a singl e process by the method
described with reference to Fig. 9. Instead of this method, the one shown
in Fig. 7 may be applied to the opposite surfaces of the protective sheets
Agcordlng to such enbodi ment shown in,Fig. 10, since no treatnent is
applied to the pol arizing sheet 62, 2 which is optically delicate, ‘it is
possi bl e to expect the 7 effects of the invention without deteriorating
the polarizing characteristics. [Fig. 11 is an expl oded perspective view of
a further enbodi ment of the |nvent|on In this enbodinent, a net 64 is

aised in | i eledfet QF otheringertier ¥bthaykndeserigratdngrihe@olariringe
formed by weaving fine nptal wire or filanments of any other suitable
2material . fﬁkﬁF?ﬁﬁe¥&FE&E?orn1y'deflnes a clearance correlated with the

t hi ckness df_the gﬁ bet ween thﬁ $ % Z|n sheet 62 and the first 10
gl ass sheet 4. 4%, 2B 2fPhete 4Pﬁ§§9 ﬁgﬁdgaeﬁb hélﬁﬁﬁﬁh%ﬁuface

of the polar] Q% EQﬁe f d w he I|qU|d cr
iQMmspl ay el erﬁﬂzﬂ ?’?éﬁ?% %&‘gsl%é#’% ggygﬁhﬁ ? f‘&# ¥
described sq Mséaarslxpezrféda&ae?e;@ig £80P1 1€ 5h et ép' 84 %V'lﬁe%-l%ﬁ 10.
reqU|r|n§_a Telatlve arge disp ace. ;| '
The net 64 may be formed by weaving fine metal wire or
filaments of any other suitable material. Such .net 64
uniformly ‘defines a clearance correlated with the thickness
of the net 64 between .the polarizing sheet 62 and the flrst
10 glass sheet 4. 1In addltlon,_such net 64 may be bonded to
the lower surface of the polarizing sheet 62 before it is
, .

combined with the liquid crystal display element 2.

The llquld crystal dlsplay unit of the invention described

so far can be advantageously applled to dlsplay devices
15 requiring a relatively large display face. For example, it
is posaible to advantageously proViderthe display face 40 of
the game device shown in Fig. 5. 1In addition, the game
device shown in Fig;fS is disclosed in "TIMEPIECE APPARATUS
HAVING GAME FUNCTION".by Gunpei Yokoi and one other filed
20 _June“_ » 1980 in the United States of America.
While the invention has been fully described with
reference to preferred embodiments thereof.in connection .
~with the accohpanying drawings,'it will be possible for
those skilled in:the art to,modify the same without departing

25 from the spirit of the invention. It must be understood



e p et st e s nain, i

[ s!i?-éible to advant ageously provide the display face 40 of the gane

<

o @

egpele shownin Fig. 5. In addition, the gane device shown in Fig. 5is _
cf osed in "TlI MEPI ECE APPARATUS HAVI'NG GAME FUNCTI ON' by -Gunpei Yokoi and -
one other filed 20 June , 1980 in the United States of Anerdca. Wi I'e_

“the invention has been fully described with reference to preferred

enbodi ments thereof in connection. with th)e%accorrpanyi ng drawi ngs, it w I_I -

be-possible for those skilled in the art tYo®nodify the same Wit hout S

departing 25 fromthe spiriit of the invention. It nust be understood
- 18 - that the invention is limted only by the attached clains. For

~exanple, the way the projections disc|osed as ans -for formn cl earance
Us not 1imited St HEhe | IEREREIOR L AndLRhERGAGNITBY &i’&rﬁtr"iat%feaa cfa”‘_‘s°
“distribution may be enployed, 5 Furt her, the liquid.crystal, display: _
el ement is not HAmieame th"eheh\}’ﬁl\ﬂﬂt‘?pgfaﬂﬁcﬂ:ﬁggéaglisﬂ?ﬂiﬁdoea%fm?%és for

dynam c scatterjng type. . -19- Clains 1. A LiLgu d crystals.d] . uni
conprising: a Ié%’d&/‘gr?s‘fja?amcﬁ?aﬁse?gﬁre?‘i}m&&%r i%?l "”agﬁJ'rq"lsﬁsk“@a‘(’%‘)'/:"-&l11 énd, _
instead other geometrical distribution may be employed..
5 Further, the liquid crystal display element is not limited
to the TN-FEM type and instead it may be of the dynamic

scattering type.
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- : ,
tr‘!%harent sheet, a second transparent sheet opposed to said first : (f%i:}
Z a

t r&anspar ent shéet  and having a surface opposed 5 to one surface of said
first transparent sheet a first electrode formed on one surface of said
first transparent sheet, a second el ectrode forned on one surface of said

second transparent sheet and opposed to said first ele aliquid
crystal placed in a space defined betweggsaid 1 arent sheets a
refl ecting sheet disposed.relative to the other Qa mz '_

transparent sheet; at |east one |1 ght transntsS|bre [
substantialﬁiﬂéﬂé.transn155|b|I|ty and di sposed on the ot her S|de of said
15 first transparent sheet; and first means for form ng a cl earance between

said first franapargmt s £ sheet, said neans
havi ng a prgdet gr %1ﬁgédhgﬁgtﬁtﬁang&%gi 3 ?'{rilﬁt‘h 1£§ msss'l’f'%n array distributed
over substantial ¥ikedeeryistalnididAes %Qéasme%mickm@ta first

trasnsm ssi bl e sheet and the first trans- parent sheet. l'1quid crystal
di spl ay uni traaspatrehdr isheiet ,claaisacbnd\araispaidint Eﬁhdé?@lfdpplf@ed Iﬂht
-20 A

transm ssi bl'e sheet conprises a polarizing sheet.
liquid crySSahddﬁipsaytwnMSparenn sheetth dml deatimg?,a surface opposed
5 to one surface of said_first transparent sheet, a'fifst
electrode formed on one surface of said first transparent
sheet, a second electrode formed on one surface of said
second transparent sheet and opposed to said first electrode,
and a liquid crystal.olaced in a space defined between said
10 two transparent_sheets; |
| a.reflecting sheet disposed relative to- the other side
of said second transparent sheet |
at least one light transmissible sheet having substantial
light transmiss1bility and disposed on the other side of said
15 first transparent sheet; and
first means for forming a olearance betWeen said first
transparent sheét and said light transmissible sheet, said
means hav1ng a predetermlned helght and belng in the form of
an array distributed over substantlally the entire interface

20'between Sald light trasnsm1551b1e sheet and the flrst trans-

parent sheet.

2, A ;iquid crystal display unit as set forth in claim 1,
wherein said at least one light transmissible sheet comprises

a polarizing sheet,



N n said first clearance formng neans is in the formof a pIurallty *or*
ti-ons distributed on the surface of said pol dto

i SR irst transparent sheet. 5 4. Aliquid crystal s set . :
A in claim3, wherein said projections are_forntu “IEE :
~resin sheet. 5. A'liquid crystal display w#Q@-as s .

or 4, wherein saird polarizing sheet conprises a transparent 10 resin sheet _
6. A liquid crystal display unit as set forth in claim1l, wherein said at

| east one Iighéhtr N§Th%5 kPl y28al dighiulleSudi ¢ Sis a6¢e SESPEE 1hBlaim 2,

transm ssi bl e Sheets’™s cce55|vely pl aced on said first transparent sheet.

15 7. Aliquid gt%&fﬁ' gl Pl dNid] A aifle fQUdding de2hs Os 1hi hel Wobher

- .conprises second nmeans formng a clearance between said first and

second |ight tpangmpIsirahe tyNeEt HroRidt it d 1ewr igu tedr efetRe nsuedakei gl‘ltt
and being in the formof an array over substantially the entire interface
20 between sai gafidr poland zdegoshdeglipgosstntsssdld Sheststransparknduistieet.
crystal display -unit as set forth in claim?7, wherein said first and second
clearance formng neans are in the formof a plurality of prOJectlons
di stri but ed Hn4eacih suQMadeanwstakidmsnﬁay|gﬂnttaen§e$s§9ntb sReelaim 34
C L M S * -21-

wherein sa1d projections are formed by embossing sa1d resin

‘sheet. o | o

5, A liquid crystal dlsplay unit as set forth in claim 2, 3
or 4 wherein said polarizing sheet comprises a transparent

10 resin sheet.

6. A liquid crystal display unit as setdforth'in claim 1,
wherein said at least one light transmissible sheet includes
first and second light transmissible sheets successively’

placed on said first transparent sheet.

156 7. A liquid crystal display unit as set forth in claim 6,
| whlch further comprlses second means for formlng a clearance
between sa1d flrst and second light transm1s51b1e sheets
said means hav1ng a predetermined height and be1ng in the
form of an array over substantlally the entire’ 1nterface

20 between said flrst and second llght transmissible sheets.

8. A 11qu1d crystal display un1t as set forth in cla1m 7,
' whereln sald flrst and second clearance formlng means are in’
'the form of a plurality of pro;ectlons dlstrlbuted on each

surface of said first light transmissible sheet.



—

d‘!%ﬁlquhd crystal display unit as set forth in claim8, wherein said- /. o/
prioj ecti-ons are formed by enbossing said first rrghr—rransnrssrbre—shee }D

10. Aliquid crystal display unit as-set forth | |nB 6lto
AR o

9, wherein said first lLight transm ssible sheet

resin sheet. 11. A liquid crystal displ,gy unit as set h™¢ n «anhy one of.
claims 6 to 10, wherein said first |ight transnlsslble sheet Is a

t=anspar ent sheet for protecting said liquid 10 crystal display elenent

and said segondal 19’ 2a5Wea3! BiSpINSPlunst BPUSA | £ith S 1ade 5 A

“liquid crystal splay unif as set In clarm1, erein sa
clearance f gh8r8EnTBARE p¥oljRciti®nsCPe0it oFnlddS bys Miftossling Safy | # pid

crystal display unit as Set forth in any one of ‘tthe preceding clains, which

further. conpighes t2apemisisiblien@gheleagt between sai d second transparent
sheet and said reflecting sheet. 14. A liquid crystal display unit as set
forth-in any.one 20 of the preceding clains, wherein said first and second

" trans- parek0.shéeldqudd grassaéhddspla$5un1xIasnset(ﬁqmﬁhuimhamyaqnmnlt
as set forth in_any one of the precedln%delalns wherein said liquid

crystal @& sBﬁa?léﬁ@ﬁeﬁttPSQOn@hGQ@dnf diﬂ@ﬂ%ﬁshﬁttﬂ&nsmiiﬁﬁhi@eV|ce.

sheet comprises a transparent resin sheet.

11. A liquid crystal display unit as sei forth in any one
of claims 6 to 10,.wherein‘said_firsf light transmissible
sheet is a transparent sheet foripretecting said liquid

10 crystal display element, and said second_light transmissible

sheet is a polarizing sheet.

12, A liquid crystal display unit_as set'forth in claim 1,
~ wherein said first clearance forming means is in the form

~ of a mesh sheet.

15 13, A liquid crystal display unit as set foftﬁ in any one
- of the preceding claims, which further comprises a polariz-
ing sheet between said second transparent sheet and said

reflecting sheet.

14, A liquid'crystal display unit'as set forth in any one
20 of the precedlng claims, where1n said flrst and second trans-

_ parent sheets are glass sheets.

15, A liquid crystal display un1t as set forth in any one
of the precedlng claims, wherein said liquid crystal display

~ element is one used for a display unit_for a game device,
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. 16. Aliquid crystal di splay unit constructed and arrangedtas hereP
: ribed with reference to the acconpanying draw ings. i ce
rising a liquid crystal display unit 5'in accord :
the preceding clains. The text of the specification a’mmmm H 5’% .

by -phot ocopying the applicants original typggscript. * It wmayns

few amendnents which are difficult to read. The original -typescript S
- containing these amendnents may be inspected on the prem'ses of the Patent e
Ofice 16. A liquid crystal display unit constructed and arranged

. as herein described with referénge to the accompanying draw-.

ings.

17. A game device comprising avliquid crystal display unit

5 in accordance with any one-of_thé preceding claims}

The text of the specification has been reproduced by photocopying the applicants origiiil o
typescript. It may contain a few' amendments which are difficult to read. The original
typeseript eonta.inins these amendments may be inspected on the preuises of the Patent Office



