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1 DESCRI PTI ON LIQUI D CRYSTAJZ4960
DI SPLAY APPARATUS TECHNI CAL FI ELD The present
<igvention relates to a back |ight type liquid crystal apparatus. 74/31
BACKGROUND ART 5 In recent yedrs, it is pronoted to nake a
personal conputer conpact, and a portable device so called as a

| ap-top type widely spread. In this P§§C556T3¥B%, a quuiﬁ cry?tal
apparatus is generally enployed for a di spl ay_appar at us thereof,
hg\a/ever, in agcor danc)é WWM&W é:PtF@/'%zFTGpIPr%ﬁ?Lg‘é XPBS AU splay in recent
years, a back | ight type display apparatus in which a |light source is
arranged at the back of a liquid crystal display plate and a whol e of
a display surface is lighted up froma back side spread. It is

necessary to nake a brightness of the 15 |ight source as the back |ight

apparatus for } I f display apparatus high, and light up the
whol e of the %Ebﬁyﬁggﬂégﬁgggg wi t hout unevenness of the brightness. In

order to inprove the brifilnsssseAl LAPLAYSADLLINLAESS, o pabd 10EsAST Y

achi eved by increasing t ghtness o i'ght ‘sour Ce, an
increase of theypeli ARA8IS crystH1 tdpdightgsource is limted because a

battery or the i Ke is enployed as a drive source in the [ap-top type
BACKGROUND ART
5 In recent years, it is promoted to make a

personal computer compact, and a portable device so called
as a lap-top type widely spread. In this lap top type,
a liquid crystal apparatus is generally employed for a
display apparatus thereof, however, in accordance with

10 a development to a color display in recent years, a back
light type display apparatus in which a light source is
arranged at the back of a liquid crystal display plate
and a whole of a display surface is lighted up from a back
side spread. It is necessary to make a brightness of the

15 1light source as the back light apparatus for this kind
of display apparatus high, and light up the whole of the
flat surface without unevenness of the brightness. 1In
order to improve the brightness, an improved brightness
can be easily achieved by increasing the brightness of

20 the light source, however, an increase of the brightness
of the light source is limited because a battery or the

like is employed as a drive source in the lap-top type



2 personal conputer and the |ike, so that there has been
conventional ly no effective nethod. As an edge |ight type

| i ght apparatus for a conventional liquid crystal display apparatus,
there are 5 apparatuses described in Japanese Patent Unexam ned

Publ i cation Nos. 4-162002 and 6-67004. In2hese appar atuses, as shown
in Fig. 2, a lanp such as a col d- cat hode tube, a hot-cathode t ube or
the like is persopladyetbriiorter | amdttheuttke], sbhithaits tawerangeds deean end
10 surface of a light conductor plate 2 nade of a perneable mat eri al ,
a light scattelcpng'elne\'-;ﬂemasllf}orncsc@ff@qztngeambtghd and a reflecting
plate 4 for reflecting a light is provided on a |l ower surface of the
light conductor plate 2,A8nan edgealdohtusivee diight :ppawatisafer|k white
synthetic resin 15 haV| ng.an optical confusion effect for nmaking a

bri ght ness CO&Veﬂﬁféqqaglhtl1§th‘r11da€§Y§ﬁ?floﬁ3h§ElPYa¢ERﬁ1€aFH§ VRS Ee AN ace

ded he ht duct ate 2
Further . on’an %”ag%‘%iiﬁ Eéeea%:q:@%% £h nofeanrae %%t%éfrm@@@mnﬁr%hqst i ght
d [ I t e ate i ch converge
gogi fe?ﬁlsgg Fi ngbq d‘[ona Ogsp‘t at ?ﬁ%@&g g g 2?8& rTBrBQe geEFI gEt ness of
f t th d t us urther, a
gtructurreogf f%@&?}%h Sceosri?uséi isﬁn&,ynapgaég? f%r 80%?5‘5 é‘cl}héaﬁ |aght gui ded
by the 1ight CQBQHQE%rtho%%a e 2 82 dEREELT Bof’ obherd i fiéé Yyplate

and a net hod of man cturing t e sane are as shows
a structure of e?nB@.oB(‘egihffo‘iOQfPJ?é‘lﬁ)@ dhede 1Thenlis0Rk arranﬁgafblﬁ'él{' dryer is

structured such that a plurality of
10 surface of a light conductor plate 2 made of a permeable
material, a light scattering layer 3 for scatteringa light
and a reflecting plate 4 for reflecting a 1ight is provided
on a lower surface of the light conductor plate 2, and
a diffusion plate 5 made of a milk white synthetic resin
15 having an optical confusion effect for making a brightness
of the light surface uniform all around the whole surface
is provided on an upper surface of the light conductor
plate 2. Further, on an upper surface thereof, there are
arranged a first light condensing plate 6 and a second
20 1light condensing plate 7 which converge a diffused light
at a certain degree so as to improve a brightness of a
front surface of the display apparatus.
Further, a structure of the light confusion
layer for confusing the light guided by the 1light conductor
25 plate 2 in a direction of the diffusion plate and a method
of manufacturing the same are as follows. Fig. 3 shows
a structure of the light confusion layer. The light

confusion layer is structured such that a plurality of



3 | ight confusion materials 8 using a titanium oxide or the i ke
is formed on the surface of the |ight conductor plate 2 in accordance
with a method such as a printing or the like. An optical strength from
the |ight source becones 5 lowered as being apart fromthe |ight source
1. Accordingly, an area of the |ight }confusion materials is set
to becone larger as they are apart fromthe |ight source.

On the contrary}igas des€nishiec natéapaiese Raimnta tiBabiexaokidd Sulheati on
No. 7-294745, there is proposed a light conductor plate of a type in
whi ch a gratindideobgeformedion thensur bacea dbthenl sght avendiictbe dliata
conductor plate so as to reflect an incident light to the |ight
conduct or 2pliat @accorflance with aametdind enath @tsove priimtiing convdre i onal
l'i ght apparatus, it is structured such that an emtting |ight

from the |ight 13&8r-ceRnsophifadustrenrgthhbromghie dohifetsrurce besiomes
confused by the |ight confusjon materials contained in the |ight
confusi on | dyerC¥SFech@ededrg amATE EuPnt BRet 6140t §GUFSE yist al el enent
after passing through the diffusion plate, so that the structure is
conpl ex and t hBFEOFSLR %dblaé’nf’lfﬁ&to h@“%ﬁ’gqﬁ%&? 4sion MAtREAS diie to a
| oss such as the light confusion and th | i ke. Further, .there.is a
probl em that i ﬁetthé:%néer?(?&‘eoﬁa%elf o Fri ﬁBethrSr SPFES éf(?g\/é:,h‘? ﬁli%h’ﬁar dto
manufacture a 4,,,J@tal nold. In the conventional apparatus
ment i oned above, )

On the contrary, as described in Japanese Patent

10 Unexamined Publication No. 7-294745, there is proposed
a light conductor plate of a type in which a grating groove
is formed on a bottom surface of the 1light conductor plate
so as to reflect an incident light to the light conductor
plate.

15 As mentioned above, in the conventional light
apparatus, it is structured such that an emitting light
from the 1light source is introduced to the light conductor
plate, confused by the light confusion materials
contained in the light confusion layer and thereafter

20 irradiated to a ligquid crystal element after passing
through the diffusion plate, so that the structure is
complex and there is a problem that the brightness is
lowered due to a loss such as the light confusion and the
like. Further, there is a problem that in the method of

25 forming the grating groove, it is hard to manufacture a
metal mold.

In the conventional apparatus mentioned above,

since a number of the elements is large and the diffusion



since a nunber of the elements is large and the diffusion

4 pl ate and the |ight condensing plate are arranged on an upper
surface of the light conductor plate, unevenness of the brightness can
be reduced, however, there is a di sadvant aget hat t hewhol ebri ght nessi s
reduced. In the 5 case of this structude, since a uniformty of the

bri ghtness and an i nprovenent of the brightness are al ways opposi ng
objects, it isPhafg aBdstheelibbm cOndehsing platet maey arirardesl casarof the
| i ght conductor plate of the type in which the grating groove is
formed, the inpPBeEnERELace ¢f tthe Brigit resnduaobephaheevedevieanessr , |t
IS significantly hard to manufacture the netal nold and nake t he
bri ght ness uni ¢5r kpe brightness cathdgrreduced nveovevsari s thede fisr asol vi ng
t he current status nentioned above, and an object of the 15 present
invention is tO*PREVABEATE that Fheryhehe hpighitness is redmeed. i e shes t he
conventiona% di sadva taggs and can Jnprove a, brightness w thout

i ncreasi ng & bYFYfit REsSHdF Strugtprs,i ghine® @ ceniformityppECEbSURE OF THE

| NVENTI ON 20 . In order to achieve th bj ect nentioned_above,
in accordance %mr%%hFﬁssBr%%iﬁP +W’éﬁ¥?’8ﬁ?ta°$ Fg‘ﬁtobiﬁlghtﬁﬁﬁﬁl?&eoﬁlwpéﬁse

por i ons ( her arvere Eha"PBueetel 1% TR narg S8eRYE Lhrdani O cBRET ol 1 e
angle of incligénPiary, in the case of the light conductor plate of the
type in which the grating groove is formed, the improvement
10 of the brightness can be achieved, however, it is
significantly hard to manufacture the metal mold and make
the brightness uniform.
The present invention is made for solving the
current status mentioned above, and an object of the
15 present invention is to provide a liquid crystal apparatus
which improves the conventional disadvantages and can
improve a brightness without increasing a brightness of

the light source.

DISCLOSURE OF THE INVENTION

20 In order to achieve the object mentioned above,
in accordance with the present invention, a light
conductor plate having a plurality of small projecting
portions or small recess portions (hereinafter, refer to
as dots) with a suitably controlled angle of incline of

25 a cross section is employed for converting a direction
of a forward movement of a waveguide light within a light

conductor plate into a predetermined direction. Further,



25 a cross section is enployed for converting a direction of a forward
novenment of a waveguide light within a |ight

conduct or pl at ei nt oapr edet er m neddi rection. Further,

5, areflection filmis fornmed along the dots or the reflection
filmis arranged as occasi on demands. Fufst her, a prismsheet having a
suitable prismtop angle is arranged as occasi on denmands, thereby
irradiating a i §REleeamon FiHavi ¥y foxmeédadlengnghe diostr icuttiten toward a
di spl ay el ement froma_light outputting surface. Further, in

order to prevehBINBrtd ory bidpdmerrrangedasenpasion demamds. Further,
arrangenent of the dots satjsfies a fixed_restricting condi tion and
the dots are afRIgdlS¢EY BRVERIA SHdkabhe PLbsREghpREyed s Raramaed by
changi ng a nunber of the daots and/ or, a shape,thereof and/or a size

t hereof as occ&§i 8rcasiony ,S'antr}h?lﬁ?}éyd?gfggbﬁFPBH &f ligdtehqan ng

light is de_uniform and an unevenness.of the brightness s
pr event ed fﬁonﬂggFﬂg 6eﬁ@ﬁ§ﬁ§ie ang Eé%%?ifﬁﬁﬁﬁPpTFENgéé'?H§H§9$WWEB
Fig. 1 is a perspective view of. g back |ight arat ys rtion_of a
i oui d cryot ot apBspky Exist didh Wlend8ling o B8R3N HREBRREL O1p
i nventi on; I 1:S..8 Cros i | yi 20 .
conventional dgffiSFi % ipnlbé:‘%%%%ﬁl}_rﬁ f%&ﬁ‘d%‘éf’%%%ﬁ%@é; 4 Iﬁé%gérain W%lcﬁ g. 3
IS a SChe”at!Caﬂ!§¥£9§gémgﬂE 8f'€ﬁ¢g&§ﬁé1sati§?£ks:§ fixed restrictifigd- 4
is a schematic view of "a size of the dot
condition and the dots are arranged and formed at random,
10 is employed. Further, by changing a number of the dots
and/or a shape thereof and/or a size thereof as occasion
demands, an angle distribution of the emitting light is

made uniform and an unevenness of the brightness is

prevented from being generated.

15 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view of a back light
apparatus portion of a liquid crystal display apparatus
in accordance with the present invention;
Fig. 2 is a cross sectional view of a
20 conventional dot printing type light conductor plate;
Fig. 3 is a schematic view of a dot printing in
Fig. 2;
Fig. 4 is a schematic view of a size of the dot
in accordance with the present invention;
25 Fig. 5 is a view which totally shows an

embodiment in accordance with the present invention;



in accordance with the present invention; 25 Fig. 5is a view

which totally shows an enbodi nent in accordance with the present

i nvention; 6 Fig. 6is
a_schematic view of a direction of cutting an angle of incline of a
Cross section in accordance with theéresent invention;

Fig. 7 is a first schematic view of the angle 5 of incline of a cross
section in accordance wWiFhgthé is a prhesattiinwerw awf a direction ofFig. 8

is a second schematic view of the angle of incline of a cross section
in accordance @hthingean anglesshtinelimeiofi;a t@oss sectiorFiip 9 is a
third schematic view of the angle of incline of a cross section in
accordance wit Bcep&dance pridderiihe rpeesénh; invention; Fig. 10 is a
fourth schematic view of _the angle of incline of a cross section in
accordance with the 15-%*%seﬁtl$n@eﬁ%réﬁ schematic view pifgthe angle fifth
schenmati c vj eM/%f.th .angl e inclipe of a cross sectign.in

accor dance t fgcline r?rfesaerﬂr?%e?ﬁ?'bhon in accordancerwith the 4

si xth schenatlc V|em%pf thetg le 20 of incline of a cross section in
accordance wi tR*EREDT TN nvent i on; Fig. 13 is a

oLt eI i V1 €W G4 1% e pocorl RS S F LR

of incline of a cross section in accordance with the
present invention;

10 Fig. 9 is a third schematic view of the angle
of incline of a cross section in accordance with the
present invention;

Fig. 10 is a fourth schematic view of the angle
of incline of a cross section in accordance with the

15 present invention;

Fig. 11 is a fifth schematic view of the angle
of incline of a cross section in accordance with the
present invention;

Fig. 12 is a sixth schematic view of the angle

20 of incline of a cross section in accordance with the
present invention;

Fig. 13 is a seventh schematic view of the angle
of incline of a cross section in accordance with the
present invention;

25 Fig. 14 is a eighth schematic view of the angle
of incline of a cross section in accordance with the

present invention;



25 Fig. 14 is a eighth schematic view of the angle of incline

of a cross section in accordance with the present invention;

7 Fig. 15 is a ninth schematic view of the angle of
incline of a cross section in accordance with the present invention;
Fig. 16 is a tenth schematic view of the dngle 5 of incline of a cross
section in accordance with the present invention; Fig.
17 is a view which totalfigshdwsis asmdpdh schepfatd o Ivdtevs wrff adee ahollee dot
i n accordance with the present i nvention; 10 Fig. 18 is a
perspective viel WRAFEANEhOEs 3 cHiffly sectiemcirsapepriancef with gite
conductor plate in accqQrdance with the present invention;

Fig. 19 is a seh8ffittclRVeRt3Pls shape of the smal | recess portion of

the light conductor plate in 5 accordance with the present invention;
Fig. 20 is a view for exXpt%i r?iqlujsaal seathopchematiq vgigw pdafbsi eROAS he

| i ght condugtor_plate.in accordance wth,a first enbodi nent of the
present inventfonttctine 5t"d CIass, seqti AR ReRBFRRGPelItt &P8hape of

the 20 |ight o:_plate in accordance wth the present
I nvention; f}PQQQﬁE Engﬁ?%.m?z is a first view of a relation between

L o o o B4 Y B P Lo £553cus o BB 2
of a flat surface of the dot in accordance with the present
invention;

10 Fig. 18 is a perspective view which shows a small
recess portion of a light conductor plate in accordance
with the present invention;

Fig. 19 is a schematic view of a shape of the
small recess portion of the light conductor plate in

15 accordance with the present invention;

Fig. 20 is a view for explaining a locus of a
light beam within the light conductor plate in accordance
with a first embodiment of the present invention:

Fig. 21 is a schematic view of a shape of the

20 1light conductor plate in accordance with the present
invention;

Fig. 22 is a first view of a relation between
an angle of incline of a cross section of the small recess
portion and an angle distribution of the emitting light

25 1in accordance with the first embodiment of the present
invention;

Fig. 23 is a first view of a relation between

an angle of incline of a cross section of the small recess



25 in accordance with the first enbodi nent of the present I nvention;
Fi'g. 23 is a first view of a relation between an angle of incline of a
cross section of the small recess 8
portion and a strength of the emtting light in accordance with the
first embodi ment of the present inventions Fig. 24 is a
second view of a relation between an angle of incline of a cross
section of thepsmtlionranéss strenguh obrtlememdn tdmg 2ighstin luttadcardanfcd he
emtting |ight in accordance with the first enbodi ment of the present
i nvention; with the firmity emBodimentsectnthei pweskend raivarwirorbet ween
an angl e of incline of a cross section of the small recess 10 portion and
a strength of the emttifggtightis m srvmhntiew of anne athior besween

enbodi ment of the present invention; Fig. 26 is a third view
of a relation BBtaR&He Of ingdingrE Bfciers |St?é3tdf°na°ér%]§§ ekl geasIsS he
smal | reces portion and ana l.e di,stribution of the emttlngllght

15 in acco?’daﬁ@é‘t\?moph ap; pegl gitrdmutdon pd &%@H‘tlt 1ng ilrhedHt i on;

Fig. 27 is a third view of a relation etmee ._an incline of a
cross section 6? ffé&° \rg@nlcer SPY the P bafymgns, Pgn @fretsr?é“t
emtting |i ght %%cordance 20 with the fi rst enbodi ment of the present

i nventi on; "Fig. 28 is a view which totally shows a shape

of a flat surface of thepdgl & ACGPIAANGE: Wild) (U1 PLEIEM on bedhENTT ON

an angle of incline of a cross section of the small recess
10 portion and a strength of the emitting light in accordance
with the first embodiment of the present invention;

Fig. 26 is a third view of a relation between
an angle of incline of a cross section of the small recess
portion and an angle distribution of the emitting light

15 1in accordance with the first embodiment of the present
invention;

Fig. 27 is a third view of a relation between
an angle of incline of a cross section of the small recess
portion and a strength of the emitting light in accordance

20 with the first embodiment of the present invention;

Fig. 28 is a view which totally shows a shape
of a flat surface of the dot in accordance with the present
invention;

Fig. 29 is a view of a cross sectional shape of

25 the small recess portion in accordance with the present
invention;

Fig. 30 is a view of a relation between a depth

of the small recess portion and a strength of the emitting



Fig. 29 is a view of a cross sectional shape of 25 the small recess
portion in accordance with the present I nventi on; Fig.
30 is a viewof a relation between a depth of the small recess portion
and a strength of the emtting light in accordance with the
present invention; Fig. 319is a view of a relation between a
si ze of the snall recess portion and a visibility of the dot I n
accordance wi thight pneaerbridarerd iwdith tlbe present ihignt3dni;s a schematic
view of a structure in accordance with the present invention;

Fig. 33 is a perspecti veFid evd bfis abadlew iogha relatdpmibatusegioE isdze n
accordance with a second enbodi nent of aliquid crystal display

appar atus of t®8 phesemalliperagenppofiion and a visibifiigy 84 itheadot

per spective view which _shows a small projecting portion of the |ight
conduct or pIaténlﬁcc°rda§€@oﬂﬁéﬁbéhﬁthQﬁﬁﬁ%rb%%ﬁFtiﬁventlon

Fig. 35 1is schematic view of a shape of a smal| projecting portion of
the Iight conductor platéQR132 15é%&ﬁ%ﬁﬁﬁ%lﬁnYheWh@fpﬁe§EﬁPCtHV€nﬂPon
Fig. 36 is a view fqr _explaining a l|locus of, ght beam wi t hin the

|i ght conducto?cﬁPﬁggnFﬁ Y& @resenVM%WV?%Elﬁ?esent |nvent|on

Fig. 37 is a view of a rel ati betmeen an

section of the snall RS E %ﬁﬁ??%ﬂggxa ghegnﬁ% adﬁgFEeB P%n

the emtting léggératus portlon in accordance with a second embodiment

CI’ 0SS

of a liquid crystal display apparatus of the present

10 invention;

Fig. 34 is a perspective view which shows a small
projecting portion of the light conductor plate in
accordance with the present invention;

Fig. 35 is a schematic view of a shape of a small

15 projecting portion of the light conductor plate in
accordance with the present invention;

Fig. 36 is a view for explaining a locus of a
light beam within the light conductor plate in accordance
with the present invention;

20 Fig. 37 is a view of a relation between an angle
of incline of a cross section of the small projecting
portion and an angle distribution of the emitting light
in accordance with the second embodiment of the present
invention;

25 Fig. 38 is a view of a relation between an angle
of incline of a cross seétion of the small projecting
portion and a strength of the emitting light in accordance

with the second embodiment of the present invention;



i n accordance with the second enbodi mrent of the present I nvention; 25
Fig. 38 is a view of a relation between an angl e of incline of a cross
section of the small projecting portion and a strength of the emtting
l'i,ght in accordance with the second enbodi ment of the present

i nvention; 10 10 Fig. 39
is a view of a cross sectjonal shape of the small projecting portion
in accordance with the Fig. #%dent vhewnefon,cross sectional dlape 4 is a
view of a relatjon betmeen a depth 5 of the small projecting portion and
a strength of the smal eﬁFPDﬁﬁ}ﬂqqyﬁoﬂﬁﬂ%mcbmd@ﬂ@@rdﬁnhetWQt@r§§@nt

I nventi on; 41 is a perspective view of a back |ight
appar at us portpﬁﬁsﬁﬁta&BB i th a third enbodi nent of a liquid
crystal display apparat t he present 10 |nvent|on

Fig. 42 is aperspect ive RSFI rCh2shofE % Gdiglation %&%e’b@r flegthof the
| i ght condugt or te in ccorda fth the_present inventjon

Fig. 43 is V|£ ﬁSrsgﬁﬁﬁaPﬁpﬁfc HqgnRPQﬁl%P ﬁﬁgl?gﬁPrSESﬁ¥wPFmﬁ?qrm

T oo B A

present inventrion

distribution of the emtgléuydiggg érb%§§§gg@§9g &ﬁé@ 5? backtEHg%t

enbodi ment of the present 7l nventio rs-a vi of a

relation bet“EQﬂpéfa@ﬁ9|ﬁortlonoin'QEEb?ﬁaﬁEe witBSa éﬁEEBOQmBBd&R%n%”H'

recess portion
of a liquid crystal display apparatus of the present

10 invention;

Fig. 42 is a perspective view which shows a small
recess portion of the light conductor plate in accordance
with the present invention;

Fig. 43 is a view for explaining a locus of a

15 light beam within the light conductor plate in accordance
with the third embodiment of the present invention;

Fig. 44 is a schematic view of an angle
distribution of the emitting light in accordance with the
third embodiment of the present invention;

20 Fig. 45 is a view of a relation between an angle
of incline of a cross section of the small recess portion
and a strength of the emitting light in accordance with
the third embodiment of the present invention; |

Fig. 46 is a view of a cross sectional shape of

25 a light condensing plate used for the present invention;

Fig. 47 is a view of a main portion of a fourth
embodiment of a liquid crystal display apparatus in

accordance with the present invention;



and a strength of the emtting light in accordance wth the third
enbodi nent of the present invention; Fig. 46 is a view of a
cross sectional shape of 25 a light condensing plate used for the present
i nvention; Fig. 47 is a view of a main portion of a fourth
enbodi ment of a liquid crystal display apparatus in accordance with
the present invention; Fig. 48 is a first angle

di stribution of an Bigtt48giki ghfioktt hagleurdis e iemtof nan
accordance with = the present invention; Fig. 49 is a
second angl e dFEBEEtBOC bhabE afhthe Howrth emhpdimgint oh admofdamed with
enbodi nent in accordance with . the present invention,;

Fig. 50 i s an 5REI Br&SSBdM¥Eiiame enitting light of the fourth
enmbodi nrent in accordance_ wth the gr esent invention; 10

Fig. 51 is a schematic Vit of9 F§. aspecond angle distrijutipn ofa thew of

an angl e dependence,of the miting light .at a tine when an angl e of

i ncline of g emltEFBQsiJs%laf iodc'ntﬁﬁ é%t%ﬁ%&ﬂ‘g’é’%“ﬁ?tt hB G UEHRDT AW on
is uniform 15 Ei%: 3 is a view of an angl e dependence of the
emtting |ight PR PRESERSe 15f ‘ng an angle of incline of a cross
section in accordance VM§{1t presen vention;

i coes Fig.
54 is a view of an angle o%bendelﬁcgno%ntg&ee dlfg)e Cl%éml it&ﬁt ef“r’ftttﬁ'élgc:age

of locally chapgifig 8% 2RY @ourth embodiment in accordance with the
present invention;

10 Fig. 51 is a schematic view of Fig. 50;

Fig. 52 is a view of an angle dependence of the
emitting light at a time when an angle of incline of a
cross section in accordance with the present invention
is uniform;

15 Fig. 53 is a view of an angle dependence of the
emitting light in the case of changing an angle of incline
of a cross section in accordance with the present
invention;

Fig. 54 is a view of an angle dependence of the

20 emitting light in the case of locally changing an angle
of incline of a cross section in accordance with the
present invention;

Fig. 55 is a view which shows a relation between
a surface roughness and a brightness of a front surface

25 in accordance with the present invention;

Fig. 56 is a first view of a process for
manufacturing the light conductor plate used for the

present invention;



of incline of a cross section in accordance with the pr esent

i nvention; Fig. 55 is a view which shows a relation between
a surface roughness and a brightness of a front surface 25 in accordance
wi th the present invention, Fig. 56 is a first view of a
process for manuf acturing the |ight cblhductor plate used for the
present invention; 12

Fig. 57 is a second vi ewif. a5prbseasstaoond viewanf actprodwgss hfoti ght
conductor plate used for the present invention; Fig. 58
is a third vi emenfifacpusdess the lidhtrarofdettiornglahe isght feonduot or

pl ate used for the . present invention; Fig. 59 is a
schemati ¢ vi ewpoPsgnteizmviemt It ween a dot width and an angl e of
incline of a cross section I n accordance with the present invention;
10 Fig. 60 i s Bl@chebaifcavEbhref viewelodt imopunasenfor  an
aver age di stance between dots _and an angle_of incline of a cross

section in accBRrEAES LHEIRS Hd S rlekdH: conduckoenpiahe used for the g

61 is a schematic view.,of an .exanple of a 15 relation between a dot width
and an angl e oPTPAEAINETIFEBELONI ¢ross section in accordance with the

Bé?iggzzt : C\éeC}[ ie\(/)vné)f anaibﬁingd‘ 59 is a schemat'i:ich'rig\g oifsa%:nelea)@:ﬂoorgggtween
a dot width and an angle of incline of a cross section
in accordance with the present invention;

10 Fig. 60 is a schematic view of a relation between
an average distance between dots and an angle of incline
of a cross section in accordance with the present
invention;

Fig. 61 is a schematic view of an example of a

15 relation between a dot width and an angle of incline of
a cross section in accordance with the present invention;
and

Fig. 62 is an exploded perspective view of amain

portion of a liguid crystal display apparatus in

20 accordance with the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
In accordance with the present invention, in
order to convert a forward moving direction of a waveguide
light within a 1light conductor plate into a predetermined
25 direction, a dot 9 constituted by a plurality of small
projecting portions or small recess portions is formed

on a surface of the light conductor plate. The dot



portion of a liquid crystal display apparatus in 20 accordance with the
present invention. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON
In accordance with the present invention, in order to convert a
forward noving direction of a waveguide light wthin a |ight conductor
pl'ate into a predetermned 25 direction,1& dot 9 constituted by a
plurality of small projecting portions or small recess portions is
f or med on aosuebpoads!, tze shiogint icoFduyct dr (Anathe Basead@if forming
13 corresponds, as shown in Fig. 4 (in the case of formng t he
smal | recess pbthei gmslbreceésnarostrdnsemf Lhwelki ghrface of drikidtight
plate), to a small projecting portion or_a snall recess portion
surrounded by @GoRrAdFtearPiehell {®Ra amald pr&i ¢etifanpant anpe aismellespect
to a light conductor plate |ight emtting surface 12 is 10 degrees or
| ess) of a ||gﬁf—cess Peshags: §Prﬁpapée@oby'fer ah Re¥Ehee Bs (Ravi Adg % dot
form ng sur%ace n the surface of the |ight_ conductor plate. 10

Fig. 5 tota Iyu’é‘ ARG WO I EREPEAT R & dARRE conduw:% H]i?et?Jrlé%ﬁ

i nvention, and_sh nclined su of_th
proj ecti ng porﬂ“ﬂig%gpgt ﬁélr%lace &?allls r%%eé%g’ﬁ%?ﬂ 8h r8§p€cﬁ‘t§r§tt he
flat portion o& the urfa of the. | ight onductor ate nafter

15 refer to as aﬂdgﬁé &3t 19N (ﬁrQ9%$o§%r§%E?|8ﬁ)V1 wing %d%gillbutlon
of angl es of | BGLhigg gugﬁg%gS%PsgﬁtﬂI?g’s&face SERHL 915 ANELEMc R r

distribution thereot,
plate.

10 Fig. 5 totally shows an embodiment in accordance
with the present invention, and shows an angle of an
inclined surface of the small projecting portion or the
small recess portion with respect to the flat portion of
the surface of the light conductor plate (hereinafter,

15 refer to as an angle of incline of a cross section), a
distribution of angles of incline in a cross section, a
depth or a height, a distribution thereof, a shape of a
flat surface, a distribution of a shape, a size, an
arrangement of dots, a distribution of density of dots,

20 a distribution of shapes of the dots, and a sub material
of the 1light conductor plate in accordance with the present
invention.

An angle of incline of a cross section of the
light conductor plate of the ligquid crystal display

25 apparatus in accordance with the present invention
suitably has an angle of 7 to 85 degrees (preferably 7

to 43 degrees and 50 to 85 degrees). Particularly, in the



flat surface, a distribution of a shape, a size, an arrangenent of
dots, a distribution of density of dots, 20 a distribution of shapes of

the dots, and a sub materi al of the light conductor plate in
accordance with the present i nvention. An angl e of
incline of a cross section of the | ipht conductor plate of the liquid

crystal display 25 apparatus in accordance with the present invention
suitably has atagagbf Dérmlihe ST &fEEEedng pf£hes ald Vis/ suitaBloy sxtdegr ees
and 50 to 85 degrees). Particularly, in the

14 case 020f bondfAgdegreldssctimgHe |lcase tof sesplbghhy aelight 20 to
40 degrees, in the case of enploying a |ight condensi ng plate and not
form ng the re¢brdensgnti bimtetand not steumind|thes ete filect itng £3 ldegrides,
and in the case of 5 not enploying the Iight condensing plate and not

form ng the puikablyngedl &wce7 ito i43 dArarersy. sendt én50heocgse of
degr ees. Here, a description wi|l be given of the angle

of incline of PAE ePRLYiBgthn Light ondensing PlFEs and pos fermgng
Fig. 6 is a vieM/mhi%h explains a cutting surface 13 of the |ight
conduct or pl at ENGt TEELPRELHO BBdSri dithgts SulkaRl¥ngeE 5P SAcitondof the
cross section. ;\Wen determ ning the angle of incline of the cross
section, 15 aS®9hE&f-in Fig. 6, it is desirable to cut the dot in a

per pendi cul ar direction 492 |ight saurce 1 a.r}Ld1 ibrza %iven RE" %%rédg%téllaer

direction to the |ight ¢onductor Pidrdt+on Wi

of incline of the cross section with reference to Figs.
10 6 to 16.
Fig. 6 is a view which explains a cutting surface
13 of the light conductor plate at a time of determining
the angle of incline of the cross section. When
determining the angle of incline of the cross section,
15 as shown in Fig. 6, it is desirable to cut the dot in a
perpendicular direction to a light source 1 and in a
perpendicular direction to the light conductor plate
light emitting surface 12. This is because an inclined
surface of the dot in a horizontal direction acts on the
20 1light source due to a reflection, a refraction and the
like in a more effective manner than that at a time of
changing a course of the light.
When determining the angle of incline of the
cross section, a calculation is performed in accordance
25 with the following way.
In the case that the cross sectional shape of
the dot can be substantially similar to a trapezoidal shape

as shown in Fig. 7, the angle of incline of the cross



light emtting surface 12. This is because an inclined surface of the
dot in a horizontal direction acts on the 20 light source due to a
reflection, a refraction and the like in a nore effective manner than
that at a tinme of changi ng a course of the light. When
déternining the angle of incline of the 15 cross section, a calculation is
performed in accordance 25 with the follow ng way. In the
case that the seotioneis idetarmingbasfshown ihBidet7 cafmtheubzsaiadl |y

simlar to a trapezoi dal shape as shown in Fig. 7, the angle of
incline of theitrbgshard to be approx1mated to the trape201g51 shap€action

Is determ ned as shown in Fig . I'n the case that is hard to be
appr oxi mat ed tBh?h@rPFﬁpégéFQQPaéhﬁbépe is aﬁh§16ﬁés§P§€@ﬁ%m%£94ﬂﬁﬂm§ is at
first approxi mated, str alght | i_ne. a resuylt,

possible to t§65§8§nt1|1§1q -y BfpPoXiSFdt lél'aé"rﬁfbv&ﬂtlhsF?%%Sl 13n&°9 02

is set to be as the an incline of the 0SS sectjon Furt

when it is Eos%PBF’Eapﬁg?&l}é’t é‘ﬁtﬂrﬁ’iwaaﬁﬁ)r"tﬁ(ﬁiﬁ?‘@ in Figs Siﬁ)\/ﬁ‘f“?r?ﬂ%s. 10
and 11, an average val u be | e of

i ncline of the Egrg%ss%se%tel %% él](?nﬁjlef hergnw% %fsg%%c?%s?%gﬁ tsg%&%%'
substantially

val ue bet ween gﬁpEﬂékqgﬁge%fji%ggpfggyg%éqfﬁgqgﬁgééto%gjésﬁP%QOQ Tl e Cross
section. t h e

is establi shedggaégg o E%TF%§%2 ?g %g?elt% gatent v;e%laa;g}% 15 I N éj{lgne gf
the cross sectaﬂﬁ 2PHs fsféecrto%efhétadgqe of iRR3SIHY 8fttfhe$5955§r5é@cl_id/n

approxi mate as shown i n Figs.

10 Further, when it is possible to substantially approximate
as shown in Figs. 12 and 13, an average value between 61
and 62 is set to be the angle of incline of the cross section.
In this case, in the case that a relation 02 < 10 degrees
is established, a value 081 - 62 is set to be the angle of

15 incline of the cross section. Further, when it is
possible to substantially approximate as shown in Figs.
14 and 15, an average value between 01 and 02 is set to
be the angle of incline of the cross section. In this case,
in the case that a relation 02 < 10 degrees is established,

20 a value 01 - 02 is set to be the angle of incline of the
cross section. In this case, in Figs. 8 to 15, the angle
of incline of the cross section may be calculated in
accordance with the following formula (formula 1).
Further, it is desirable to approximate so that an

25 approximate error (a difference between a true value and
an approximate value) becomes 5 % or less of a dot depth

{a dot height) of the dot for calculating the angle of

incline of the cross section. Further, a value of 0



14 and 15, an average val ue between 01 and 02 is set to be the angl e of

incline of the cross section. In this case, in the case that a relation
02 < 10 degrees is established, 20 a value 01 - 02 is set to be the angle
of incline of the cross section. In this case, in Figs. 8 to 15, the
angl e of incline of the cross sectiohemay be calculated in
accordance with the following formula (forrmula 1). Further, it is
desirabl e to appFbERERARASs o Batvadme 2tet eppimed nhh eaecoplapaedwfiftdr ence
bet ween a true val ue and an approxi mate val ue) becones 5 % or |ess of

a dot depth Trefrac@awvenbndnmx)obfthendigbtt tonduatouw plahg,tded amyltdheof
incline of the cross section. Further, a value of O

16 cor r espdffisthatay the Fefgacsrimencndex ateot dafhict %iLh about 18
refractive |ndgx of the light conductor plate, and in the _case that
the refractiveltRUERS] %slsﬁ?t@@ £- about 18 degrees is suitable. 5
ANGLE O | INE I N CROSS. SECT] ON FORMULA 1)

= LENGT STRAI GHT “{§§e (OF INCLINE IN CRPSS-SEEWEHN OF STRAI GHT LINE
2 = VALUE DETERM NED | N ACCORDANCE WTH 10 REFRACTI VE
| NDEX OF LI GHT CO\IDUCTO? PLATE REFRACTI VE | NDEX OF LI GHT
CONDUCTOR PLATE = /¥¥3§hﬁ¥§ GREES VWHICH IS SU TABLE IN CASE OF 1. 47
0.1 QB

L1l = LENGTH OF STRAIGHT LINE 1

L2

LENGTH OF STRAIGHT LINE 2
0 = VALUE DETERMINED IN ACCORDANCE WITH
10 REFRACTIVE INDEX OF LIGHT CONDUCTOR PLATE
REFRACTIVE INDEX OF LIGHT CONDUCTOR PLATE =

ABOUT 18 DEGREES WHICH IS SUITABLE IN CASE OF 1.47 £ 0.1

Further, in the case that it is impossible to

approximate as shown in Figs. 8 to 15, a cross sectional

15 shape is approximated by the straight lines as little as
possible so that the approximate error (the difference
between the true value and the approximate value) becomes

5 % or less of the dot depth (the dot height) of the dot
for calculating the angle of incline of the cross section

20 as shown in Fig. 16, and the angle of incline of the cross
section is calculated by applying to the following formula
(the formula 2) with respect to the straight line having

an angle equal to or more than 5 degrees formed with respect

to the flat portion 11 of the surface of the light conductor

25 plate which functions as the effective reflection and



Further, in the case that it is inpossible to approxi mate as shown in
Figs. 8 to 15, a cross sectional 15 shape is approxinated by the straight

lines as little as possi ble so that the approximate error (the
difference bet ween the true value and the approxi mate val ue) becones
5 %or less of the dot depth (the dot height) of the dot for

calculating the angle of incline of the cross section 20 as shown in Fig.
16, and the angeérafting swefatetarony the straigfnt lonekss cahaHial edsby
applying to the follow ng fornula (the formula 2) with respect to the
strai ght |ine BB case ghagnghe defushane és not esyrieet 51 delriee s ighitned

W th respect to the flat portjon 11 of the surface of the |ight
conductor 25 PREt kehhi chtfimdeshcablet e 2% an anglefifean dncidded

17 refracti onsurfacearrqn%t hestrai ghtljnes. |nthiscase, ~in the
case that the SBFI2Rgpdn ¥HIGE dhfdiaTeawide tight withipngheeflighty s

desirable to set gn angle_of an incline urface in which the,
wavegui de | ggh?o PﬁFﬁ%tH%aFFg}ﬁ moxng E&%&@&t&dsﬁpalﬂéei%nm ©f dpcddngd to

the angle of in Igge of the cross section. ANGLE OF
| NCLI NE | N CRC® BrFERSS section. ( FORMULA 2) Ln =
LENGTH OF STRAI GHT LI NE 0.3 ED | N ACCORDANCE
W TH REFRACTI VE | NI%E;I%JBQ—' % &ﬂc%uﬁc%ﬁbg%g%wm

(FORMULA 2)

Ln = LENGTH OF STRAIGHT LINE n
10 0 = VALUE DETERMINED IN ACCORDANCE WITH
REFRACTIVE INDEX OF LIGHT CONDUCTOR PLATE
REFRACTIVE INDEX OF LIGHT CONDUCTOR PLATE =

ABOUT 18 DEGREES WHICH IS SUITABLE IN CASE OF 1.47 + 0.1

The angle of incline of the cross section calculated

15 in the manner mentioned above is defined within the range
mentioned above, because an amount of the light emitted
from the oblique direction is restricted at an amount equal

to or more than necessary so as to improve the brightness

of the front surface as well as the distribution of the

20 emitting angle of the light from the emitting surface of
the 1light conductor plate is made suitable. Further, it

is desirable that the angle of incline of the cross section

of the dot is made smaller as it is near the cold-cathode
tube in order to intend to make the distribution of the

25 angle of the brightness uniform.



REFRACTI VE | NDEX OF LI GHT CONDUCTOR PLATE = ABQUT 18 DEGREES VHICH | S

SU TABLE IN CASE OF 1.47 0.1 The angle of incline of the cross
section calculated 15 in the manner nentioned above is defined within the
range menti oned above, because an anmobunt of the light emtted
fromthe oblique direction is restricted &8 an anobunt equal to or nore
t han necessary so as to inprove the brightness of the front surface as
wel | as the distributionThé dépth20r etrhé¢ theaglangd £ tdie tdet |iglstuifraimy he
emtting surface of the light conductor plate is nmade suitable.
Further, it setj soddstpable whaftprétenably bftonkd iure) of Bdrmawsodshe
section of the dot is nade snaller as it is near the col d-cat hode

tube in order brightasss ohdbe postdion mdan itdve dfiatite s2E amdlaraies he
bri ghtness uniform . ) ) 18 |

The depth or tke&cHeighrnst agferasulisthgidiaisibutioned the prightomrgserr]m
(preferably 5 EP 40 [err]nm. Because the bri ght ness of the portion
near the I|ight P8GOMES ifds 10 the §asf hahFhs dentds pn thf height

di I but i f the bright 5 b ven,in th t hat th

LSt DUt on obel BRPLLANRoRg, . BBSCPIRS MO/ LTLALS SO e
h th | asti terial_to.th |1 0] ect i 1 th

ST e PR R e BT R

f d wh f ' i I 1 [ t
o1 vher [ OLBS KBEc OBt E00AE UL ppcl g Bl 85, Tl 0

the height of t88 not b&d Yol PGHIERLSHnPthEC FORE [ auddieh i Lepth

or the
10 and the size of the dot 1is increased so as to make the

dot visible when setting the depth or the height of the
dot to be greater. On the contrary, when the depth or the
height of the dot is smaller than 2 um, a reflection
efficiency of the light is lowered and it is impossible
15 to obtain the desired brightness, and the waveguide light
is easily confused and diffracted and it becomes the same
in the case of simply setting the light conductor plate
to the rough surface. Further, it is desirable to make
the depth and the height of the dot smaller as it becomes
20 near the cold-cathode tube in order to intend the
uniformity of the distribution of the brightness.

With respect to the shape of the flat surface
of the dot, that is, the shape in the case of viewing the
dot from the front surface of the dot forming surface,

25 various shapes are effective and the shape is not
particularly limited. As an aim, there can be used a
substantially rectangular shape (A), a regular square (B),

a circular shape (C), a substantially circular shape (D)



hei ght of the dot is smaller than 2 [err]m a reflection efficiency of
the light is lowered and it is inpossible 15 to obtain the desired

bri ght ness, and the wavegui de |i ght is easily confused and diffracted
and it becones the sane in the case of sinply setting the |ight
conductor plate to the rough surfacel9 Further, it is desirable to nmake

the depth and the height of the dot smaller as it beconmes 20 near the

col d- cat hode t (fbehiapeopicrined by et the deformimiof armitglef, tsheegular

di stribution of the brightness. Wth respect to the shape of
the flat surfaelygonadfshhpeddE) .t Rattriapezdicizhapape (Re sadeaof viewi ng
t he dot fromthe front surface of the dot formng surface, 25 various
shapes are ef feembipaphant Heesaape(Gls, mdtich argashpwnl e IBid A7t.edThas an
aim there can be used,a ubstantlally rectangul ar shape (A), a regular
square (B) subseaRELpALYsHsEangRlay siimnahaslissei¢enfusisgnapad( D)

hape obtal partly deforn1n circle) a regular
polygonal §i (%§lt i?a%@foﬁ@&? oYH&ATe the %ﬁ%ﬂ@ﬁness %SnﬁhﬁaﬁFSHtthereof
(G, which are_s ﬁa subst rect angul ar shape

has | ess conf ¥l %ﬁd andsgﬁgcgu?q%ﬁlt@efr&afﬁﬁ tgl‘f%goﬁrﬁ’ﬁ‘ﬁ fREIngs the
" Shadow from yerasM Sr3r e REcPhgrE fo R sthe ﬁﬁ&%ﬁ% gtiBHEPERRd,
component of _tdie, £0Rf LishO8nbiic U rec%shw%goﬁq%e reat, 18 ELARL 1Y

rectangul ar shape inc angul ar e and nea
obtained by prgyé dimstantid1iguRecdang¥1 Sipd Nendfeh@g0Le and a shape

simlar
10 rectangular shape and means a shape obtained by providing

a round at corners of the rectangle and a shape similar
to the trapezoidal shape obtained by deforming a length
of a line with respect to the rectangle.
It is desirable that the distribution of the flat
15 surface shape of the dot is structured such as to make
the dot area smaller as it becomes near the cold-cathode
tube in order to intend to make the distribution of the
brightness uniform. Further, in the case that the
confusion is particularly necessary, it is desirable to
20 make the dot area partly small, or in the case that the
dot shape is the substantially rectangular shape, it is
desirable to set the shape to the substantially regular
square or the circular shape.
The size of the dot is desirably set such that
25 the area thereof is 0.2 square mm or less (preferably 0.05
sgquare mm or less). Further, in the case that the flat

surface shape of the dot is the substantially rectangular



to the trapezoidal shape obtained by deformng a I ength of aline with
respect to the rectangle. It is desirable that the
distribution of the flat 15 surface shape of the dot is structured such
as to make the dot area snaller as it becones near the col d-cat hode
tube in order to intend to make the distri®ution of the bri ght ness
uniform Further, in the case that the confusion is particularly
necessary, it $kapesiitble desirvdblenideat Hthaldtergrtdn gfathley shwalt! liae in
the case that the dot shape is the substantially rectangul ar shape, it
i s desi rab¥ 209 wBto¥ hkeshaperefernblyub§anmi airl yesegul aBecausesquar e
or the circular, shape. The size of the dot_ is desirably set
such that 25 Yh%nagéa sheredf theodotheaprermybraressthpretbisnl $he. 05

square mmor less). Further, in_the case that_the flat sur face shape
of the dot is %%%géu%gtgh?i%?Fyf?E%? ng8I Bpe light conductor plate is

20 shape, it.ki) desi able.%@ag { he IengtF of the short |ine . s
200 [err] mor Y3e§b§ fﬁrg‘iggaﬁ?ﬁl E [é?[]j;%“ﬁr; egef.terﬁeeaueetttsmjmep thed
[ f the dog t.er than is, . the ape o e do or me
on the 11 gnt CORGUCTOF BRAFerTE uS%rvfgifbﬁ‘—%e(ra‘aﬁfse?éibf%nprl&%o% the
h ' . . S t he [ soha
computer or i ke &8s fhe 1ialf GRPEATNL SISV S Rpaeh el ls PRERERD

t her eby RS RYGEA L DEg S Jjuég%gi'agt& of Sttl'%ecﬁgi‘%?ge?%sar?@Qh%ae?hgﬁgfs'

On the contrary, the area of esirably greater
0. 000025 squargn R Ro@fteaa} Y thelQPasafatge Pt is desVPEB1N§raneaof the

dot is smaller than this, the

10 than 0.000025 square mm (preferably 0.0001 square mm).
When the area of the dot is smaller than this, the
efficiency of reflection of the light is lowered and the
desired brightness can not be obtained, and the waveguide
light is easily confused and diffracted, so that it becomes

15 the same in the case of simply setting the light conductor
plate to the rough surface.

An arrangement of the flat surface of the dot
is desirably random. Because the dot in accordance with
the present invention is fine, thereby preventing Moire

20 generated by an interference with a regular pattern of
the other members constituting the liquid crystal display
apparatus, for example, a liquid crystal cell, a collar
filter, a TFT pattern, a black stripe and the like. 1In
the case that the shape of the flat surface of the dot

25 1is the substantially rectangular shape, it is better to
arrange the pattern so that a longer line of the rectangle
is substantially in parallel to the emitting surface of

the light source. Because it is easy to intend to make



efficiency of reflection of the light is |owered and the desired

bri ght ness can not be obtained, and the wavegui de light is easily
confused and diffracted, so that it beconmes 15 the sane in the case of
si_nply setting the Ilght conduct or plate to the rough surface.

An arrangement of the flat surface of theldot I's desirably random
Because the dot in accordance with the present invention is fine,

t her eby preverthegdMtréburd ongerfertiteecenbit ting megierpncpewi.th a regul ar
pattern of the other nenbers constituting the liquid crystal display
apparatus, for exanple, The dgyisd tor p&t ﬁhec@w ispdesiiirably setf pmaddera TFT
pattern, a black stripe and the like. the case that_the shape of
the flat surfa@® e dét closer; ot ﬁ]éeshb%mérﬁqlb#q:? ime ordeguitey méﬁﬁpe it
is better to [ran t he pattern o that a longer line of the
rectangl e the Sﬁﬁ%?gﬁtl F&PPy 9 n%; Ightnesfed hf??‘i“ng surface of

the Iight source. Becau | S easy to nten

31 t]tte ﬁi stributio ud:fttkt trt]??tlg éﬂ@?‘a BFX%EF& display I The
the 11 ot sourdebrredpfiorn; S inc et g miieeth SRV ehELEPr oREneos
uniform 5 ;5 offect YL E%Erhel'mg)zlo%r{g‘ qui d Igfi/iﬁ?ﬁ?gés%ﬁxlngf the . o

appar atus in accordance w't resent | nven

for i nproving abgtpibeteteﬁssf %@1@ B il ness FEShEE PULEORaREnE e

bri ght ness proper and nmaking t emtting angle proper to commonly
enpl oy the emitting angle proper to commonly employ the

10 conventionally used sub materials such as the reflection
plate, the diffusion plate, the light condensing plate
and the like.

A description will be given below of a first
embodiment in accordance with the present invention with

- 15 reference to the accompanying drawings.

Fig. 1 is a perspective view of a back light
apparatus employed for the liquid crystal display
apparatus in accordance with the present invention, Fig.
18 is a perspective view which shows a dot (a small recess

20 portion) of the present embodiment, and Fig. 19 is a
schematic view which explains a shape of the dot (the small
recess portion) of the present embodiment.

The back light apparatus has a light source 1,
a light conductor plate 2 and a reflection plate 4 as

25 minimum constituting elements, and a dot 9 (a small recess
portion) is formed on a 1light conductor plate lower surface
18 in the light conductor plate. Further, the dot is

basically arranged at random.



10 conventionally used sub materials such as the reflection pl ate, the

di'ffusion plate, the |ight condensing plate and the |ike.

A description will be given below of a first enbodi ment in accordance
with the present invention with 15 reference to the acconpanyi ng draw ngs.
Fig. 1 is a perspective view of a back |izght appar atus enpl oyed for
the liquid crystal display apparatus in accordance wth the present

i nvention, Fig. 18 F3g a st avkoview fd dhglitohean dbta (la ghrtal |

recess 20 portion) of the present enbodinent, and Fig. 19 is a

schemati ¢ vi enc@RABRtexpPdiatse avastemeidé lhehtol4 (vhéchnmbives fonwaombss
portion) of the present enbodi nent. . The back l|ight apparatus
has a |ight soﬂigélm,the lighti gendustercPdatsl dneagcordanaeMiddt ithe pl ate
4 as 25 mninmumconstituting elenents, and a dot 9 (a small recess
portion) is foPRE&SHBY ANVEHHEBondd®t EAdpl ale FHRePMIGtizde Lightidriom t he

| i ght condugctor, plate, Further, the dot is basi cal |y arranged _at
ragdonl thg ?Eght source 1s 1input to th%zlfght cgnducto%Fp&gtfo

o L5 AR 4 Whe o RS

accordance Wlshlieor o PRSEN Jaenllon, I ELge 20, dLhecemtting ! ah

from 5 the lTgQ source i's i npu e actor pla at an

oo, Sur20e L]l oAl B congBE B |
l'ight conduct ogapbgti®de 1ight, and moves forward toward the other end
10 surface 17 while repeating a total reflection on the light
conductor plate lower surface 18 and a light conductor
plate light emitting surface 12. A light beam 20 input
to a inclined surface 19 of the small recess portion among
the waveguide lights is reflected and brought into contact
15 with a light emitting surface, is refracted there so as
to be emitted from the light emitting surface, and is
emitted as an emitting light beam 21. Then, the light
beams which are not reflected become a dot inclined surface
transmitting light beam 22 so as to be reflected 23 on
20 the reflecting plate, and is again input to the light
conductor plate 2, and a part thereof is emitted from the
light emitting surface and the remainder become again the
light conductor plate waveguide light. Accordingly, by
suitably arranging the dots, it is possible to gradually
25 emit the waveguide light from the light conductor plate
so as to light the liquid crystal display element.
Further, by properly controlling an angle of incline of

a cross section 24, it is possible to control the



wavegui de |ight, and noves forward toward the other end 10 surface 17

while repeating a total reflection on the |ight conductor plate | ower
surface 18 and a |ight conductor plate light emtting surface 12. A
i ght beam 20 i nput to a inclined surface 19 of the small recess
portion anong t he waveguide lights i83reflected and brought into

contact 15 with a light emtting surface, is refracted there so as

to be enitted fistrifatiomiofethet angleupfatke emitting ligktified tdse an
emtting |ight _beam 21. Then, the |ight beans which are not reflected
become a dot i AdBhRfefonfucter platerafuntheng &iphopbrasnglesofashe be
reflected 23 on 20 the reflecting plate, and is again input to the |ight
conductor pl at 82gleaod dnsing Rt cbhe | srefft seatipdmishdnfluengeshiby

emtting surface and the renainhder beco agai n_t he | i ght conduct or

pl ate wavegui d& IS?’GRQ. %c ediﬁcﬂe‘?/? ‘E)?/ngSCtg§quLél’5@y arranging the dots, it
is possible_to gradually_, 25 2im'.t t he, wavegui de i ght 3{0n1the li ght
conduct or pPate so B59t o2ti fit 2t KeeVi YHAG R APOPS shabssyP el .
Further, by properly trolling, an angl.e of incli.ne. of . Cross
section 24, i t%%eﬁogg%glt{, &og%d{q,q:oqr @tes manufac¢tured in t?he fQJ.rst

23 auetor oo BP0 9 01 e LY LR SR LT TAG o |01

conductor pl atée. an opér” angle g i ne of

the cross sect b@gw’e%n'l:?%la%féi ®inclin i%}}:%g%oc\?ét tsc{?thbg%kafﬁ%s@

pl ate. 5 'S a Vi ew _ apes ree
types of |ightpeerdugt Gm KM &S JRNUE Qe B1hbe fhrslig. 21 @boadidrent.

Fig. 22 is a view which shows a relation

10 the distribution of the angles of the emitting lights from
the light conductor plate. In this case, the emitting
angle in a graph of Fig. 22 corresponds to an emitting
angle 25 illustrated in Fig. 21. Fig. 23 is a view which
shows a relation between the angle of incline of the cross

15 section and the brightness of the front surface in the
case of placing the diffusion plate, the first light
condensing plate and the second light condensing plate
on the light conductor plate in Fig. 21(A). 1In
measurement, a depth of the small recess portion is set

20 to 3 pm in the case that the angle of incline of the cr&ss
section is 10 degrees or less, and 8 um in the case that
it is 20 degrees or more. Further, the dot density is
optimized and measured so that the whole of the light
conductor plate is uniformly lightened. Further, as

25 shown in Fig. 20, the reflecting plate 4 may be provided
on the lower surface and the side surface of the light

conductor plate.



bet ween the angle of incline of the dot of the small recess portion in
the |ight conductor plate in Fig. 21(A) and 10 the distribution of the

angles of the emtting lights from the light conductor plate. In this
case, the emtting angle in a graph of Fig. 22 corresponds to an
emtting angle 25 illustrated in Figg421. Fig. 23 is a view which

shows a relation between the angle of incline of the cross 15 section and
the brightness of the f k. AR fwiddl ibe time detailc descofihedddiedpw.he In
diffusion plate, the first |ight condensing plate and the second |ight
condensi ng pl atke anglepftipclingefddmrigeoss gratron pfrd §o I daprees.
measurenment, a depth of the small recess portion is set 20 to 3 [err]min
the case that FRe SAHditelng apgde; ker shemxtpgr strengtdeefitdie pitoiaggr ees
or less, and 8 [err]mi.,n the case that , Lt is 20 degrees or nore.
Further, the d%{'g{ifé]n’s? f\pqreased togethenyithianelRereyse Pk rie aRalghol e

f the ligh . cond | i i formy |ightened. Further, 25
Shown i n Fi5, 36, TREPEPEHE (R FOF TG 06T GAGERTRI A KBel over

24 o0° A% (MenBEEERSUSLBAE, A LAY hERG o tafPRRERT BREN Aot ins o,
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section, and the strength of the emtting light at that t :
i ncreased. Wiepigkt dhNPncreaskh fandle Higiddf NEhOfihbecer pAS Seelkison to

50 1050 10 section, however, the strength of the emitting light is
reduced. Then, in the angle of incline of the cross
section of 50 degrees or more, there is no apparent peak
in the distribution of the angle of the emitting light.

This is because in the case that the angle of

15 incline of the cross section is equal to or less than 30
degrees, the light conductor plate waveguide light is
reflected under a condition similar to the total
reflection due to the great incident angle and the
reflective index is high when it is reflected on the small

20 recess portion inclined surface 19, so that the emitting
angle at which the strength of the emitting light becomes
maximum is increased together with an increase of the angle
of incline of the cross section, and the strength of the
emitting light from the light emitting surface is

25 increased. On the contrary, in the case that the angle
of incline of the cross section is equal to or more than
30degrees,whenthelight;onductorplatewaveguide1ight

is reflected on the small recess portion inclined surface,



degrees, the emtting angle is further increased together wi th an
I ncrease of the angle of incline of the cross 10 section, however, the

strength of the emitting light is reduced. Then, in the angle of
incline of the cross section of 50 degrees or nore, there is no
appar ent peak in the distribution of2%he angle of the enmitting |ight.

This is because in the case that the angle of 15 incline of the cross
section is equﬁhetbnéidﬁé§san§éﬁ 39 reducgdgtegsthee wiithancdnduease pl at e
wavegui de |ight _is reflected under a condition simlar to the total
reflection dueofotpﬁeaﬁgé@t afndingdrinamf ethpdcrpes sectienl e@nid/déhendex is
high when it is reflecgted, on the small , 20 , recess portion inclined surface
19, so that thﬁeéﬁFFFﬁﬁﬁ in e%mﬁﬂe§¥ﬁ %%ﬁ%%P?@eS§¥géﬁ§tﬁfth@hémﬁﬁkting

light b d.t th t f th

angte oCoTer ¥ﬁ8FFﬁeP8Mﬁlé*delsg%ee‘ﬁ’z”§%‘?og%mQ% Te’fﬁgﬁéﬁ?gghgg :
I i ght h i gh t ur IS ., S t he

g(Tnﬁiap?’t:ogor . CaS%he I&f&\:@ gﬁ Flg?gt% &:i cﬁ“}elr'f% ght condu%tgg:C)g@I&aitgn

i s equa

maveguide li gh ?gg&ﬁu}“i%r1 céf%f;%F% é%h leé cERS b%?feSﬁelﬁgl ﬁ

surface, %le of ﬁncllne of the cros; g@lon PSVEQC'QQ%t angl e
i s reduced toget er wmth an increase fe ang Ie of incliné of the

Cross section, s@pgdnbBe of thbebheetiug wgﬁ% Q'E Eﬂstl eeinbnezg sefhaeq . of the
smal | recess portion is reduced. "Accordingly, the emtting 5 angl e

at which the sruetpeh, ointtige efidgle NgF il REEIRNe crosBEe@NInS of
i ncreased toget her with the increase of the

10 50 degrees ormore, thereflective index is greatly lowered,

the dot inclined surface transmitting light 22 is mainly

contained and the light 23 reflected on the reflecting

plate becomes great, so that there is no apparent peak

in the distribution of the angle. Further, the brightness

15 of the front surface becomes peak when the angle of incline

of the cross section is 25 degrees. This is because the

light is smoothly emitted since in the case that the angle

of incline oﬁ the cross section is close to 25 degrees,

the reflection on the inclined surface of the small recess
20 portion is close to a critical angle and has a high
reflective index and the incident angle on the light

conductor plate light emitting surface 12 is relatively

small and has a high transmittance. On the contrary, when

the angle of incline of the cross section is greater than

25 the value close to 25 degrees, the dot inclined surface

transmitting light becomes great and the loss at a time

of reflecting on the reflecting plate and the like are

increased. Further, since the reflective index when



angle of incline of the cross section, however, the strength of the
emtting light at that tine is reduced. Further, in the angle of
incline of the cross section of 10 50 degrees or nore, the reflective
index is greatly | owered, the dot inclined surface transmtting |ight
22 is mainly contai ned and the |ight2823 reflected on the reflecting

pl ate becones great, so that there is no_apparent peak in the

di stribution defrrchipgyandepipsins: oo the ghghés@n@_@:’é@r%q& émnghsurface
beconmes peak when the angle of incline of _the cross section is 25
degrees. This $R1petAgstlirface 12 {isgincreasfsbiiish et b9 sihc8ILALt he
case that the ang!e gf inﬁLine of the cros sectiog IS Lgse,to 25
degr ees, YR daSScERER BRIERERTREL et 8 foFhenee S hBFFLPBEesS

20 portion is close tq a.critical ;angle d has a high flective
“ndex and ¢ he THOR RIS AGPE G RoRARCF PEALAES T2 LRHRERsPaARE £09 SR
emtting suwface . ls rekativel.y ._ . I h I gh_t m.ttance.
On the conﬁ af%/’g 1\J,x\icefnea§e<§, t%neéa é)rég 3G gﬁ%*?%gdco %t%ﬁglrgar %g%ﬁ%?,mgﬁ‘:i S
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transmtting |1 econes great and the loss at at ecting

on the reflecting - phaifgabfle! BBt WeRAS to a MEkAASRNIFUILhEr, since the
refl ective i ndex when 26 r ef

racting and emtting onrhenbi &htboDRENE in D] Gd&d ldie (Fig.eOL{R) NG
surface 12 is increased when setting it equal to or less than this

val ue, the nurderoptimtif affllecbifoiscline Wi RiHe tdiods ghécedogduiesonspl ate
is increased and the |oss 5 is increased, and it is inpossible to secure
a sufficiel@ to 40 degrees and S50 to 85 degrees. Particularly speaking,
since the distribution of the angle of the emitting light
from the light conductor plate is not important in the
case of employing the light condensing plate and the
diffusion plate, the optimum angle of incline of the cross
15 section is 15 to 40 degrees (preferably 18 to 35 degrees)
at which the brightness of the front surface becomes great.
Further, in the case of not employing the light condensing
plate, the optimum angle of incline of the cross section
is equal to or more than 50 degrees at which the
20 distribution of the angle of the emitting light becomes
small. Further, when setting it to be equal to or more
than 85 degrees, a formation becomes hard and it is not
preferable.
Fig. 24 is a view which shows a relation between
25 the angle of incline of the dot of the small recess portion
in the light conductor plate in Fig. 21(B) and the
distribution of the angles of the emitting lights from

the light conductor plate. Fig. 25 is a view which shows



inclined surface of the small recess portion even when I ncreasing the
dot density to a maximum | evel . In the enbodi nent nentioned
above (Fig. 21(A)), an optimum angl e of incline of the cross section
is 15 10 to 40 degrees and 50 to 85 degrees. Particularly speaking,
since the distribution of the angle of th&7emtting Iight fromthe

| i ght conductor plate is not inportant in the case of enploying the

| i ght conden3|ﬂgrsﬂaﬁéoan@ﬂﬂW?en thejidngbe onf piacdinehe fophiemancswyl e of
incline of the cross section is 15 to 40 degrees (preferably 18 to 35
degr ees) §FCMPBhaﬂ¢e e dmtiEsnegs to thenfrenkf susfpecodss theeat .
Further, in the case of _not, enpl.oying the, |i ht condensi ng pl.ate, the

opti mum angl e 6 FSPn€F|P&%ﬂiqﬂu¥4ﬁ(ﬁ$§§%§%?%hp ate'|§h§q§&Fsﬁoléﬂhﬁbre t han

50 d at mh h the dISt on of th of. the emttin
L aht “hecomas ConidgriRg Blard Hid id Cedon fﬁﬂgocaedsaaapgte or e

f d d f bl e.
Fo 24 19 8 vPBAthR AROBToRS n?wc'ﬁeoaa.a% HE bR eRib55 2R -anBRe of nel i ne
of t he dot ofdﬁpﬁsﬁgghgn ecgeas§$£tb@n he smaﬂth%c F%h%o%%nd ct.or plate in

Fig. 21(B) an stri i'on o the angl es o lﬁg Ilghts
from the by aadiGbotaRalifa: ek afid1lcSoR MEVE M1 GH (HPWR oss

27 a relation between the angle ne of e Cross ction
and the brightggssish S.Qelf)r é%réé‘éf@feléélst hena 8 un?%?i‘? t¥He RladQ w he

diffusion plate, the first condensing pllate and the second |i ght
condensing plaie is 20 degrees or more. Further, the dot density is

10 optimized and measured so that the whole of the light
conductor plate is uniformly lightened. Further, as
shown in Fig. 20, the reflecting plate 4 is provided on
the lower surface and the side surface of the light
conductor plate.

15 Fig. 24 will be in detail described below. 1In
the angle of incline of the cross sectionof 5 to 25 degrees,
the emitting angle for the maximum strength of the emitting
light is increased together with an increase of the angle
of incline of the cross section, and the strength of the

20 emitting light at that time is increased. When setting
the angle of incline of the cross section to 25 to 50
degrees, the emitting angle is further increased together
with an increase of the angle of incline of the cross
section, however, the strength of the emitting light is

25 reduced. Then, in the angle of incline of the cross
section of 50 degrees or more, there is no apparent peak
in the distribution of the angle of the emitting light.

This is because in the case that the angle of



5 on the light conductor plate in Fig. 21(B). In measurenent, a depth
of the small recess portion is set to 3 [errlmin the case that the
angl e of incline of the cross section is 10 degrees or |less, and 8
[err]min the case that it is 20 degrees or nore. Further, the dot
density is 10 optimzed and neasured so28hat the whole of the |ight
conductor plate is uniformy lightened. Further, as shown in Fig. 20,
the refl ectingipFaiaesoifsthpeogrdes saction fheetroadrtswy dossarthdah@5Si de
surface of the_light conductor plate. 15 Fig. 24 wll be in
detai | descri b8§9b&RSw. the light t¢endugteroplahel Wareghidee ldrgdds dsection
of 5 to 25 degrees, the emtting angle for_the maxi num strength of the
emtting FEGHeCted Wik el ¢ wEPNWSLIR1AAT| Kor §8se tottalhe angl e

of incline of the_cross section, and the strength of the 20 _emtting
light at that EPheSCEioRcsdd thpagreatiingldent apglgngng dhs ncline of
the cross section.to, 25 to 30 . degrees,  the em_tting angle is further

i ncreased t gefﬁg}eCtlv PR F ﬁ’d'rgghg’ ePiit e 5ﬁ§|1§‘:6‘%q ﬂglt’r%sﬁ‘fa]tlhe
Cross sect.l hg er, the strength of the enmtting,light, is 25
feduced.  ThnrSCASERECHIGIOR G Tl Ther BrLeRRr cPosbhat the dhisiing oo
degrees or nor e [1Ss ak I.n t.he di,stribution of the
angl e of the e%n???néglv%%h@? twg%%%}lg%% Ofﬁﬁ]?es elnél%telc%slé g{hnt & 0%Se t hat

the angle of paximumis increased toget ith an ifdrease of'Che 3 Ale the
cross section is equal to or less t %n Egrw 8eglrees? the 11 g%t g?)r?ductor

FL?;F wavegui dgfl i8b11h8 of thé&t&sd sbindeh, akPndid I HJUHN At kd Ne
10 emitting light from the light emitting surface is
increased. On the contrary, in the case that the angle
of incline of the cross section is equal to or more than
25 degrees, when the 1light conductor plate waveguide light
is reflected on the small recess portion inclined surface,
15 the incident angle is reduced together with an increase
of the angle of incline of the cross section, and the
reflective index on the inclined surface of the small
recess portion is reduced. Accordingly, the emitting
angle at which the strength of the emitting light becomes
20 maximum is increased together with the increase of the
angle of incline of the cross section, however, the
strength of the emitting light at that time is reduced.
Further, in the angle of incline of the cross section of
50 degrees ormore, thereflective index is greatly lowered,
25 the dot inclined surface transmitting light is mainly
contained and the confused light on the reflecting plate

becomes great, so that there is no apparent peak in the

distribution of the angle. The position of the peak in



reflection due to the great incident angle and the 5 reflective index is

hi'gh when it is reflected on the small recess portion inclined
surface, so that the emtting angle at which the strength of the
emtting |ight becones maxi mumis increased together with an increase
of the angle of incline of the cros2%ection, and the strength of the
10 emtting light fromthe light emtting surface is I ncreased. On
the contrary, ¥#i$heaggsést Rafigrendndizom 30 dégreesi be Pigt h@1ldRdss
section is equal to or nore than 25 degrees, when the |ight conductor

pl ate wavegui deef®ghe the angle off drcddnenct Hhre walds s eessd opoberones

inclined surface, 15 tEg i nci dent angle is reduced together with an

i ncrease PP RRRLAGL Yo PR e dihe arepikde ctighh, wakhinhshe
recess portion

fl [ [ he i [ i f f ||
refl ective index gn thealpetined surfacs ol thee srally rerafisss port o
h ' [ ligh 0 ' ' ' t t it h
the em 119 | ADLeBS OS2 cIFHLEUR fad PELERERRL! pOgct M L8 e
sLrenoth of (e AL UL O0ke A AL, hd S04 ponauce B HlBLe |1

t he angl e of | T r 0SS Sect1o degr t he

flecti I nd | : t ' ' Surf
ranem 1 ng | TyAs e aar s RE e 1 e dRARd RIS PR3 (he

reflecting pl g h'Q?&F%Pé'r , t hat rse. ARpage K in
t he di st%ihgutai1 c?n lo t he é%giegg 'SI' gepéc:gittrlﬁ%glo Ht'tsﬁg(&peak i%n%rﬂga
29 this caseal ehilbkf Ge@gt hape30 degrees in Fig. 21(A) because

the angle of incline of the cross Section becones
10 Further, the brightness of the front surface becomes peak

when the angle of incline of the cross section is 15 to
20 degrees. Here, the position of the peak is different
from 25 degrees in Fig. 21(A) because the angle of incline
of the cross section becomes substantially great and the
15 waveguide light within the light conductor plate repeats
the total reflection, whereby the angle formed between
the light conductor plate and the waveguide light within
the light conductor plate is increased since the light
conductor plate is not flat and a thickness in the side
20 of the light source is formed in a thick wedge shape.
In the embodiment mentioned above (Fig. 21(B)),
an optimum angle of incline of the cross section is 10
to 25 degrees and 50 to 85 degrees. Particularly speaking,
since the distribution of the angle of the emitting light
25 from the light conductor plate is not important in the
case of employing the light condensing plate and the
diffusion plate, the optimum angle of incline of the cross

section is 10 to 25 degrees at which the brightness of



substantially great and the waveguide light wthin the | i ght conduct or
pl'ate repeats the total reflection, 5 whereby the angle forned between
the light conductor plate and the waveguide light within the |ight
conductor plate is increased since the light conductor plate is not

f I at and a thickness in the side of 3%he |ight source is forned in
a thick wedge shape. 10 Further, the brightness of the front surface
becomes peak the fhent tswr fage dadfonesldneatofl Fluertdesss izetheorase off5 to
20 degrees. Here, the _position of the peak is different from 25
degrees in Fi gno2lemplovdag chehel ohft ecomdengingeplate, ot hehe@pdrigysn
section becones substantially great and the 15, waveguide_light within the
| i ght conduct oPngiLgt efripehide of the,erossasecsfoaciFopduaheier M9 eangl e
formed between the |ight conductaqr plate, and,the wavegui de |ight

wi t hin t hERRPGRO Ss9dGaSorR Itk Sthe i EskEdPurheR Phe thiegpnale
conductor plLate_is.not f.lat, and .a.thickness in tTf si de he | i ght

X 0 f
source is fornB ?HeaerHﬁ%H&a hth frcomes sma Fu?ﬁg?ﬁeoﬂﬁ%Bdinent
ti d ab Q.. 2 ti f sLngl i f th
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speaki ng, f8]\;{ﬂg‘ﬁitogﬁb@c%ﬁrf%sb‘ﬁdxod‘ Hathe :‘?‘lelxgi:o{sﬁg?ﬁé:%@ltet.' ng |ight

25 fromthe lig conductor plate’is not 1ThAportan case of
enpl oyi ng the |ight Conqﬁﬂfj@%!@EQ$Qf%Rpwﬁﬁ%h giggggiqg_ fhe
optimum angl e of incline of the crosg' sec??gﬁ is 1 Eﬁocggﬁﬁggfées at

which the brigbhBessgPd of incline of the dot of the small recess pertion the
front surface beconmes great. Further, in the case of
10 in the light conductor plate in Fig. 21(C) and the
distribution of the angles of the emitting lights from
the light conductor plate. Fig. 27 is a view which shows
a relation between the angle of incline of the cross
section and the brightness of the front surface in the
15 case of placing the diffusion plate, the first light
condensing plate and the second light condensing plate
on the light conductor plate in Fig. 21(C). In
measurement, a depth of the small recess portion is set
to 3 uym in the case that the angle of incline of the cross
20 section is 10 degrees or less, and 8 um in the case that
it is 20 degrees or more. Further, the dot density is
optimized and measured so that the whdle of the light
conductor plate is uniformly lightened. Further, as
shown in Fig. 20, the reflecting plate 4 is provided on
25 the lower surface and the side surface of the light
conductor plate.

Fig. 26 will be in detail described below. In

the angle of incline of the cross sectionof 5 to 30 degrees,



not enploying the |light condensing plate, the optinmm angl e of incline
of the cross section is equal to or nore than 50 degrees at which the
di stribution of the angle 5 of the emtting |ight becones small. Further,
when setting it to be equal to or nore than 85 degrees, a

formation becomes hard and it is not pref¥kable. Fig. 26 is a
vi ew whi ch shows a relation between the angle of incline of the dot of
the small recetBegHititoing 2a0glienf ehéhie maxivendiateangpl afLhaepiifting ©
and the di stribution of the angles of the emtting lights from

the |ight condktgbE s dmcreaged rpgethey wivhnanchngrsase of the aggds on
between the angle, of _inclinpne of the cross , section and the brjghtness

of the front sBffiRel H’iet‘hg the crogs spchiori P4 i aistrsagh phtde the
f t light d | at d th d | ht | at
on the | Coht cORUEELOR DRERE PR EPGC 5ife) 15 pncread ﬁéagﬁﬂ'geﬁgﬁ'ﬁn%ﬁa%pte h of

of incline 8i ERE BPELS o0 iHEdinePd t%[%%é%%ezesfﬂ?ai 33t P& fmin
the. case hal agqrebl | 9p 2ol 665 L IDL g e LU NET 16 o %tgge%hte\é s

optim zed and ne Stred so th conddctor plate

s uniformy |ghhegad; el oASne ang?f@“@f'gng%gne O the Kelacting

plate 4 is provided on the Tower. suriace an e side surface of the
l'i ght CO”QHEEQBnP'ﬁB&ever, the strengthd of26nW khike ing del@d is
descri bed bel ow. the angle of incline of the cross section of 5to
30 degrees, reduced. Then, in the angle of incBilne of the cross

10 section of 50 degrees or more, there is no apparent peak
in the distribution of the angle of the emitting light.
This is because in the case that the angle of
incline of the cross section is equal to or less than 30
degrees, the light conductor plate waveguide light is
15 reflected under a condition similar to the total
reflection due to the great incident angle and the
reflective index is high when it is reflected on the small
recess portion inclined surface, so that the emitting
angle at which the strength of the emitting light becomes
20 maximumis increased together with an increase of the angle
of incline of the cross section, and the strength of the
emitting light from the light emitting surface is
increased. On the contrary, in the case that the angle
of incline of the cross section is equal to or more than
25 30 degrees, when the light conductor plate waveguide light
is reflected on the small recess portion inclined surface,
the incident angle is reduced together with an increase

of the angle of incline of the cross section, and the



the emtting angle for the maxi numstrength of the emtting light is

i ncreased together with an increase of the angle of incline of the
cross section, and the strength of the emtting light at that tine is
increased. \Wen setting 5 the angle of incline of the cross section to 30
to 50 degrees, the emtting angle is32urther increased together

with an increase of the angle of incline of the cross secti on,

however, the srefhgchiiofe timsdeomian ite | ighlined surfmeguodd.thfhamalih t he
angle of incline of the cross 10 section of 50 degrees or nore, there is
no apparent peikcess portilesn distrediueedn dFcerrdingle. obhehemafitifigng
l'ight. This is because in_the case that the angle of

incline of the2Bgd&satefhidh the s4ranatd of teeeniahing L1ght hegomes the
| i ght conductor plate waveguide light is 15 reflecged,under a candi,tion
sinilar to thePRASLHum 18 &@qe&ﬁ?%nt%%t?%rt‘ﬁ%tﬁr‘é g LRErgase &gl %nd

t he re Iectige i ndex i.s. hi gh en it is refLectedhpn t he sg&%%

recess portPonPALE R&d WFFRS, 05 atrPRe BRFFELPRy ROWeV&iyl whi ch
the strength of _th 1 ttdng |ight  heconmes, .20 i_num.i s i.ncr e
together with ﬁﬁrleﬁgr% a?g 5?1etﬁ 1%%91%; ﬁghtofaqn%?’lai@ngl&e tlﬁer%?%s%d'
section, and {Bg,$Heen04h Chel Bigre orofhiiing bt difle IR Radd Gl of

emtting surface ncreas e contrary, in the case at the

angl e of 'sacdé[&ee@é o&J}SoféP%%esféfiQEtﬁeﬁ%@éx e HedPIf160aRe2S 30
g n pl de |1 ght

degrees, when the ht conduct or at e wavegui de s reflected
on the small rea@SAROMHAN ! duieeh S&Ir £ A8Rsmittinkheilght dentmainalye i S

reduced together with an increase of the angle of incline of the cross
section, and thentained and the light 23 reflected on the reflecting
plate becomes great, so that there is no apparent peak
in the distribution of the angle. Further, the brightness
of the front surface becomes peak when the angle of incline
of the cross section is 25 to 30 degrees.
15 In the embodiment mentioned above (Fig. 21(C})),
an optimum angle of incline of the cross section is 18
to 43 degrees and 50 to 85 degrees. Particularly speaking,
since the distribution of the angle of the emitting light
from the light conductor plate is not important in the
20 case of employing the light condensing plate and the
diffusion plate, the optimum angle of incline of the cross
section is 18 to 43 degrees (preferably 25 to 35 degrees)
at which the brightness of the front surface becomes great.
Further, in the case of not employing the light condensing
25 plate, the optimum angle of incline of the cross section
is equal to or more than 50 degrees at which the
distribution of the angle of the emitting light becomes

small. Further, when setting it to be equal to or more



32 reflective index on the inclined surface of the small recess
portion is reduced. Accordingly, the emtting angl e at which the
strength of the emtting |ight becones maxi mum i s i ncreased together
wiith the increase of the 5 angle of incline of the cross section,

however, the strength of the emtting3light at that tine is reduced.
Further, in the angle of incline of the cross section of 50 degrees or
nore, the refltbahv85i ddgxeies gredbirmatdwer écomes Haved dotd iinclimambt
surface transmtting light is mainly 10 contained and the |ight 23

refl ected on thetefetrhbdsi.ng pl ate becones great, so that there is no
appar ent peak in the distribution of the angle. Further, the brightness
of the front surface becd¥Bensdsneshahoviee trgloptdmumanpae of ingtlime
Cross section |% g to 30 degrees. 15 I n_the enmbodi ment

nent i oned abov8 (E 6 C?ﬂﬁ%)se°t1°neﬂﬁ¥$@$nﬁﬂ1ﬁﬁ§P§déﬂcﬁnMHQQthethe Ccross

i i d 50 85 d
Par ti cul ar | JopSaAFRGESS anehi e SAPS) of Bt L SAPG! CPRGUEHEFe B tehe h
itti | i ght f duct | te | t t ant t
20 ca'SQQOf'Einsv.exsrLﬁ%‘s mﬁuggeﬁgrﬁéu‘é{a fiferangon. Hejoetiaun
| at th t f..t . ti 18 to 43
e ' (or oot Y08 S ) IR ShESRem i 260 el
front surface psceyEs1aray eaklrl:d'”tﬂ?rth%e $s §258mB L LTROYI NG the

l'ight condensing 25 plate, the t1'mim a i Al Tn 0SS

section ' élﬁﬂﬁ@'loh%@ét@éﬁd?@f‘%l@@ lqed}{te%%rﬁeﬁ’gl@ ptl'?ﬁ:e, 51nce
distribution of the angle of the emtting I1ght becones
Further, when skRétdigkiibi©ide OB 4WgDESBN €he emitting llghts from
the light conductor plate is not important, the optimum
angle of incline of the cross section is 7 to 43 degrees
(preferably 10 to 40 degrees) at which the brightness of
the front surface becomes great. Further, in the case of
15 not employing the light condensing plate, the optimum
angle of incline of the cross section is equal to or more
than 50 degrees at which the distribution of the angles
of the emitting lights becomes small. Further, since the
formation becomes hard when setting it to 85 degrees or
20 more, it is not preferable.

Next, a descriptioﬁ will be given of wvarious
kinds of shapes of the small recess portion of the light
conductor plate in accordance with the present invention
more particularly.

25 Fig. 19 is a view which shows a shape of a dot
(a small recess portion) in accordance with a first

embodiment. In this embodiment, a shape of a flat surface

of the dot is formed in a substantially rectangular shape.



33 than 85 degrees, a formation becones hard and it is not

preferable. As nmentioned above, the optinmm angle of incline

of the cross section varies in accordance with the 5 thickness and the

shape of the |ight conductor plate, however, as a result of various

consi deration, the optinum angl e of 34cline of the cross sectionis 7

to 85 degrees. Particularly speaking, in the case of enploying the

di ffusi on pl atEnahlgisrcase, | ightheopriesshbngepbati¢meaitncén aAdtikdon to

di stribution of the angles of the emtting lights from the |ight
conduct or pl at €he Sukstanporl nrecthagptamshape, a aaghdacfsquatén@)of the
cross section is 7 to 43 degrees (preferably 10 to 40 degrees) at

whi ch the bri ght®eseubar shape he€ ) r ensubsritiaadd aldgores cprleat shiagre HEY, in
the case of 15 not enploying the |ight condensing plate, the optinum
angl e of incli k@ SireRMEDERGSe &by mart 1% defeaming arciwele) , a refadaso

degrees at i ch_the distribution of the angles of the emtting |ights
becones smaP| .PRLYFRBAL ShARE (%b a trﬁRﬁ?ﬁ&@%&l%hﬂﬁﬁhﬁ?“héﬁﬁiﬁhéhaQGttlng
it to 85 degres ot 0, nor e, is not preferable. a
description wi? t?)énﬁévgﬁ 89“‘5’&1“116‘195 thert (G nhyn sh%p%égofzf;héaﬁ’rélel

recess portion_ of .th uctortgg ?ar s%pcor ance th t he

present i nvent 18R Eﬁh?é%%??ﬁﬁ?? ?g ¥1§e¢ apeF s TQ rEtdeyi ew

with a first Int enbo

of the dot is éf)rﬁfﬁg fPoﬁtsﬁﬁi*tf%'&te',a'a'ﬂéi rseﬁ?i@é‘giﬂaihéhé‘{?ﬁers, the

10 confusion component is great, they are effective in
preventing the shadow from generating from the light
inputting surface. That is, it is possible to make the
size of the dot in the shadow generating portion from the
light inputting surface of the 1light conductor plate small

15 and achieve the confusion effect so as to delete the
shadow.

Fig. 29(C) explains a cross sectional shape of
the small recess portion in accordance with the present
invention except Figs. 7 to 16. Fig. 29(A) shows an

20 example in which the cross sectional shape of the small
recess portion is trapezoidal. Fig. 29(B) shows one in
which the cross sectional shape of the small recess portion
is substantially trapezoidal and an edge thereof is formed
in a smooth R shape. This shape is effective in the case

25 of taking into consideration dispersion of a
manufacturing condition for actually forming the light
conductor plate. Further, since the edge is formed in the

smooth R shape, the confusion is hard to be generated and



34 In this case, in the present enbodinent, in addition to t he
substantially rectangul ar shape, a regular square (B), a circul ar
shape (C), a substantially circular shape (D) (a shape obtai ned by
partly deformng a circle), a regular 5 pol ygonal shape (E), a

t rapezoi dal shape (F) and a shape obimi ned by conbining them (G shown
in Fig. 28 can be used. The substantially rectangul ar shape has a
little cortesshieahdran baiiokdidindd £ ompmpriong nchehler bghthessss.  of
the front surface, and since in the others, the 10 confusion conponent is
great, they arBl@ffettfieShows an gxanmple iim whichs fhgorrpssnsgetaragilng
fromthe |ight igpuhtig% rface. That is, it is possible to make the
size of the doth#RetAE Sh&d %;iuﬁ%ﬁ§§ﬁyqﬁﬁ§¥%& % oRfYRBetricalj gpnd
inputting surface of the Light conductor plate small 15 and achi eve the
conf usi on effe%?ggﬁsagnt%éﬁg?gFgetﬂ increagifg,2 density 3t & £-29(0
explains a gross secti onal ape -of the smal | recess portion. in

accor dance %/l tfnntﬁélirceasse%‘t s eq%ﬁ/gﬁﬂ“(?ﬁ é?cgﬁ? ‘75?%%&1% tsg.‘aft? SEPY™ 29( A)
shows an .20 exanple i lch_the,.c ct.iopal of _the snall
recess portionl?gP%?ap %ﬁgﬁaf? &?5.ig%?é%%skgmggoﬁégiﬁgd to ﬁﬁﬁc R¢€ cross

sect| onal shapecoL;bhersEEL S 893001 da1 | SnHBS! B Bl pe

trapezoi dal and an e or e shape.  This

zpage S ﬁ;Lec£§¥§1g3 EBetgéﬁ%tﬁ%i(Hhé§¥§”9 into consideration dispersion
ufacturrng condition for actually forming the |ight
conductor plate. Furthemne Needelerd¢ds drSwi21Bd §iveAeof a depth of
10 the small recess portion of the light conductor plate in
accordance with the present invention more particularly.
Fig. 30 is a view which shows a relation between
a dot depth and a brightness of the front surface in the
case of placing the diffusion plate, the first light
15 condensing plate and the second light condensing plate
on the light conductor plate in Fig. 21(A). In the
measurement, as shown in Fig. 19, a measurement is
performed by fixing the size of the dot bottom surface
26 to about 0.2 x 0.04 mm and the angle of incline of the
20 <cross section to 30 degrees and optimizing the dot density
so that the whole of the light conductor plate is uniformly
lighted up. Further, as shown in Fig. 20, the reflecting
plate 4 is placed on the lower surface of the light
conductor plate and the side surface of the l1ight conductor
25 plate.
In accordance with Fig. 30, it is desirable that
the depth of the small recess portion is set to be equal

to or more than 2 um {(preferably 5 um or more) in order



snmooth R shape, the confusion is hard to be generated and

35 the effect can be obtained for inproving the brightness. Fig.
29(C) shows an exanple in which the cross sectional shape of the snall
recess portion is asymetrical, and it has an advantage of increasing
a density of the dot. 51n this case, the edge fornmed in the snooth R
shape shown in Fig. 29(B) is not limted to be applied to the cross

sectional shape° & fikel entale Peirdairmsagat lentiernw fhehe waveppided ightt he
10 the el | r6EEBinGERe | bOBY GORARFGRE RLABRCt GTRPITRASTM 15 thakdst dance
Vi ew whi ch ShohBeaChREPatPaR BERWET AePUh Hote@t haner alBPPORTABSS of
st Tight  IBRCohBoRS: RETE S0 S iRPREib AT ebht EBnaBRE: g WA o
L AT ol e
of the 20 cr ojélgggggfllg %&3%@@6%%%%%@%#090 gp?‘?%ﬁ‘%‘gvgﬁgedot %gggg‘ﬁr y

so that the vmésﬁeéet PRk ¢hk B t%ggegfeg Ayl esxhélfné£8§g%gpﬁrtiohi glit ed

up. Further, as shown in Fig. 2 | ecting p I'S pl aced on

the lover surfagg, ehdWavbidhbie 1igh€98MIH Oy RLRFe MRah 8K i¥ 46 SEd ace of
the light conductor 25 plate. In accordance wth Fig. 30,
it is desirablgndihfhe same phenomenon occurs in the case of simply
10 forming the light conductor plate in a rough surface.
Further, an upper limit of the depth of the small
recess portion is desirable to be equal to or less than
100 um (preferably 40 um or less). Because in the case
that the depth of the small recess portion is greater than
15 this, the brightness of the front surface does not appear,
but the size of the dot is increased so as to cause a dot
visibility.
Next, a description will be given of a size of
the small recess portion of the light conductor plate in
20 accordance with the present invention more particularly.
The size of the small recess portion is desirably set such
that the area thereof is equal to or more than 0.000025
square mm (preferably 0.0001 sguare mm or more). The
reason is that in the case that the dot area is equal to
25 or less than 0.000025 square mm, the waveguide light is
easily confused and diffracted and the same phenomenon
occurs in the case of simply forming the light conductor

plate in a rough surface.



the depth of the small recess portion is set to be equal to or nore
than 2 [err]m (preferably 5 [err]mor nore) in order

36 to efficiently performa reflection of the wavegui de |ight

within the |light conductor plate. The reason is that in t he case that
t ie dot depth is equal to or less than 2 37 [err]m it is hard to
sufficiently secure the area of the 5 inclined surface 19 of the small
recess portion even wherFurther pciradiengatsiee ttett thasshypeoofi tiexifhah

val ue. Further, because when the height of the small recess portion is
| ow, the wavegsutéareghf the desiilsyf comed deda sudditarytHia ey rectangvd athe
same phenonmenon occurs in the_case of sinply 10, 6 form ng the |ight
conduct or pl at 8hpRea poafRr$ulineethereof is desiraljg & Peaedwsdertd imit
of the depth of the small recess portion is desirable to_be equal to
or less than ©r mapg tharny Baympr efBHehiy ROCrEER) R She ease of BogaIW i n

t he case that the depth_ of the smal| recess portion,is greater than
15 this, the BE?gﬁPﬁB?s odf Wite fhntS et 2GR e oEgengf’taﬂBe e but the

size of the dot js.increased so as t causlgaa?dotlt iF’ visibilit
¢ h

Next, a descriprP8Hafi Irlla FSEP R P51 2 Qegﬁﬁlslarlyeztéoss
POrLon O e EaRL sEORANCLOCoPLELSd By 2By, AOCEFARINRINILe e iRRET
OEShrane) *C! Hichequce, HIECHIRI60. {IBIENT 4 ARe @ o
S SSonab i -BEHERERSE SlafSRAnti o kherael L, of S ther
10 portion between the inclined surface of the dot and the
other portions, so that a rate of the portion where the
confusion is generated occupied in the dot is increased
in comparison with the inclined surface of the dot when
the short line of the dot is small, whereby the confusion
15 becomes large. That is, in the case that the shape of the
flat surface of the dot is formed in the substantially
rectangular shape, it is preferable that the dot is greater
within the range where the dot visibility is not generated.
Further, in a manufacturing method mentioned below, in
20 order to employ an inexpensive film mask for a mask and
a large-sized sealed type full exposing machine when
exposing a resist, the short line is desirable to be equal
to or more than 30 um.
Further, when the dot is too large, the dot
25 wvisibility is caused. Fig. 31 is a view which shows a
result of searching a relation between the size of the

dot and the dot visibility. As a result of considering

various kinds of conditions, in the case that the dot shape



easily confused and diffracted and the sane phenonenon occurs in the

case of sinply formng the |ight conductor plate in a rough surface.
37 Further, in the case that the shape of the flat

surface of the dot is fornmed in a substantially rectangul ar shape, a
short line thereof is desirable to be equd to or nore than 30 [err]m

This is because in the case of formng 5 the shape of the flat surface of
the dot in theis formefsinnai airgulacrt ahgpkar ashegalart shsarecesshtpe o
increase the size of the dot at a certain degree in order to reduce
the confusion. lTkfs Witbetakdaga iodier inmiderationgeattingdthe ddoddge
portion of the dot, that is, a joint 10 portion between the inclined
surface of theC@Rfeafdngnh@late tg ate ghesbnstheoarnat thergod 4 the
portion where confgfion IS ggnerated occupied in the dot is

he,

i ncreased é?glEGPﬁSrF§o eniggital qrRﬂi*ﬁﬁﬁsE??%c@-gfSHHérGBFthen

h h | f th ' [ 1, wh by, th fusi 15
Large That ' BrehOFRBTY.A 08 RR4TA RE SRR SRSk he 11 LhePaFeSIAREEe t he
d is f dj h L al . | h it i f bl
ot 1 (910 40 bUe SRS LT e or 6L SO0 USRS L L seter ol o
not generated'shzru e,FEhEhghorkqfid%”ﬁﬂé¥§&gf#ﬁ’&@Ef? f@néboﬂgdegﬁgTM 'n
20 order to enploy’'an I nexpensive film mask Tor a Nask an

e, o £ e oL ARl M0y (RS TLGD pnegEosiey3 o o
Further, when gphetHet,i$ Ad20id ¥d¥ed@HOLhort line and the long line
10 1is desired to be equal to or less than 80 (preferably 20
or less). In the case of being equal to or more than these
values, there is a possibility of generating the dot
visibility.
Since the light strength from the light source
15 1is generally lowered as it is apart from the light source
within the light conductor plate, the density, the height
or the size of the small recess portion is changed in
accordance therewith, and the structure is made such that
the distribution of the strengths of the small projecting
20 portion reflecting light, that is, the brightness becomes
uniformall around the whole surface of the 1ight conductor
plate. 1In thepresent invention, in the case of the simple
light source, it is preferable to form so that that the
density of the small projecting portion increase in a
25 manner of an exponential function or a power series from

the end surface in the side of the light source toward

the opposing end surface of the light conductor plate.



25 wvisibility is caused. Fig. 31 is a view which shows a result of

searching a relation between the size of the dot and the dot
visibility. As a result of considering various kinds of conditions, in
the case that the dot shape 38

Is formed in a circular shape, a regul ar 3guare and the like, with
taking into consideration setting the |ight condensing plate to one
sheet, the arecHowbeerof tiaking tliestefibdetion bef eghal 16gher onethe ayd 0. 2
square mm 5 (preferably 0.05 square mmor less). |In the case that the
shape of the dsurfsctorirdde hight coumdtanor gdlate eppasdugato the likdype, the
short line thereof is desirable to be equal to or less than 200 [err]m

(preferably 108°REFE] #ide | theye are many tdrges dhatt ithehamidarmity sifor t
line and the long line 10 is desired to be equal to or less than 80
(preferably 20the brightaess can tiee advevrd tey ngedyoingt sher depwsd tohan
t hese gal ues, there is aﬁg&ssi bility of genperating_the dot

&

visibility.2 @S moving neag ISWYhEaee r ehiyt KR e Bfi RREDL] Gkt t6ur ce
15 is generally lowered as it is apart_fromghe |ight source W t hin
the |ight cond%%?%lﬁlga?@,% tsﬁgfé’é:rfgﬁ 3f e #eg}%tg‘mducﬁPrt Rdati€ze of the
smal | recess pﬂéﬁl:%ni 3 S %r‘],%ed I n accordance therewith, and the
structure i s nade sach-tARACYS"  the distribution of the strengths of the
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10 invention with reference to Fig. 32.

Fig. 32(A) is an embodiment of a simple light
source and a wedge-shaped light conductor plate. It is
characterized by employing a light conductor plate in
which a thickness of the light conductor plate is reduced

15 in inverse proportion to a distance from the light source,
and is effective in making the distribution of the
strengths of the light conductor plate emitting light,
reducing the thickness of the light conductor plate and
lightening.

20 Fig. 32(B) is an embodiment which employs a
single light source and gives an incline to the end surface
of the 1light conductor plate opposite to the 1light source,
and is characterized by changing an angle of the waveguide
light which is not emitted from the light emitting surface

25 and reaches the end surface of the light conductor plate
opposite to the light source among the waveguide lights

so as to make it easy to emit the waveguide light.

Accordingly, it is easy to uniform the distribution of



density of the small projecting portion increase in a 25 manner of an
exponential function or a power series from the end surface in the
side of the |ight source toward t he opposing end surface of the |ight
conductor plate. 39 However,
taking the reflection of the |ight on thet@®nd surface of the |ight
conductor plate opposing to the |ight source side, there are many
cases that thetheisfttgrengttheobf the liilghtbebghitntss phat et imedibht,
reducing the density 5 as noving near the end surface, in the adjacent of
t he oppos?hg thdisuppssddlef tche dduge a:ohdsmhtolopsate ment i oned
above. Next, a description wll be given of a structure

of a back I|ight appar at B g é@d@r)daﬁée(@ﬂt%@ﬁearpre@mlm% iimywhticbn wit h
reference to Fi 32(A) is an enbodi ment of a

sinpl e |ight e & %%@lrsdér%ﬁ%eam@\ééﬁ 5 Fangat e pdetodmprtieesife s

characterized b ng a li onductor plate in whi ch a
t hi ckness © %t&ﬁr%#ﬁ‘gbﬁrﬁﬂ}b‘f% 15 teEmed ingrecrsashane pRder §€n"ex

I d
ok no the of sHBE PBnasr EBhamite & aitrtias arsRont Ssgﬁd i lepl ate
k f uct ate
S0 | St cpayocEOBTARY YRR LA IERT  Lhe 14 G caantie Bhe
enpl oys a céﬁegmkhgh&héoaiger@ﬂqt@ e3 faehﬁnghgﬁ'ss%ft @ﬁeewgﬁwface

of the Iight conductor ate opposite to t
emitted from the light emitting surface.

10 Fig. 32 (E) shows an embodiment which is of a type
having two light sources and employs a flat plate for the
light conductor plate.

Fig. 32(F) shows an embodiment which is of a type
having two light sources and changes a thickness of a 1light

15 conductor plate for compensating unevenness of the
brightness due to the distance from the 1light source. The
structure of the back light apparatus mentioned above is
not limited to the illustrated one, and can be made by
combining them.

20 Next, a description will be given of a second
embodiment in accordance with the present invention with
reference to the accompanying drawings.

Fig. 33 is a perspective view of a back light
apparatus in accordance with the present invention, Fig.

25 34 is a perspective view which shows a dot (a small
projecting portion) in accordance with the present

embodiment, and Fig. 35 is a view which explains a shape



and is characterized by changing an angle of the wavegui de | i ght which
is not enmitted fromthe light emtting surface 25 and reaches the end
surface of the light conductor plate opposite to the light source
anong the wavegui de |ights so as to make it easy to emt the wavegui de
l'i ght. Accordingly, it is easy to umMd¥ormthe distribution of
40 the strengths of the light conductor plate emtting |ight, and
it is possibl eef® dtud® smalghpriogesting portion) in Begerdd2(c® wird (D)
show an enbodi nent in which . the end surface of the |ight conductor
plate in the stlae prgsgntt gablodgmentource is formed in a recess shape and a
convex shape so as to adjust an expanding angle of the |ight
conduct or pl ate inci dentThe gfck Hight apmangtus figs a ligddnsosindaend  t he
di stribution of ihe angles of the |ight emtted fromthe |ight
emitting surfalell9hf Conductor glatesR mndpwkehheehhoBi REALOWEH &F i s of
a type havi n wo | ight, sources and enploys_a flat 8I te for, _the

e

t .
li ght condudt o‘P“b?laP’é. condtituting elgnents, @Mnd g ok oMt whi ch

' f . hayi L ight, d hi ck f
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[justrated ongne339:Can PAsTRA1NY arrandBl i AgaglEM 20
, ption w e given-of a secon enbodi nent in accordance
with the present inventimy W3lhshows a locus of a 1light beam of a light
10 conductor plate waveguide light 14 which moves forward
within the light conductor plate in accordance with the
present invention. In Fig. 36, the emitting light from
the light source 1 is input to the light conductor plate
2 at an end surface 15 of the light conductor plate in
15 the side of the light source, as a light conductor plate
incident light 16, becomes the light conductor plate
waveguide light 14, and moves forward toward the other
end surfacewhile repeating a total reflection on the light
conductor plate lower surface 18 and a light conductor
20 plate light emitting surface 12. A part of the light beam
input to a inclined surface 27 of the small projecting
portion among the waveguide lights is reflected and
brought into contact with a light emitting surface 12 of
the light conductor plate, is refracted there so as to
25 Dbe emitted from the light emitting surface, and is emitted
as an emitting light beam 21. Then, the light beams which
are not reflected become a dot inclined surface

transmitting light beam 22 so as to be reflected 23 on



reference to the acconpanyi ng draw ngs. Fig. 33 is a
perspective view of a back |ight apparatus in accordance wth the
present invention, Fig. 25 34 is a perspective view which shows a dot (a
smal | projecting portion) in accordance with the present

embodi ment, and Fig. 35 is a view which &®l ains a shape

41 of a dot (a small projecting portion) in accordance with t he
present enbodi Waftreflecting platerhanfcks | againapprrht 49 Khe 4 iightht
source 1, a Iight conductorﬁg{ate 2 and a reflection plate 4 as 5

mi ni mum const i FAPRAHGEKeRtAFS, 2 aitPd ayBaTE thesral) is emitfed dnqmghe
Poaht Ceanduct or LRk et b i tFSdE g Bhg Fepaipgel it e e Abnigoaa.
nggaglor pIat%i385eﬁﬁgégbFgghﬁQ%E%M§F%%%ﬁ§§P;lgghkngAg%%gh%%pﬁﬁhi?ﬂé 0
Fl o a6 the crPERRIY PrRAREiRY tRe i1y Brgd eotlrB BB ¥ ast D
i ght Cond“Ct9§ﬂBL§£§e £o ?%gﬁpﬁggyeQﬁi%uEB%C%a%@g%gﬁkh3&%&%@%:%8“@9%%0r

plate in 15 e srde o ( source, as a [l C tor pla
i nei dent. || gty 46y DEGAAES ¢ LBeoh L@l £60BAUELOT 5 BhE! Ehe 1iHakeBYlde i oht
14, and noves forward toward the other end surface while repeating a

total reflecti &ﬂsgma&hélbhgz'ﬁ_tt. FuréfRIUCHRY gl pWesnersiaghgl8nand a
| i ght conduct or 0O plate light emtting Surface 1Z. Apart of the |ight
beam | NpU&ngRedofNghicNethes Wi acrbs Disddeionpl Lt PLg) pobsiBle to
10 control the distribution of the angle of the emitting light
from the light conductor plate.

Fig. 37 is a view which shows a relation between
the angle of incline of the dot of the small projecting
portion and the distribution of the angles of the emitting

15 1lights from the light conductor plate. In this case, the
outer shape of the light conductor plate is the same as
that shown in Fig. 21 (A), and the emitting angle in a graph
corresponds to an emitting angle 25 illustrated in Fig.
21. Fig. 38 is a view which shows a relation between the

20 angle of incline of the cross section and the brightness
of the front surface in the case of placing the diffusion
plate, the first light condensing plate and the second
light condensing plate on the light conductor plate
mentioned above. In measurement, a depth of the small

25 recess portion is set to 3 um in the case that the angle
of incline of the cross section is 10 degrees or less,
and 8 um in the case that it is 20 degrees or more. Further,

the dot density is optimized and measured so that the whole



portion anong the waveguide lights is reflected and brought into

contact with a light emtting surface 12 of the light conductor plate,
is refracted there so as to 25 be emtted fromthe light emtting
surface, and is emtted as an emtting light beam 21. Then, the |ight
beans which are not reflected becone 43dot inclined surface
transmtting light beam 22 so as to be reflected 23 on

42 t he refpfethendiphdt sorahtticr gybatei hpuaniforhndyl ildightened.
conductor plate 2, and a part thereof is emtted fromthe | i ght

em tting surfabBrihart He thees e papacanes &daitrof the firstiggthodigtrhiet or

pl ate wavegui de |ight. Accordingly, by 5 suitably arranging the small
proj ecting porEh8nsefieciting plagesdi BeeProvadeduan Fhenilowere SO SGS de
light fromthe | i ght. conductor plate so,as to light the_liquid crystal
di spl ay el enentRArtPen&LdeFURtRARs 1L ot r bt ¥hhgcaprductorgpdrd ot incline

f i ;o IS, i bl 10 | h i i.buti f th
anale of 118"em i1 ng 1 G 47 Frampnihefoiiisaaidan it ke T
i g. is a view whi ws .
of gt he dot of f%gugﬁa‘?? t%?%jree& Iy O?I Eﬁepg?gfgnc%rh%u?ﬁ%rcﬁ’g?%f&ﬁ ¥ “of Lhe
| f th i Ik i s N t o sl t hi
oo S he | ETYAY | B alBorbBleS witATHIC £u B ARUHEIE Pl Hrde s N1

that shown in Fhgaudi(fhe %@4ﬂé¥%‘%ﬂt*ﬂ{@haaﬂéedﬁe ?ng@EHecfed is

corresponds to an emtting angle 25 1llustrated 1n Fig. 1. Fig. 38is

a view whi ch shoygerehe! ahbRBvBet WeBE héd€hardsmarh it i 1164 itiRe i ghlte
cross section and the brightness

10 is substantially the same. Accordingly, the optimum
angle of incline of the cross section is 7 to 85 degrees
which is the same as that of the first embodiment.
Particularly speaking, in the case of employing the
diffusion plate and/or the light condensing plate, since

15 the distribution of the angles of the emitting light from
the light condensing plate is not important, the optimum
angle of incline of the cross section is 7 to 43 degrees
at which the brightness of the front surface becomes great.
Further, in the case of not employing the light condensing

20 plate, the optimum angle of incline of the cross section
is equal to or more than 50 degrees at which the
distribution of the angles of the emitting lights becomes
small. Further, since the formation becomes hard when
setting it to be equal to or more than 85 degrees, it is

25 not preferable.

Next, a description will be given of various

kinds of shapes of the small projecting portion of the



of the front surface in the case of placing the diffusion pl ate, the
first light condensing plate and the second | i ght condensing plate on
the light conductor plate nmenti oned above. I n neasurenent, a depth of
the small 25 recess portion is set to 3 [err]min the case that the angle
of incline of the cross section is 10 degékes or |ess, and 8[err]min
the case that it is 20 degrees or nore. Further, the dot density is
optim zed and heabtr ednducttvat nleteaviol eaccordance with the present

43 of the light conductor plate is unifornmly Iightened. Furt her,
in the sane nahR¥ENG3ORhIOTES ARt ¥dularkwbodi nent the reflecting
plate 4 is provided on the |ower surface . .and the side surface of the

| i ght conductor plate. FX. 35 is a vipyswhizhaghows armvepetst andilat v t he
sane resul t gs the result_of the |jght conductor plate in Fig.

A . g
21(A) in accor¥¥hta<Rith a pRati REoepoHngdmartiomps a dight cpadugsent he
surface on i C he dot is reflected is di.ifferent, however, the
nmechani sm f%/p %ﬂ?{:?i%aFHErfiﬁﬁﬁF wih a seqomd ephadinent pé hepresent
Accordi ngly, the _opfinmum ngl e _of Ji.ncline of the crpss segtionis 7 to
85 degregsy lg‘\’/\ﬁﬁ%ﬁopé tHd gg?‘fg ﬁg‘%f’ﬁd‘f“e&t'tl’?esrl}ar%ef %ﬁ?ngi?’?
Particularly s L g, ~kn e f l,oy1 ng_ t he. . diffusion_plate
and/ or the Yig%??géﬁgeﬁgiﬁ%%pfgggﬁ %ﬁ?(ac§§§gt %F%*%?rfﬁu#?ﬁﬂegflfhg
angl es of the sdbbihfdibhi)! rlidBngulad Whdddht GONYANS A58 AL f EReDO!
| nportant, the optinmum angl e c?f i ncline of the cross section s 7 to

43 degrees  prasedhi ERbbAEmAKLNtNE SRt 1418 {6 0phe SULHRERAREGAMRS Or eat.
Further, in the case of not enploying the |ight condensing
10 rectangular shape, a regular square (B), a circular shape
(C), a substantially circular shape (D) (a shape obtained
by partly deforming a circle), a regular polygonal shape
(E), a trapezoidal shape (F) and a shape obtained by
combining them (G) shown in Fig. 17 can be used. The
15 substantially rectangular shape has a little confusion
and is suitable for improving the brightness of the front
surface, and since in the others, the confusion component
is great, they are effective in preventing the shadow from
generating from the light inputting surface. That is, it
20 is possible to make the size of the dot in the shadow
generating portion from the light inputting surface of
the light conductor plate small and achieve the confusion
effect so as to delete the shadow.
Fig. 39 explains a cross sectional shape of the
25 small projecting portion in accordance with the present
invention except Figs. 7 to 16. Fig. 39(A) shows an
example in which the cross sectional shape of the small

projecting portion is trapezoidal. Fig. 39(B) shows one



20 plate, the optinum angle of incline of the cross section I s equal

to or nore than 50 degrees at which the di stribution of the angl es of
the emtting lights becones small. Further, since the formation
becones hard when setting it to be equal to or nore than 85 degrees,
it is 25 not preferable. Next, a description will be given
of various ki nds of shapes of the small projecting portion of the

44 | i ght tonductlothe atessrsaccbonlabhahapd b ft tiee magldnprojectimeent i on
nore particularly. Fig. 35 is a view which shows a shape of
a flat supputdonfia swastaptbpdtyi tgaperdidalodind dn gligecthebreiod 5
plate in accordance with a second enbodi ment of the present I nventi on.
In this enbodi #@nformedhipeaosmphéhf Rashape. sThfacehspet he efifective
projecting portion is formed in_a . Substantially rectangular shape. In
this case, in tRethe cagecodnitakimsniintin comsideratbant dishersibs: oftially
10 rectangul ar shape, a regular square (B), a circul ar shape (0O, a
subst ant i aIg y %iW%‘h‘F FCEREHRI (EYREAt LABpEC BRI YRkLY forming dhe }w&ﬁ?m m ng

o SrCL) 2 TRt BY BRTEL MBS (B heleapene dal.gope () anc
O P R e R RS K
evort ChoCt het B e EPOLUSC AN RO BRANea for iip¥oling LAY/ bEEGnthleel Ve 11
Fig. 39(C) shows an example in which the cross sectional
10 shape of the small projecting portion is asymmetrical,
and it has an advantage of increasing a density of the
dot. 1In this case, the edge formed in the smooth R shape
shown in Fig. 39(B) is not limited to be applied to the
cross sectional shape of the trapezoidal shape, but can
15 be applied to the other shapes.
Next, a description will be given of a height
of the small projecting portion of the light conductor
plate in accordance with the present invention more
particularly. It is desirable that the height of the
20 small projecting portion is set to be equal to or more
than 2 ym (preferably 5 um or more) and equal to or less
than 100 pm (preferably 40 um or less) for the same reason
as that of the first embodiment. Further, in the present
embodiment, by setting the height of the small projecting
25 portion higher than a value 29 defined by a width of the
dot, the angle of incline of the cross section and an
expanding angle of the waveguide light within the light

conductor plate 28 as shown in Fig. 40, a portion 30 which



generating fromthe light inputting surface. That is, it 20 is possible
to make the size of the dot in the shadow generating portion fromthe
light inputting surface of the light conductor plate small and achi eve
t he confusi on effect so as to delete the shadow. Fig. 39
expl ains a cross sectional shape of the &% small projecting portion in
accordance with the present i nvention except Figs. 7 to 16. Fig. 39(A
shows an ekbeptaved ywiiuric i rams 2 seeflecninghapefatet He s |
projecting portion is trapezoidal. Fig. 39(B) shows one
45 in whi ehangedereedhatcthemel is rpedyfentiages hhk bt djisepbissgble
portion is substantially trapezoidal and an edge thereof is formed in
a snmooth R shab®.PTRVEN h&ﬁ@WQ?Qﬁﬁ%ﬁﬁﬁ\ﬁﬁe brightpasscaausefl bakitde i nto
consi deration di sper si on of a manufacturing condition for actually
formng the 1ighe enneséoﬁdfud‘?’(?r haight o rtRrdo%%nce the edge is formed
in the snmooth R sh the nfu5| n.is h d toége generated and
the effect ®an be obt ai %Efq‘ attheq‘ulf he dot,ragsize Q)

t he crossectlonal f the s

. | 1
;?gﬁcﬁpngxggf ?on |m@3ﬁ|lm§trlmceéi 1Ng POLLAPR 4 ?\aé ﬁrég\}ﬁﬁf’ﬁgéggfa_
I ncreasing a d&?fﬁ&ifugg &Pﬁhel__bac)gg.éagg@aégég‘ggal -3 e %[ ‘ge];ﬁof;)gﬁd Ien the

snmooth R sha 88% o the
Cross secti ona(gfs@ﬁgefgg}sghgmb gg%qftdal shape, but can 15 be applied to

t he ot her shapes. Next, a description wll be given of a
hei ght of the smal lyedto] eftdeePASLION RL11NBe! GAWent YHUCH i ra
10 embodiment in accordance with the present invention with
reference to the accompanying drawings.
Fig. 41 is a perspective view of a back light
apparatus in accordance with the present invention, Fig.
42 is a perspective view which shows a dot 9 (a small recess
15 portion) in accordance with the present embodiment, and
Fig. 19 is a view which explains a shape of a dot in
accordance with the present embodiment.
The back light apparatus has a light source 1,
a light conductor plate 2 and a reflection plate 4 as
20 minimum constituting elements, and a dot is formed on a
light conductor plate lower surface 12 in the light
conductor plate. Further, the dot is basically arranged
at random.
Fig. 43 shows a locus of a light beam of a light
25 conductor plate waveguide light 14 which moves forward
within the light conductor plate in accordance with the
present invention. In Fig. 43, the emitting light from

the light source 1 is input to the light conductor plate



plate in accordance with the present invention nore particularly. It
is desirable that the height of the 20 small projecting portion is set to
be equal to or nore than 2 [err]m (preferably 5 [err]mor nore) and
equal to or |ess than 100 [err]m (preferably 40 [err]mor |ess) for
the sane reason as that of the first4@nbodi nent. Further, in the

pr esent embodi ment, by setting the height of the small projecting 25
portion higher 2t R&nad wRdsrtars i Kedobythewldghtotondactor mdatte tire
angle of incline of ,the cross section and an expandi ng angl e of the
wavegui de | i ghth& ehAs PRetheghight soespauca®ra plight zoriatvplatei g.
40, a portion 30 ich _, . 46

ef f ect !Dvel y fuﬁ%%@%&%@%f#%ct?%@ﬁ?fﬁé@ Ldghét conducipimdRkRrteo t hat

there is an advant age thﬁh_it i.s possible event unevenness of the

bri ght ness cau¥8y ghtdh%véﬁﬁé§%°6?stﬁ@gﬁégahFoUPrph§hﬁﬁ%ﬁher5
fl f .of the d ' f th |.ecti
Bortion, a 8 SEPOLUETERC AP e %esegﬁﬁag?%?'eigﬂ R BSEAOR G EPE A s |
h he fi [ L. . xt, a
gggcﬁigt?gzemfﬁﬁhggégf§éﬁ%ﬁg%:%éﬁﬁ%rgﬁﬁggggo%gﬁéﬁg Fn}égggr§§ﬁ§§%§§31the
present invent g%t‘éﬂ i@%t emi@éﬁ%fégx:r&aoﬁ% g%t.acﬁ%@@@ﬂf‘gpggﬂ‘%ﬁg%eam

Fig. 41 is a perspecti VI EW 0 apparatu accordance

wWith the preseahphRVestd QRc1fin®d surfade 1§ o* es&w&&ibggé&yva&bé hows
a dot 9 (a small recess 15 portion) in accordance wth the présent
enbodi ment, andmong theOwad8gu$da Vigmtwhi shrepd o8 shshape-da Fdat 10
10 the light emitting surface as an emitting light beam 21.
Then, the light components which are not refracted are
reflected, emitted from the lower surface of the light
conductor plate, reflected 23 on the reflecting plate,
and again input to the light conductor plate, and a part
15 thereof is emitted from the light emitting surface and
the remainder become again the light conductor plate
waveguide light. Accordingly, by suitably arranging the
small recess portions, it is possible to gradually emit
the waveguide light from the light conductor plate so as
20 to light the liquid crystal display element.

Fig. 44 is a view which shows a distribution of
the angles of the emitting lights from the light conductor
plate in accordance with the third embodiment. In this
case, the angle of incline of the cross section is 30

25 degrees, the outer shape of the light conductor plate is
the same as that shown in Fig. 21(a), and the emitting
angle in a graph corresponds to an emitting angle 25

illustrated in Fig. 21. Fig. 45 is a view which shows a



accordance with the present enbodi nment. The back 1i ght

apparatus has a |ight source 1, a light conductor plate 2 and a
reflection plate 4 as 20 mninmum constituting elenments, and a dot is
formed on a | i ght conductor plate |ower surface 12 in the |ight
conductor plate. Further, the dot is basi4dally arranged at random

Fig. 43 shows a locus of a |ight beamof a light 25 conductor plate
wavegui de | i gkﬁe]@tWé?ﬁm ther apgde of imiciliine ofiecle ghossoseation plate
in accordance with t resent invention. In Fig. 43, the emtting
light from ari}cﬁet]I"FgFFlgB Re&s1 ofs tlh?plftrqrﬁi tsir fagmtin obleccaseppst

47 2 at end surfac ht conductor_plate in t he
side of the | éﬁ‘ %%%rE}ée ‘gjs%gu??‘ﬁﬂtpl: guc't"*]a\e Prase light;gendensingght
16, becones th ductor t.e vequi de _| ight 14 and noves
forward towar cPe} rh‘gqtr}l Mé’ﬁn@%’% t??g toeaf1oht

refl ection é)n th uct o[ﬂggate surface 18 an

conduct or ?Féﬁtat%&%?%léme I(Q’Igelz ﬁnb AU Che 13 éﬁPt eaLn
wevogui de 11 gk %”ﬁ?@e? R R TR ML T
surface as an Gi{ thdahi 9Bl ﬁE‘l?%e of r_heéﬁbr s he.diight saqmRagents which

are not refracted are ecte emtt omthe Tower surface of the
l'i ght cornghuci 9k pl 248, Srﬁfnl eqt %‘ﬂez%a% gt efd efé 'f‘@ @é&i‘@es or and
again input to the Tight conductor plate, and a part thereof is

emtted fromtoerdi ghtuandst) ﬁ;ghesabf:a&éné’lﬂéy is optlmlzed and measured

10 so that the whole of the 1ight conductor plate is uniformly
lightened. Further, in the same manner as that of the
first embodiment, the reflecting plate 4 is provided on
the lower surface and the side surface of the light
conductor plate.

15 Fig. 44 will be described. The distribution of
the angles of the emitting lights has two peaks. A peak
of the emitting angle 10 to 20 degrees corresponds to a
peak of the light which is reflected on the inclined
surface 19 of the small recess portion, emitted from the

20 lower surface of the light conductor plate, reflected on
the reflecting plate and generated by the emitted light,
in Fig. 43. Further, a peak seen in 70 degrees or more
is generated by the emitting light due to an existence
of unevenness against the light transmitting through the

25 inclined surface 19 of the small recess portion. In the
third embodiment, in comparisonwith the first embodiment,
the emitting angle of the emitting light tends to become

great, so that it is hard to change and reduce the angle



t he remai nder becone again the |ight conductor plate wavegui de |ight.
Accordingly, by suitably arranging the smal |l recess portions, it is
possible to gradually emt t he waveguide light fromthe |ight
conductor plate so as 20 to light the liquid crystal display elenment.
Fig. 44 is a view which shows a distribut#é8n of the angles of the
emtting lights fromthe |ight conductor plate in accordance with the
third enbodi meff. insliies of theasrossheeghdbe.of Acnokdnegdly,t ie dreoss
section is 30 25, degrees, the outer shape of the Iight conductor plate is
the same as th&esdFeRd g forrgmmenlx) empigyt hbhecdi ffuagon plabagiedthe :

graph correspongs.to an emtting angle 25 Jdllustrated in Fig. 21. Fig.
45 is a Viem,Wﬁpgﬁtshsﬂgdgn51ng'pla e. Accordingly, the optimum agyle

rel ati on between the_.angle of .incline of the cross section and t he
bri ght ness of P%e &ﬁé%mﬂélﬁﬂfi???%% 8aSkigR 15 15ptecirg degrehs fafsi on

plate, the first.lig ondensin pl ate and the second |ight

condensi ng %I a?’ieng?? Ehgiﬁ énegsc%&&& gFOB?aT%rE%ﬁ‘Fi SHArEaYs¥
measurenent, a t . of & he |l recess portion is set to 3 pmin the
case thattgﬁg gﬁbtelb ﬁ%#hi%%?of the cross section is 10 degrees

or less, and 8 [err]minythe C???nhtzggggiﬁgti %ozc?:h%egjk%%se g%ft%}é? f’grg

Further, the dot density Is op nmeasur ed 2% whol e

of the light cgnd¢alelophdeabs @iﬂré Shahy receséi;gt}{]tq}?rg)- Fﬁwwsfcr&égthe

same nmanner as that of the st embodi nment e reflecting plate 4 is
provided on  secthenkaWehapel baCEhaNsma e sbelessWdACLoR i hand itdhitra

conductor plate.

10 embodiment, the same various kinds of shapes as those of
the first embodiment can be used. Further, a height, a
size and a distribution of the small recess portion and
a structure of the back 1light apparatus in accordance with
the present embodiment are the same as those of the first

15 embodiment. Further, the same result canbe obtained when
setting the small recess portion of the present embodiment
to the small projecting portion shown in Fig. 35. Further,
when making the dot on both of the lower surface of the
light conductor plate and the light emitting surface, an

20 intermediate characteristic between the both can be
obtained.

Next, a description will be given of a fourth
émbodiment in accordance with the present invention.
Fig. 46 shows a cross sectional shape of a light

25 condensing plate 31 (a prism sheet) which is effective
by being combined with the light conductor plate in
accordance with the present invention. Fig. 47 shows an

arrangement in the case of combining the light conductor



15 Fig. 44 wll be described. The distribution of t he
angles of the emtting |ights has two peaks. A peak of the emtting
angle 10 to 20 degrees corresponds to a peak of the light which is
refl ected on the inclined surface 19 of the small recess portion,
emtted fromthe 20 |ower surface of thespight conductor plate, reflected
on the reflecting plate and generated by the emtted |ight, I n
Fig. 43. Furthetate pEakhsefiirsn éfbdadgmeas @ithDEBe 1ighitScoadenaiied by
the emtting Iight due to an exi stence of unevenness agai nst the |ight
transmtting thitatghihh®Pig254iencl Heed, switaceetdeelt the asithlds rOpaeshd
portion. In the third enbodi nent, in conparison with the first

enbodi nent , 0p2 fet ailtiightycandeesdhgt pika ee) tMamigods Bhhdsenfl®pitd mugconme
great, so that it is hard to change and reduce the angle

49 of incYrhBesf ekpstcinssoszespondenceortdi ey kind iof the ldeditr abl e
to conmonly eanOé the diffusion plate and the | i ght condensing pl ate.
Accor di ngl y> tRen@pErRtinPAAGRe however, irndae of Ahe Bpbss 6dedeaeess 15

to 85 degrees at 5 which the brightness of the front surface becones

gr eat er t#3R £hat PR2Frgd548egrees are prefemgile.with respect to the
shape of the flat rface, of. the dot, (the small recess portion) and
the cross sectionaﬁﬂg%ap 8cﬁh?WEe%ré&$t¥égﬂg§05092i5ﬁeiﬁngﬂéstﬁﬁrd 10

SRR Ll et et R A s Yo Ry LA,
g];)p;?:t arsm: ln ;%%%f%gﬁgét %mgﬁ]eaéldees in gnséxr'lrjg}lg{ax%egfc éP %‘ibga.Cla7l (iAgh‘t It
10 is characterized that the brightness is high near the
emitting angle of - 40 degrees in addition to the front
surface, so that it is possible to widely expand an angle
of fieldwhile securing the brightness of the front surface.
In the case of this type of combination, it is necessary
15 to set Opl to a value as large as possible. That is, 75
degrees or more is desirable. However, since 85 degrees
or more is not desirable since it is hard to be manufacture.
Further, when being smaller than 75 degrees, the
brightness is reduced near the emitting angle of - 40
20 degrees. 0Op2 is desirably set to 35 * 10 degrees. When
setting to the other values, the emitting angle at which
the brightness becomes maximum becomes out of the front
surface.
Fig. 49 shows a distribution of the angles of
25 theemitting lights in the case of setting 6pl to 70 degrees
and Op2 to 45 degrees in an arrangement of Fig. 47(B). It

is possible to obtain a uniform brightness at all the

emitting angles and it is possible to widely expand an



the present enbodi nent are the sanme as those of the first 15 enbodi nent.
Further, the sanme result can be obtai ned when setting the small recess
portion of the present enbodi nent to the small projectingportion shown
in Fig. 35. Further, when nmaki ng the dot on both of the |ower surface
of the i ght conductor plate and theélight emtting surface, an 20

I nternedi ate characteristic between the both can be obt ai ned.

Next, a descrigngba of fieled gi ientbe aafeurfithis tygrebodi gembinatdonor dance
with the present invention. Fig. 46 shows a cross sectional
shape of a |i¢fpl % desgmbdisf metpltat 2034 & dedraeshedfienvsieditiing to
effective by bei.ng conbined with the |ight conductor plate in
accordance W tﬁx?f%‘:}fﬁléé’éﬁpeisnvbﬁtlisoh?rﬂirg‘? obradpopdingiform brighkgessnt in
t he case of conbining the |ight conductor . .

50 pl ate &F 2hé Fh?s?mégﬁé‘)&gnéﬁﬂl\ﬁistvh Ppe ipgesésabdnsery to 45plate

contessi ng b1 o0 ShbPeR D et r OB aR s ne ey re et 1 fs ol
Connes o 0. SebgB st i Pheth el ilinesR SOUR UL T Snd UL EE

f bl e. . _Fi 4 i i [ fs | of
Phe emtting lights in CAf o 58 20918e (hBLoEhubhin wlide anglos O
to 35 degrees {aﬂaaﬂsaahaasqyeehoatghghganéie(&-fi'éld th m%ggigswed

that the brightness is high near emtting angle of - 40 degrees in
addition to thgppapatus of tHel FeRhrtIP disdaithens. PSS bl 1 t Pg V4 dgl ¥wexpand

an angle 10 which explains a structure of a back light apparatus when

photographing the view of Fig. 50. A conventional back

light apparatus 32 employs a 1ight conductor plate 33 using

a printing dot and in which the reflecting plate 4 is placed

on the lower surface of the light conductor plate, the

15 diffusion plate 5, the first light condensing plate 6 and

the second 1ight condensing plate 7 are placed on the light

emitting surface of the light conductor plate. The first

light condensing plate and the second light condensing

plate uses a prism sheet having a top angle of 90 degrees.

20 the back light apparatus 34 in accordance with the fourth

embodiment employs the light conductor plate 35 of the

first embodiment and is structured such that the

reflecting plate 4 is placed on the lower surface of the

light condensing plate and the diffusion plate 5 and the

25 1light condensing plate 31 in Fig. 46 are placed on the
light emitting surface of the light conductor plate.

Next, a description will be given of a fifth

embodiment in accordance with the present invention.



of field while securing the brightness of the front surface. In the
case of this type of conbination, it is necessary 15 to set Opl to a

value as large as possible. That is, 75 degrees or nore is desirable.
However, since 85 degrees - or nore is not desirable since it is hard to
be manufact ure. Furt her, when being S2aller than 75 degrees, the

brightness is reduced near the emtting angle of - 40 20 degrees. 2 is
desirably set to 35 10 Hegthespreent invesdtitomg itto ihepassibleataes, the
emtting angle at which . the brightness becomes maxi num beconmes out of
the front ceptfgde the distributionjgf #bespngdes @ifsthieb@miditisfo t he
angles of 25 the emtting lights in the case of setting Opl to 70 degrees
and Op2 to 45 &éghéésfrﬁmaghar ol reondester platre by controlling gdwsi bl e
O SPbrL & abgI T RELARESS & (Bl chOSs sectlbh!’ WefBY Hed Rhidng °

' h .of _thi f mbi i on, . '
dosi rably sBi EBe782916 REgiBelinanah ik (7rA éercaéih3$wbﬁq@¥e%?aﬁés[ it
Is hard bt ai | f L gh t { ittin e
'S dosi rably sehsAEst8s Bhedly etiééwg&%gfe?i?ﬁalr S FéSGERs nﬁfs,q’
it is hard ' ' ' : ).kt es.
Fig 5015 a vPEuTBRCTERr st ol ehceibiRianel & aleFeiiie Helhel G

field of the bagk bbghtion nedPRUANYFHY sgngcfeoé!ﬁl&]l?g%g%irﬁ%n agadt 51 1S

a view 10 which ‘explains a structuré of ack ar at us en

phot ogr aphi ng ghemViBY PightIsofPee 89NYBBIHODRIFPRCKS2. In order to
10 prevent this, it is effective to chahge the angle of
incline of the cross section between the position near
the light source and the position apart from the light
source. A difference of the peak of the angle
distribution of the emitting light between the position
15 near the light source and the position apart from the light
source is different in correspondence to the outer shape
of the light conductor plate and the like, however, it
takes a value about 1 to 15 degrees (8 degrees in the case
of Fig. 52). Fig. 53 shows a distribution of the angles
20 of the emitting lights in the case of changing the an
average of the angles of incline in the cross section of
the 1light conductor plate from the side of the 1ight source
toward the opposite side, whereby the angle thereof
becomes small in the side of the light source. In the
25 present embodiment, the angle of incline of the cross
section is linearly changed so that it becomes 27 degrees
at a point of 10 mm apart from the light source and 33

degrees at a point of 150 mm apart from the light source.



|'i ght apparatus 32 enploys a |ight conductor plate 33 using a printing
dot and in which the reflecting plate 4 is placed on the | ower surface
of the Iight conductor plate, the 15 diffusion plate 5, the first |ight
condensing plate 6 and the second |ight condensing plate 7 are pl aced
on the |ight emtting surface of theS3ight conductor plate. The first

| i ght condensing plate and the second |ight condensing pl ate uses a
pri sm sheet had®ngraunbpoinghangfingotiegreglde oZ0incAdneacif Ithghtramsar at us
34 in accordance wWith the fourth enbodi nent enpl oys the |ight

conduct or pl at 8885181 Yasies infageerdancdi wikhh thel duter rakane exf $leh t hat
the reflecti plate 4 is placed on the |ower surface of the

| i ght condensi bgggaF€n§H§tPHéHﬁquuﬁQﬁlEh%lblbeanHOWﬁ§er251qikﬁu
condensing plate 31 in Fig. 46 are placed on the light emtting
surface of thePPFEREAEENGQCESSTE pitate® 0.5 to 15 degrggge . a description

will be given of a fift enbodi nent .in ac¢ordance with the present
E ext, i? % a

i nvention. a description wi given o 1x$g t he
present invent] Lt 1S possible 1a control the distributi,on of the
Bngles of the SRPpathght B8 Rckardaies, wiER HERPEORGOE: PRIty

controlling the an@‘ﬁrﬁcﬁeni O%é?ﬁt%n%@ﬁtiggssi%e(\itsi %%séﬁfe |t\fl\é]en

maki ng 5 the angl e of € Cross section unifformon a

the surface ofcoherbidheCanducioldid Br i dé&éié@“&kfﬁrelepemi‘e_ftihﬁe

angles of the emtting lights is ferent ween _ osI tion near
the light sourtegnfd £H6mPase iYh@RYdductor YINBL BE Lol cIQUNE £hdS

shown in Fig. 52. In order to 10 prevent this, it iS effective to change
the angle Df angle of incline of the cross section. Here, when making
the angle of incline of the cross section as viewing the
light conductor plate at an area of 1 to 4 square cmuniform
and using two light condensing plates for improving the
brightness of the front surface, there can be obtained
15 a back light apparatus having a sharp peak in the angle
distribution of the emitting lights from the light
conductor plate and having a narrow angle of field, as
shown in an angle uniformity in Fig. 54. As a method of
preventing this, there is a method which employs the
20 diffusion plate, however, in the present invention, it
is possible to control the angle of field by making the
angle of incline of the cross section uneven when viewing
the light conductor plate at an area of 1 to 4 square cm.
An angle unevenness in Fig. 54 corresponds to a
25 distribution of the angles of the emitting lights from
the light conductor plate in the case of changing the angle

of incline of the cross section at every dots or every

parts of the dot within a range of * 10 degrees around



incline of the cross section between the position near the |ight
source and the position apart fromthe |ight source. A difference of
t he peak of the angle distribution of the emtting |ight between the
position 15 near the |ight source and the position apart fromthe |ight
source is different in correspondence to 3$€e outer shape of the light
conductor plate and the |ike, however, it takes a value about 1 to 15
degrees (8 degfesayerage thereof as ofigwing 3Ne lighg cbBdsiechwx plate
distribution of the angles 20 of the emtting lights in the case of
changi ng the a@t an aﬁgéraﬁeloFotﬁesaﬁﬁréscﬁﬁ i Ag| raBtignedeabpyes décti on
of the light conductor plate fromthe side of the |ight source

toward the oppbSiP@Sstfe® Rﬁe?88§r9ﬁegéﬁgP€99ﬁePgofleld 1BeB6REEAIREIE in

the side of the,|jght source. In th 25 present_enbadi nent he angl e of
incline of the"t gsgl}_‘e Uneyene o ?E Vi’?léfqe@e é#a_ ine Ofathe cEessmes 27
dogr cos at & pOPRELER" 160 FhRahar Lo RO Y GiRrdop Eothe afdfe de

53 An anoun f_changing angl e .of incline of.the.crgss.

section vari esg?(tr:\lg%%of) a%cl?g Wi frl%st %cg:u &t %&%a%}él%ft%%% i 8eFi1§ﬁE°1e

conduct or pl atg,gnd ,t i er, ¢Lteq eg Y. 1Q S Lt to
0.5 to 15 degrggs. * geté llgedeag%%éit : Ig te%c?ralsﬁ Pgn—\?ﬁgﬁ%g\éeee%‘l 'vgheg% a
sixth enbgi tad COk daNES W et:&ﬁ '%?ge'llh' \ﬁ%qté'g.f- 14.

In the present ?n‘gggt?%géelgt%s posst?'Ml:ﬁf; to i con_térci%l t he gi stl'rei buti on
of the angles wirthereMvhbhNd 15 debtBBESobr pBrkhes! sakt genddchar plfate by

controlling the

10 the range of capable of controlling the emitting angle
by the angle of incline of the cross section, so that it
is not preferable.

Next, a description will be given of a seventh

embodiment in accordance with the present invention.

15 In the present invention, the structure is made
such as to guide the light out of the light conductor plate
in accordance with the reflection and the refraction by
the inclined surface of the dot, and expand the light to
corners within the light conductor plate with using a

20 regular reflection at the other portions. Accordingly,
by reducing a surface roughness of the light conductor
plate, it is possible to reduce a loss at a time of
reflection and refraction and improve the brightness.
Fig. 55 is a view which shows a relation between Ra of

25 a flat portion (having an angle formed with respect to
the dot forming surface being equal to or less 5 degrees)
on the dot forming surface of the light conductor plate,

and the brightness of the front surface (using a diffusion



10 angle of incline of the cross section. Here, when making t he
angle of incline of the cross section as view ng the | i ght conduct or
plate at an area of 1 to 4 square cm uniform and using two |ight
condensing plates for inproving the bri ghtness of the front surface,
there can be obtained 15 a back |ight d&fparatus having a sharp peak in
the angl e distribution of the emtting lights fromthe |ight

conduct or pl atelape drd/itwy dightr oandeykéngfplated) . asAs showhdwnFiig.an
angle uniformty in Fig. 54, As a nethod of preventing this, there is
a met hod whi chPenpRaykss tdesipgblyi setistonbpl egealhbeeorr less thenpPedent

i nvention, it is possible to control the angle of field by making the
angl e of inclit® @Eraffrakbsd -96cembn Uheveherndn vhewiigst and speohdght
conductor plate at_an area of 1 to 4 square cm An angl e unevenness in
Fig. 54 correspgiiRRipenss. o5t dssefifisGtine g thrmmy eef bectirgefidmi ng

lights fro the Ligh onductor plate. in the case of changing the angle
of incli nen%)f ?Jr'l%n%r{')ég é8§t P‘Bnpétac&@%t(hﬁsr 1esktne rlapgrés of the dot
within a range of 10 d%%r es ar und .. . .

54 the average t her&dr ‘ad AT P The™ I Yoht REnEE¥EDr ofi & e at an

f . . as
control the P atEg e EEindrnaRRbIRE LIV donayeedt BIERREEETOR the
angl e of incl 'I”'f‘q@idté‘@y&&fSdiséléﬁcébggrak:ﬂét ?ﬁraﬁ{:gf%l?ﬁggggfﬂghr gpge of

t he angl e of incline of the cross section at t esirabl e
to be 2 to 13eege@esint8nthgncase of 2 degrees, there hardly exists
an affect of expanding the angle of field.

10 A manufacturing method of the light conductor

plate basically comprises a step of making a metal mold
and a step of plastic molding. As the method of making
the metal mold, various kinds of mechanical processing
methods, for example, a drilling method, a cutting method,
15 a grinding method and the like can be employed. Further,
an electric spark method is also an effective means.
However, the dot constituted by the small projecting
portion or the small recess portion in accordance with
the present invention is structured such that a number
20 thereof is 200 to 20000 per square cm in a general design
and a significantly large number is necessary for the whole
of the light conductor plate, so that it is preferable
to adopt a manufacturing method mentioned below.
Fig. 56 is a process diagram which shows a first
25 embodiment of the manufacturing method. This
manufacturing method has the following steps.
(1) a step of forming a photo resist 37 on a base

plate 36;



Further, when 15 degrees or nore is set, it is out of 10 the range of
capabl e of controlling the emtting angle by the angle of incline of
the cross section, so that it is not preferable. Next, a
description will be given of a seventh enbodi ment in accordance with

t He present invention. 15 In th& present invention, the
structure i s nade such as to guide the light out of the |ight
conductor plate (20 n acsoepdaofeanrahgting rephedid casind & Keaviehgast i on
by the inclined surface of the dot, and expand the light to

corners within the |ightpzbbentof f{dh%\tdaltwlqrhtlllm ibgse plete agptdoned
reflection at the other portions. Accordingly, by reducing a surface
roughness of the |ight cdeivetard devepppiag ithe Phevsinneisy abkete a

| oss at a tine of reflection and refraction and inprove the

bri ght ness. Fi g. 55.¥52@iat&ngvan aH i ket agat Bonf peh e MOREf 25
a flat portion (having an angle forned vmth res ect to the dot formng
surface bei Ag equal to RO¥eseRCHpedgsk thd R & BARTRFR &Y ace

of the light conductor plat and_t he br| ghtness of the front surface
(using a diffusion of'fhe dor 8°chd®paseTPIAEE, 55 pl ate and

Set 1o be equal o 871 ce ekt e iVihe fabe it ppanitiv g sRTReH o)

Further, in the first an‘,ﬂ,1 ef‘ﬁﬁgh%? aﬂgf?gg%ggﬁgﬁﬁéhp %%agl fc;ct4 e tncaform

A
areflectlngfllm 5 al ong I"ec g pl'ate 4
Next, a descri ptlon(w)' |ag%e§'é(§51‘&fst‘3c mo1aTREW AN H%hﬂ%t’f@é@%@n@ez& i ght

conduct or pl ate for

10 Here, as the base plate, a glass plate which is
mirror abraded at a thickness of about 2 to 10 mm or the
like is employed. Before forming the photo resist, it is
possible to previously apply a silane group adhesive
property improving agent. As the photo resist material,

15 a liquid or film-like positive type or negative type
material can be employed. Fig. 56 shows a step in the case
of using the positive type material. As the forming
method, there are a spin coating method and a roll coating
method. It is possible to change the height of the small

20 projecting portion and the depth of the small recess
portion by controlling the thickness of the photo resist.
Further, it is possible to control the angle of incline
of the cross section by adjusting the exposing and
developing conditions. For the photo mask, various kinds

25 of masks such as a chrome mask, a film mask, an emulsion
mask and the like can be employed, which can be made by
previously preparing data such as a size, a number, a

distribution and the like of the designed dot and



|'iquid crystal display apparatus in accordance with the pr esent

I nvention. 10 A manufacturing nmethod of the |ight conductor

pl ate basically conprises a step of nmaking a netal nold and a step of
pl.astic nol ding. As the nmethod of naking the metal nold, various kinds
of mechani cal processing nmet hods, fd¥7 exanple, a drilling nethod, a
cutting nethod, 15 a grinding nethod and the |Iike can be enpl oyed.

Furt her, Ges et dbingcbypank edmidtowbriic dbeamanm eldeeti beameand. the
However, the dot constituted by the small projecting portion or the

smal | recess pbitkfon Whehctornangeancenductiviend igmedeafior evEprnbngi s
structured such_that a nunber 20 thereof is 200 to 20000 per square cmin
a general desiBh2ting Lavien. SyMoeveaness ofr fheRideing SR désaPytior the
whol e of the light cond ctﬁr glatg, so that it is greferable to
adopt a nanuf aBtArFRg TRT ABE RARFOREd BERSW, that 1s, the stpmpersgapg g

' i.ch sh fi .25 di .th f [
ethod. Thig BeSHaitRdcr o APHEehbnl i L0 FORPUAFAYctoper ncf %E'e”;
f ) [ 7. X
(1) 2 step of Lorgifg s.00810u:GaRly Vol SO%Ease o e uoctl N
pattern of theigoénOBpE*ﬂﬁuﬁaﬁlgtt%'rﬁta‘i ”i‘iﬁtdl"él?dofian i ormit%bg & and

devel opi ng the photo resist a rradiatirng an ultraviol et

ray 39 from anméPREhica® performanceOl trAB 8hthRRcAPS at9ndS 159 ehOrTha
pattern 40 of the dot on the base platée;

be easily peeled out from the base plate in a physical

10 manner, and can be used as the stamper by abrasion
finishing in accordance with necessity.

The obtained stamper is fixed, for example, to
a base mold 43 of an injection molding machine by means
of a magnet, a vacuum chuck and the like. Fig. 56 shows

15 a method of manufacturing the light conductor plate 2 by
the injection molding machine, however, in addition to
the method, it is possible to form the light conductor
plate by an extrusion molding, a compression molding, a
vacuum molding and the like.

20 As the material constituting the light
conductor plate, it is possible to use a general kind of
transparent plastic material. For example; there are an
acrylic plastic, a polycarbonate resin, a polyacetal
resin, a polyurethane resin, an ultraviolet ray setting

25 plastic material. Among them, the acrylic resin is
excellent in view of a transparent property, a cost and
a molding easiness and corresponds to a material suitable

for the present invention.



(3) a step of applying a netal plating on the pattern and
formng a plastic nolding stanper 42; and (4) a step of plastic
nol ding with using the stanper. 10 Here, as the base plate, a
gl.ass plate which is mrror abraded at a thickness of about 2 to 10 nm
or the li ke is enployed. Before form»§ the photo resist, it is
possible to previously apply a silane group adhesive property i nproving
agent. As the photo resiBigndleis# pro¢gss digmranehifdh showisea pesiond/e
type or negative_type material can be enployed. Fig. 56 shows a step in
the case ofTherAgenkec pddie mpaulfped weing mgthodsinmeqandamge with

met hod, there afe a spin coating nethod and a roll coating met hod. It

i s possibl e totERFRSERE HBIFHL G- t FhishBRRufag tyrdingcpRjogdras dheand

t he depth of tgelinaLl recess portion by controlling the thickness of
the photo resi$P-+°Wilgy ﬁﬁﬂﬁ'it is possible to control the angle of

i ncline of the Sss_section_by adjusting the exposing.gnd

devel opi ng gonditiozi? ﬂ%rSQ?ﬁe%%og%Fﬂﬁﬁg,angPgﬂerBﬁﬁ§ %2§pr7n§§k§'such
as a chrone mask, a fil a | skon sk and the |ike can be
enpl oyed, which can be E% ejéﬁr grf%?%%?oﬁ%?§epggparing data such as a

size, a nunber, a (z)diast 4 té@_na ggg%ﬁﬁgl i[a:gg(rg)f d Q‘l%sqg?%g%éjvﬂ% %nge-

57 describing by an electronic eam an

Wien form ng a conducti ve,did i Ref Anee Ty eMaRg ¢ bas_epb%itggmkﬁlé%ne
unevenness of the plating step is |ost, ang an inproved plating |ayer,

that is, the stanper cambowe hendod&Pd10H$ngd EFLRY Blrfadidtithgoquluctive
| ayer and the
10 ultraviolet ray 39 from an upper portion of the
mask so as to form a pattern 40 of the dot on
the stamper original plate;
(3) a step of making the pattern mentioned above in
a mask and etching the stamper original plate
15 44 so as to form a stamper 42;
(4) a step of removing the remainder 45 of the photo
resist mask; and
(5) astepofplasticmoldingwithusing the stamper.
The present step does not employ the plating step,
20 and is different from the step in Fig. 56 in view of
processing a metal plate. Here, the stamper original
plate is, for example, a metal plate obtained by mirror
finishing Ni or the like. As a method of etching the
stamper original plate with making the photo mask pattern
25 1in the mask, in addition to the wet etching, various kinds
of dry etching methods can be employed. 1In particular,
an ion milling method which can control the angle of

incline of the cross section by inputting an ion beam from



plating |ayer, various kinds of netals can be used, N IS an optinmum
material in view of an uniformty and a mechani cal performance. The
obtai ned plating |ayer can be easily peeled out fromthe base plate in
a .physical 10 manner, and can be used as the stanper by abrasion
finishing in accordance with necessity. 59 The obt ai ned stanper
is fixed, for exanple, to . a base nold 43 of an injection nolding
machi ne by neafsPredetggrminadymngle cexrespendsktand neshbidkeuikiapless
shows 15 a netgod of manufacturing the Iight conductor plate 2 by  the
i nj ection nol dFRETRECHI néDR kbwsyvEasSE n idddis insgible tOt@ernetwdl,dut is
ossible to formthe |ight conductor pl ate by an extrusion nolding, a
Eonpression nDWEPHg?C§u%e the, Gk hdtelt Aol BndcepEdppre. wisth the As

e & goner al BARHCBF tuting Pekbhd et PRSH AHER ShEH S5EBY GRRSEL t her o
i last.i g, .pal bonate. resin, .a,pol yacet al
fesin a poPyuiStRaRB et i e ererar iy "ugeal 16 PIE%H 2¢ e
terial. Anmon rwlic resinis excellent in view of a
F?aﬁgbgrent pr%ﬁé??%% %@gggﬁ%guﬁiatea nol di ng easi ness and corresponds to

a material suitable B, %@eigr§§?§cﬁ§y%@taig%n Hh%ﬁh shows a third

58 Fig. 57 1s a proc agram-whi c OwWs a Seco

embodi nent of éﬂﬁoaam%%%ﬂrdwmaﬁw%tié&tiﬁaeg:ﬁééﬁeeeiﬂ“at&ordanéé1%i%ese“t

i nvention. This manufacturing nmethod ha
the present invention. This manufacturing method has the

10 following steps.
(1) a step of forming a photo resist 37 on a base
plate;
(2) a step of arranging a photo mask 38 having a
pattern of the dot on the base plate mentioned
15 above and developing after irradiating an
ultraviolet ray 39 from an upper portion of the
mask so as to form an original shape of a pattern
of the dot on the base plate;
(3) a step of dry etching the pattern so as to form
20 the pattern in a desired cross sectional shape;
(4) a step of applying a metal plating so as to form
a plastic molding stamper; and
(5) astepofplasticmoldingwithusing the stamper.
The process corresponds to a method of forming
25 the stamper in accordance with the plating step after
forming the photo mask pattern in accordance with the dry
etching method to the predetermined shape, and is

characterized by forming the original shape of the dot



foll ow ng steps. 5 (1) a step of formng a photo resist film 37 on

a stanper original plate 44; (2) a step of

arrangi ng a photo nmask 38 having a pattern of the dot on the

base pl ate nentioned above and devel oping after irradiating

an 10 ultraviolet ray 39 from&h upper portion of the

mask so as to forma pattern 40 of the dot on t he stanper

ori ginal platein the desirq@yrrasst epctfiomzli ahaphebpainEr oy T taroaednabove

in ..a mask and etching the stanper original plate 15

44 so as to foril&iBEappetherlike as the (dYy aettkpnof meehodi.ng t he

remai nder 45 of the photo . resist mask; and (5 a

step of plastic ol di ngN¥Husi hglehersPhiper will be given offtan present

step does not engagg the plating step, 20 and is different fromthe step
o

in Fig. 56 in Rent ofy gcgeRUfF et Hetrg Ppeeked peréormed dmanper
[intshing NP ofoBRLoatieR A3 h e Gt REReQLReRE of CBeanper ori gi nal
Plate i L TREgy EIRROL ERRKA ! LoD dind epoeke hraBdOLbion (o)
ncl ine of tnecmpedifgabd rhy LS BELREC ARGk g (e e O

59 a pr e%aﬁﬁ@geegrgﬂglsﬁe{zﬁaaeswr@ﬁe I ;zs?t 0ad ;%Y LaPLlénealing

thereto. In this case, I possible to dire
step (155 to 200 degrees) after (2) the step of forming

10 the pattern of the dot on the base plate, it is possible
to control the angle of incline of the cross section by
changing a dot width (a length in a direction perpendicular
to the light source of the dot (refer to Fig. 35)) or an
average distance between the dots (unit distance/ (square

15 root of dot density)). That is, as shown in Fig. 59, it
is possible to control the angle of incline of the cross
section in accordance with the dot width, and it is
possible to control the angle of incline of the cross
section even when employing the average distance between

20 the dots as shown in Fig. 60. Here, Fig. 61 shows an
example of a relation between the dot width and the angle
of incline of the cross section. It is possible to
increase the angle of incline of the cross section by
making the dot width narrow. In this case, it is

25 determined in accordance with the kind of the employed
resist (2 types comprising a positive type or a negative
type) and the kind of the mask (2 types comprising a type

of shading the portion to be made the dot or a type of



manuf acture the netal nold in accordance wth the manuf act uri ng net hod

nment i oned above with using the netal 5 mold material which is generally
used in place of the stanper original plate. Fig. 58 is
a process di agram whi ch shows a third enbodi ment of the manufacturing
met hod in accordance with t he presenélinvention. This manufacturing
nmet hod has the 10 follow ng steps. (1) a step of formng a photo
resi st 37 on atbasemitting sthe light) whetReratbeegodf widtdngimg:lze phot o
mask 38 having a . pattern of the dot on the base plate
nentioned 15 average digfancerketesenophagdatseshoulgddibst iohprged.
ultraviolet ray 39 froman upper. portion of the mask so as to

forman original shape dfeitpat fesfription will be givemeofd sgrudtalmse
pl at e; 3). .a step of dr fching the pattern so as to form 20
the pattern i n°& %eéilgéﬂdgrqggsg@zﬁm}aghggggratus. (4) a step of
cramers and T o "0ESS . %% BBouR Dlageid meverAM P IAY APRAE SiBmper.
Ihe Process ooceReaga e A I OB S 2R S AR o
550U ARSTE S8, o AL EDUMEIINLLD, LRGeS0
60 in thead@§ﬁ6%dﬂ§T¥§%fﬁﬁaié”EBlé%%i@h&ypfHPEOXE@gp§Qc%%p%n an
upper surface of the back light apparatus. This structure

10 shows apopular embodiment of the liquidcrystal apparatus,
various kinds of structures including the back light
apparatus can be considered in accordance with the usage
of the display apparatus.

For example, a particular wide angle of field

15 1is required for a desk top type liquid crystal display
apparatus in a personal computer or a television monitor,
however, in this case, it is possible to arrange a
diffusion plate which confuses the lightening beam and
expands the angle of field, at a suitable position.

20 Further, it is possible to arrange a sheet having a light
diffusing effect for expanding the angle of field, after
arranging the prism sheet so as to irradiate the lightening
beam having a further higher directionality, or process
the light emitting surface so as to give a 1light confusion

25 function, thereby expanding the angle of field.

A particular embodiment of the light source,

there can be exemplified a cold-cathode tube, a hot-



mlling or the like as the dry etching nethod. Next, a
description will be given of an enbodi nent of a manufacturing nethod
performed in 5 conmbination with the first enbodi ment of the

manuf acturing nmethod for realizing the fifth and sixth enbodi nments. In
the first enbodi nent of the manuf act 62i ng nethod, in the case of
addi ng an annealing step (155 to 200 degrees) after (2) the step of
formng 10 theaghode tube, tmuugtst@m lampbasyepbatkampt aimepaddidilide

to control the_angle of incline of the cross section by changi ng a dot
width (a | engt RapR ang rtéveuleﬁcqoer pangiengral, a light kwuremto’curker of
the dot (refer to Fig. 35)) aver age di stance between the dots
(unit d|stanceFeFﬁﬁﬁﬁﬁyrguiyﬁQxﬁu%ﬁ 9t thenspidyrathpdg tiube &iss shown in
Fig. 59, it E& ssible to control the angle of incline of the cross
section in acc8f th the dot width, and it is possible to

control thecangle of inc of t sectio en e oning
the average>di st ance bett@%ﬁ C{]ﬁeyﬁgﬁé %Jselgﬁﬁﬁn?’? Flp‘?e]gl i

61 shows an X Ie of reI tion _between_the dot wndth and the angle
of incline of Fﬁeﬁc?b SCQEé% q? %rﬁﬁggngQVFBtlon & dase the angle

LSS S e G FULLE LSS ARE O
rkeSI st (2 typeéaﬁoﬂgrén%IWy@dposAé' VSeBEEEloiléuﬂ?g@#Q/@al celVPhaand the
ind of the mask (2 types conprising a dr ng The portlon to

be made the dotaér pe e¥Reifified a twist nematic type, a super twist
10 nematic type, a homogeneous type, a thin film transistor
type, an active matrix drive type, a simple matrix drive
type and the like.

In this case, a mask for making ﬁhe brightness
uniform (not shown) which is employed as occasion demands
15 compensates the unevenness of the brightness due to the
distance difference from the light source, is, for example,
formed as a sheet obtained by changing a transmission of
the light, and the mask for making the brightness uniform

can be arranged at an optional position on the light

20 conductor plate.

INDUSTRIAL APPLICABILITY
As mentioned above, by employing the light
conductor plate having multi functions and high
performance in accordance with the present invention for
25 the liquid crystal display apparatus, it is possible to
reduce the number of the constituent parts of the back

light apparatus which is conventionally constituted by



transmtting the light) whether the dot width or the aver age di stance
bet ween the dots shoul d be changed. Next, a description wll
be given of a structure of a liquid crystal display apparatus. 5
Fig. 62 shows a liquid crystal display apparatus in accordance with
the present invention. A deflecting gsate, a TFT, a liquid crystal
cell, a comon el ectrode, a color filter and a polarizing plate are

pl aced on an & logppdr pantfsacethit ti®, btlb& light apparcatushelHiigytst ruct ure
10 shows a popul ar enbodi ment of the liquid crystal apparatus,

various ki nds ePnReucterupdstiencitl rdi fHesborksheght the papsar shestcan be
considered in accordance with the u of the display apparatus.

For exanple, a Bﬁr??é&?&f:lﬂigdﬁhéﬁél éngf theel ke is At thed@danedimg, dtdesk

el evi 51 on mont £ or355 8018150 oy, ARy BrEabEnepe nBdpeadner - hd Samange a
angl & of 118 of '%“cso&"”abstisrb%%%rr'r% WA i a&‘r".ftoq asE5beg 1 o
h iof ff t d
Zagﬁzgﬁfaf?;ﬁm?%d%ﬁ 3% o thad ord St rl&%é?l #&%&aﬁte the
i ghteni ng BEEy ARRAG R iR AN A EL eﬁs' Ubhfiesd o Q5SS
S 55

the |ight enlttln so as to gi conTus’on

thereby expandhpgghgeaaohfqohati 8! d able ﬁp?PFF&H a Cgﬁéh #hggeﬁggggtnent

of the light source, there can exe a
hot - applicability is s1gn1f1cantﬁ@ great.



cat hode tube, a tungsten [anp, a xenon |anp, a netal hallde

the like. In general, a light source of a | ow t enperat ure type such as
t he col d-cat hode tube is desi rabl e. 5 THhe émﬂﬂu@e

el enent or the liquid crystal cell enployed for the \IOH
I S not particularly limted, and a we#l -known elenent

can be enployed. As a general liquid crystal cell, there

exenplified a twist nematic type, a supekAIMEst 10 nematic type,_a
honbgeneous type, a thin filmtransistor type, an active matrix drive
type, a sinple matrix drive type and the |iKke. In this
case, a mask for making the brjghtness uni form (not shown) which is

enpl oyed as océasi on dernbsquid cryapehsdisplafeannavatigs sobrilsd ng

bri ght ness due _t di stance difference, fromthe |Iight source, is,
forgexarrpl e, (il\gg’im,g(? nductadh Rkt aded %%/gEHaﬁQPﬁﬁeaaFF&ﬁgrﬁ%@bn of

the | ht, and_t he nask f ng the, brightness uniform
ar?anégd at an 055|8n§Pr"&ﬁ%|t%1%%}%l Het R GhEorgBCtegn BeREST ﬁhgggby

b b h
oht - contEERLERiPl & dAsHS YT CFhrettbn E%Saﬁ%éﬁ %feg’gb%fycéa”?mﬁci
i n accordance gh&?akgp &ﬂgfgﬁﬁg#ﬂyﬁgbhg, égﬁ%%ggr %ﬁbhgérrb%5¥ﬁ ent

di spl ay apparatus,

constituent pa§ﬁ§f8ﬁ:etf'§r l&affght frdnt 80k PRPRL 05 SN i gheapygRlingnal Iy

constituted by
surface for emitting the input light to the liquid crystal

cell, and a plurality of dots constituting by small
projecting portions or small recess portions for changing
a moving direction of the light from the incident surface
toward a direction of the light emitting surface.

2. A liquid crystal display apparatus comprising
a light conductor plate and a light source arranged on
a side surface of said light conductor plate, thereby
lightening a liguid crystal cell from a side of a back
surface, wherein the 1light conductor plate has an incident
surface for a light from the 1ight source, a 1ight emitting
surface for emitting the input light to the liquid crystal
cell, and a plurality of dots constituting by small
projecting portions or small recess portions for changing
a moving direction of the light from the incident surface
toward a direction of the light emitting surface provided
on a surface opposite to the light emitting surface.
3. A liquid crystal display apparatus comprising
a light conductor plate and a light source arranged on

a side surface of said light conductor plate, thereby

. i
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63 a lot of parts, that is, the light source, the |ight conduct or

pl'ate, the diffusion sheet, the prismsheet, the rg ec dand
the like. At the sane tine, it is possible to inpro lu ess and
reduce the cost 5 of the constituent parts and the ma

assenbl i ng. Accordingly, it is possiblé5to obtain the liquid crystal

di spl ay apparatus which generates no unevenness of the bri ght ness and
has a stabl e pldgbtepirend aniquidistryatal cappl fcahi lai s des off gniddsiant |y
great. 6 4

CLAI M5 1surfaqs.quhereipstize ldigiyl agndpphpatpika teimars asiing ialdnight

conductor plate and a |light _ source arranged on a side surface 5 of the

| i ght conduct ofUIface feRar ehghti fremthegl ightracuteek a lightemds isigle of
the |ight conductor plate, a liquid crystal = cell arranged on a front
surface side ofUFH&q98 §AF whbkirgthe 1npust bighhdretheshiauidgmystaiduct or
pl ate has an i nci.dent surface for a light fromthe |ight source and a
light enitting®fdl s@hd Rigrakityiag @ﬁgSiﬁar}?tnﬂ:glﬁthgoh&hesmqlqhid
crystal cel | l.ural it d of s

. <a pl, ¥,of dot s vﬂch are constitut ma| |
proj ect i ng. poPFPaﬁf%&n%HﬁH 1PBSRE SMAt: SRSSSF ROFHLARE bt changidg
i nci dent f h i ght Lttt f for, . i
movi ng di roct | SOy LRGSR PP TS 1AgPaoRt STeBEIASKASHD Sdtheli f on
of the light egih 'agaséﬁfrt%&tgjloﬁ%q‘ g%&h’biﬁgfﬁém q@égngoétfrf?éde %Sr}ro%'rie&d'\h' ch

is wthin a range between square” mm ‘an

substantial ly pactaRoulight emitt SRPSuMELBea short line of the
substantially rectangul ar shape bel ng o? a length equal to or |ess than
200 [err]m 204. 2. AA{GgaEdceyy¥ehal qd:BRhPY aBPRFRANLS 23S Aldiged i n
claim1l, wherein said |l ength of the short [ine of each dot is in a
range from 10 tan 489 paer b cla2ms 13to 3A Wwhewed rcrays adleadicplericrapar at us
as claimed in claim1l or 2, wherein a long |line of each dot is arranged

substanti al | y psipeddtsutanstatultd ngobiynghei smafiloprofjeichdng pdritghing r om
the light source. 30 4. A liquid crystal display apparatus conprising
a |ight cofduéber spiadtle rane s Ipqticnsrte withiged oangesbdewaard ace

of the light conductaor plate, thereby |ightening, froma back
0.2 and 0.000025 square mm.

5. A liquid crystal display apparatus as claimed
in any one of claims 1 to 3, wherein an area of each of
said dots constituting by the small projecting portions
or the small recess portions is within a range between
0.01 and 0.0001 sguare mm.

6. A liguid crystal display apparatus as claimed
in any one of claims 1 to 5, wherein a shape of each of
said dots constituting by the small projecting portions
or the small recess portions is a substantially
rectangular shape, and a length of a short line thereof
is equal to or less than 200 um.

7. A liqguid crystal display apparatus as claimed
in any one of claims 1 to 5, wherein a shape of each of

said dots constituting by the small projecting portions

REPLACED
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65 surface side of the |ight conductor plate, 1

aliquidcry cel
arranged on a front surface side of the l'i ght conduct or §E9§w %H&Wh%d
wherein said |ight conductor plate has an incident ”,#”'”

light fromthe light source and a light emtting 5 surfac

the input light to the liquid crystal 66 cell, a pIuraIrty of dots,

whi ch are constitﬁ%ed of _smal | proj ecting portlons or small recess
portions, are Por B8 §pall rec%%ﬁaﬁ?ﬁﬁ%@%? 58rRasubstansdatlle | i ght
emtting surface for chang a noving direction of the light from
the incident  Te§CaDgilate SHEDE AR dengih RE B ghorémldriengherendce,
and each . of s |d doé% has %ngwgge of incline in a cross sectlon

t hereof, whi ch*FsP8i Vﬁﬁ? n 7 and 43 degr ees.

and a 11 ght sof dLZpo‘?a?rSﬁ%‘%f ErPRal, leliab dbogratys prgri st g ?i or
I h b f b f, f ghe |
Conduct or piat 0 467 R 308525‘1@ %o 7, PB¥Ed S%asé BRES Profet Mce

si de of the "gargcaaégcr;gﬁst sutiBhae, cARCLRbE1oBL Ll oaudugLar, Pl ate

has an inci dent surrace OI’ a

eni tting 0$UEHCEN %Q&O?Qctetﬁan#ﬁﬁdﬂ@ufs | éggﬁgée?hﬁﬁah'ﬂu' derystal

cell, and a plurality o are constitute

pr oj ect i ng por%eeﬂangmaﬁfaghabeceaadpar theRS betwedn aN98dr3 1ine an@ndom
on the incident surface and/of the l'ight emtting 25 surface for

changi ng a nmovangoflgr @éheohefrdie ild HhudT oo tde 1ess thAsl dent surface to
a direction of the light emtting surface. 6. Aliquid crysta

di spl ay apparafus as cl & rieidniid dmrsmall displayhappapasasdasngllaisled
incline in the cross section of each dot 30 is set small in a region
near the |ightiBoanrgecnadofschaims 1 to Targyberasni & ghepeawdy ehctimotthe

| i ght source. 66 7. A
liquid crystal S¥idpfays appashiiytasachyi vhe smatlapneiacting pehsiens when
sectioning said surface E the |ight conductor pl ate, on which the
dots are forned® Bé SP@E IQPC§E§aF€§ﬁ19PS is %osqb§ﬁéﬁFéaé%V an average
of the angles of %ncll ne of Cross sec%%ons of th dot mnthr

regul ar squar e" ¢f 638ZH-#E Shapethgnﬁrﬁhfagéﬁr tW§eH|Ff§ range

f 0.5 15 h I f
ionclinetO of t%e g?%@% ggg%lons of %§¥Jﬁ_%? qﬁftﬁ% %B%ﬁ:?%pggﬁfa?
square nost apggt fronrgpq_éiln : ééi é{Epla%maE%araéuE'QH'g}%ﬁ%%hm

di spl ay apparatus as claine in sard angle
incline of theigrfsy &e&tdpra:mu@@qh td09, where®t S had gt Rirnzagepeyl ar

square is changed at every dot or every dot portion within ohe dot.

of each of said dots constituting by the small projecting
portions or the small recess portions is within a range
between 2 and 100 um.

11. A liquid crystal display apparatus as claimed
in any one of claims 1 to 9, wherein a height or a depth
of each of said dots constituting by the small projecting
portions or the small recess portions is within a range
between 5 and 40 um.

12. A liquid crystal display apparatus as claimed

in any one of claims 1 to 11, wherein a shape of each of

said dots constituting by the small projecting portions

[ e
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15 9. A liquid crystal display apparatus as clained in claim8
wherein said angle of incline of the cross section |s ch tH“E”m‘ g
a range between averages [err] 2 and 15 degrees.

crystal display apparatus as clainmed in cIa|n13 th
of the long line of each dot is set |arge67 in a regron near the Irght
source and is made smaller as it goes away fromthe |ight source. 25
11. A liquid erythel sgiadd asecaparpextionsciai aedubstendiimlly wher ei n
an average di stance between adjacent dots is set large in a region near
the |ight sour eecﬁﬁegugarraabaeﬁalarei adeng line qfotbearstangnd ansharst

sour ce. 30 A liquid crystal display apparatus as_clainmed in claim
1, 4 or 1%@#66#9@ eﬁ‘&ﬂ%ﬁ%@%ﬂr@’a@% Barpradelr segihesd iighta

non-dot area of sai d surface, on mhrch i e dots are fornmed, is
equal to or Ie§§lﬁﬁaﬁgbﬁyﬁ§59ﬂrﬁ the lig SQPFFSht crystal display
apparatus as cagrned in cI erein a calculaéﬁp aver age

surface roughness in a H%%lﬁo?r%fgﬁlo?l§8}8ys3??358 U&n ArhiS dot s
f d, | th

" Guid crystar spraﬁﬁ'egppa? A chaffediPet 4 Anole of iff14dd

wherein a pri SHESFeEE QVEQQt‘?‘LoBe ?tle QhO‘:afG%[ﬁfl b3 tLeEobBJcﬁtﬂ:ang S,and

25[err] < 2 < err I's arrange ween 't conduct or

and the |iqui dtﬁ@’éﬁ@il eld5: ectlnC? po;:§10né &E@@sﬂélf%ﬁ@é’é ot hd | ght

conductor plate for a l'iquid crystal display apparatus conprrsrng t he

steps of: 15 is withGh) of HHAJH BeRhd® 7 eshdt sbi hELeRed .Dase pl ate;
(2) arranging, on the base plate, a photo nask having a pl anar shape

pattern or an iaverted matlogni@fcepétal displast apphedtals aaldladmedcting
portions or a small recess portions, irradiating the base plate with
an ul travi ol et inagnPOone fofomlabionee 1t he bhRskwlaarde i hean dangel @ pifng ntod ifner m a
pattern for formng the small project ng portions or the small recess
portions on thefbaserpkateection of each(®f eadHi Agtsheobasd tpitdmey Whi | e
using the thus forned pattern thereon as a mask to forma plastic

nol di ng et al Qee Sﬂ%lperromﬁlng portions(ay theasmadl s cr §17 DRTLH oftfe

st anper. A et hod of nanufacturrng a Irght conductor for a

li qui d cr§7§t¥Ft5‘|l§plaafaa’r9§arlaet‘iY§e%nY)r?% nd3t AEIELESs of

15. A liguid crystal display apparatus as claimed
in any one of claims 1 to 14, wherein a number per a unit
area of the small projecting portions or the small recess
portions in said light conductor plate is increased from
a side of the light source toward an opposite side.
16. A liquid crystal display apparatus as claimed
in any one of claims 1 to 15, wherein a.reflecting film
is formed on a surface forming the dots constituting by
the small projecting portions or the small recess portions
in said light conductor plate.

17. A liquid crystal display apparatus as claimed
in any one of claims 1 to 16, wherein the small projecting
portions or the small recess portions in said light

conductor plate are arranged at random.

(IR
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30 (1) formng a photo resist filmon a base ?I‘a.te; Rreplaced( 2)

arrangi ng, on the base plate, a photo mask having a Th 3
pattern or on inverted pattern of dots m “\
68 constituted of small projecting portions or sna

portions, irradiating the base plate withé&n ultraviolet ray from
above the nmask and then devel oping to forma pattern for formng the
smal | projecti A§-portionds biquhd smabtaledésplay pophiratsisomst fvd siassd

pl at e; (3) dry etching the thus forned pattern to adjust the
formed patternin any one’of (ml)anamllytngla neferephatn rapdbe foft rre lpinsst i ¢
nol di ng stanmper; and 10 5% plastic nolding with the stanper.
17 A method &P ﬁ&’ﬁlﬁ;fsa@tqﬂqlr@ LT ithe @ﬁ%u@%ﬁt#éutanm byi ¢he smadlyst al
di spl ay apparatus .conprising the steps of : (1) form ng a photo
resist film onp§°l§§§§lﬁ‘lgapérti-5ms or the(small E@eR$HE PO 1PRS ik Sadidhte, a
phot o mask havi an inverted pattern of dots

constituted of in%ﬁ‘l% cﬁpg}ggg?’%:lﬁiﬁgﬁ?‘ aéﬁg{lggaaﬁfo?‘&é&rtlm?gtﬁqlf e
h | h
and then devel SpPAs T8% ’?t%%ﬁwﬁp F o ETEbFoant Bom cap TIRAC RS ™

proj ecti ng por n CESS t e .pl.ate;
(3) heating théhtah%s s%geltllteeéﬁ 5 F setr:r%g{r:%% g gﬁaﬂ%rb%% t{hoe
200[err]Cto sggrg@ogngllegroftﬂéwc |§0@rgéoss section of the resist
at a predeterm ned angle degrees with 25 respect to a surface
of the base pl abe; A 11qui&r)cf«;{9§£é{1nélépmﬁ&ahpﬁla@a't%% Q% Tc*l%lfrc@dmd
pattern to forma plastic nolding netal stanper; (5)

pl astic nol di ngnvahp dhe ft ¥REMms 1 to 18, wherein an angle of inclir®
within said regul ar square is changed at every dots or every dot portions
within one dotin 2ftoss secAildmuifd theyAats diepsaytappagabys the cmailied in
any one of claims 1 to 17, wherein when sectioning the dot form ng surface
of said light Emdacfttongppamlbylsaorrelgelsmalshtmceesﬁ porttuidnsquasaicdn an
angl e of incline

light conductor plate is changed from a portion near the

light source toward a portion apart from the light source,

an angle thereof is substantially smaller at the portion

near the light source, and when sectioning the dot forming

surface of the light conductor plate by a regular square

of 1 to 4 square cm, an average of an angle of incline

of a cross section within a regular square closest to the

light source is 0.5 to 15 degrees different from an average

of an angle of incline of a cross section within a regular

square most apart from the light source.

20. A liquid crystal display apparatus as claimed

in any one of claims 1 to 17, wherein when sectioning the

dot forming surface of said light conductor plate by a

regular square of 1 to 4 sguare cm, an angle of incline

of a cross section of the dots constituted by the small

projecting portions or the small recess portions existing

I e |
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of a cross section of the dots constituted by the sma{l g nrQlgctpng .
portions or the small recess portions existing wthi i Squar e
is changed at every dots or every dot portions wthi ;lr,ﬂﬁ mﬂmﬁmtl n a
range between averages 2 and 15 degrees within said i 22.
A liquid crystal display apparatus as claésed in any one of clains 1 to
21, wherein a width of the dots constituted by the small projecting
portions or thwithan sadetespwpoat ismsare $ai dhhnghtl atnewvetryr dutat eyr t hat
is, alength of the dots in a direction perpendicular to the 1ight source
i s changed frofV&rpyodatoPardaronhevitlybn ogeudet.toward a portion apart
fromthe |ight _source, and the width is substantially great in the portion
near the |igh€lsource. A2Biquid cpysradi disp)svarpapspitay aspalaimeds
claimed in angpone of clajnms 1 to 22, wherein an average di stance between

the dots const FPuRBY PBe tHe SRS dr BPetl i MherRiR ivdirn Geatiomnsing Itheecess
portions in said,light . condgg%or pl te,,égﬁt IS, a square root of a result
obt ai ned by a F8Fn§%§nﬁﬁ’igt S aeﬁfceoﬁae??} t9REnePRPUFSOT RAREE] B ém a

portion near t hght _source t rd ortion apart fromthe . light
sour ce, and thgggilgggngguia e OfO\e.,atO % sauare cm, an angle o 1 %1ne

b iall ' h AN he |iagh L2
P qui d cryst al 9S?é‘tfgés%p%sﬁgééé"gg”%ﬁéi adhs %%n%ﬁé%%%%opycﬁaﬁensmfﬁohzs,
wh [ I : : b4 t

erein a ca cgkaseéta}aqggfglaﬂg @f%hfeoyﬁggfgz;e%%ﬁﬁla&‘%ﬂs.*&%gl an a

dot formng surface o ots constitute projecting
within said regular square is changed at every dots or

every dot portions within one dot, within a range between
averages * 2 and 15 degrees within said regular square.
22. A liquid crystal display apparatus as claimed
in any one of claims 1 to 21, wherein a width of the dots
constituted by the small projecting portions or the small
recess portions in said light conductor plate, that is,
a length of the dots in a direction perpendicular to the
light source is changed from a portion near the light
source toward a portion apart from the light source, and
the width is substantially great in the portion near the
light source.

23. A liquid crystal display apparatus as claimed
in any one of claims 1 to 22, wherein an average distance
between the dots constituted by the small projecting
portions or the small recess portions in said light
conductor plate, that is, a square root of a result
obtained by a formula unit distance + dot density is
changed from a portion near the light source toward a

portion apart from the light source, and the distance is

KRR A T e S B
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portions or the small recess portions in said light conguefQiHPhéahReplsedset

to be equal to or less than 0.3 [err]m 25. Aliqu pl ay
apparatus as clainmed :in any one of clains 1 to 23, V\herel“g\m@t“g d
average surface roughness Ra of portions other than a do r face
of the dots constituted by the snmall projéeting portions or the snall
recess portions in said Light conductor plate is set to be equal to or

| ess than O. OSSUPéFﬁPﬁ}lalﬂ-& great Jn|thgiperddps aeati the dyi gippsoames .as
claimed in an¥ one of claips 1 to 25 wherein a prismsheet having a
relation of 90%%4-p1 < & HeFEdCHYStat dispray sprargtussasi slasaed n
conbination with said Iig%; fonductor |late. 27. A liquid crystal

di spl ay appar atBs22¥ A&PhetlatisahyhAd  ofheraine falsulgteghaveriaose

t hi ckness of sgj li.ght conductor ate i,s different.in accordance with a
di stance from ?Hng‘FShfo‘ggﬁng_s Igaké’.pg Portipng PREGToFRARMAICGRY EPFAGRY | ght

d I I gyid | di.spl I Si ng:,
(D) & step of TorEacsor MpLafLEPLBnskhIRERY BEPPRE' BRal BrySerting
rranging a

pl at e; t1 . ) : er qf.
phot o mask hav?%g 3°PFaFr the smal%nﬁ?%%%égﬂ%ﬁgl%é téﬁng%%%aﬁlg erted

pattern of conductdrdph a¢ensld tdded Hipba %E@Ai £6 OJD:?C%EEQ RRGH %sz
or a small recess portion on a base plate an evel oping after
irradiating ampsdltraviol et ray

25, A liquid crystal display apparatus as claimed
in any one of claims 1 to 23, wherein a calculated average
surface roughness Ra of portions other than a dot forming
surface of the dots constituted by the small projecting
portions or the small recess portions in said light
conductor plate is set to be equal to or less than 0.05
pm.
26. A liquid crystal display apparatus as claimed
in any one of claims 1 to 25, wherein a prism sheet having
a relation of 90 < 6pl < 60 degrees and 26 < 6p2 < 55 degrees
is used in combination with said light conductor plate.
27. A liquid crystal display apparatus as claimed
in any one of claims 1 to 26, wherein a thickness of said
light conductor plate is different in accordance with a
distance from the light source.
28. A method of manufacturing a light conductor
plate for a liguid crystal display apparatus comprising:
(1) a step of forming a photo resist on a stamper

original plate;

O
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ey

froman upper portion of a nmask so as to form S}@etl?ﬁiﬂeemkpph@“

forming the small projecting portion or the ortlon
on the stanper original plate; (3) as wg“ sal d
pattern in a mask and etching the stanper or ate so as to
form a plastic formng nmetal stahper; (4) a step of plastic
nol ding wi th using said stanper.  29. A net hod of

manuf acturing a |i gN?)coﬁlcﬁJWDrOf @xtandimg @ Iphpticl rasisttavidig @ flat
apparatus conpri sing: (1) a step of formng a photo resist filmon a
base plate; surfaoe shapepaditenn aaghRgiavenbed pakkeravdihg a
flat surface shape pattern or an inverted pattern of a
dot constituted by a sne? |99 §PBSLitE RS byon small projefting pONtiQitess
portion on said base plate and devel gping after irradiatin an
ultraviolet ray °rf?0'?|‘f‘%411u5ﬁ%?550¥:’9?5ﬁ°8f B AadRSS P

a pattern for formng th ortion por_t esmall
recess portion on the gevgfc’plg g’F@%&Itlﬂga?g LA P51 80%4

This Sheet Has Been Repl 3
step of dry etching sai p%’f‘t%?nuggeﬁsp?ﬁtﬁipm‘:’f a mask Sg Sgt & rﬁ"(m)m

() et P amnntP! V110 B B0 SR st profece i, ©
portion or the small recess portlon on the
stamper original plate;

(3) a step of making said pattern in a mask and
etching the stamper original plate so as to form
a plastic forming metal stamper;
(4) a step of plastic molding with using said
stamper.
29. A method of manufacturing a light conductor
plate for a liquid crystal display apparatus comprising:
(1) a step of forming a photo resist f£film on a base
plate;
{(2) a step of arranging a photo mask having a flat
surface shape pattern or an inverted pattern of
a dot constituted by a small projecting portion
or a small recess portion on said base plate and
developing after irradiating an ultraviolet ray
from an upper portion of a mask so as to form
a pattern for forming the small projecting
portion or the small recess portion on the

stamper original plate;

A YRR THIS SHEET HAS BEEN
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stanper. 30. A nmet hod of manufacturing a |ight conductor IPl ate for a

| i"qui d crystal display apparatus conprising: ( This She © ﬁing a
photo resist filmon a base pl at e; (ZQJ u J angi ng
a _photo mask having a flat surface shape p verted
pattern of a dot constituted b¥2a small projecting portion

or a small recess portion on said base plate and devel opi ng
after irradiating af3ul t3 &R ef dny etching said pemtarnuppeas por tficom of a
mask so as to form a pattern of the dot constituted by the small
projecting portion or tHe R¥MaFeTFecess portion on the stanper

original plate; (%% a step of | ying a tal plating on said

pattern so as to foffia HISEER 8%f%Pﬁﬁ%gnéﬁg‘fetar?platlngsﬁan%%rt:o torm (g
a step of plastic nnldiqg mith ysiﬁg sai d . stanper. 31. A
met hod of manufacturing & P13RE*CohdbRLBY S5REPESor a |iquid crysta

di spl ay apparat us c?g‘?r ias;)%g?;%_ of plgé):iﬁ ﬁ%ﬁ%i%fg fvg_rtrﬂ' r{gsﬂl&;gggu(()(}; esi st

filmon a base a step
of arrangi ng a photo ”a§§t£@%%99 a flat surface shape pattern or an
I nverted pattern of a constituted by a small projecting portion

or a small recggs porti ol P1$54d,P2RENAKALEURI%g a 1ight conductor

plate for a ligquid crystal display apparatus comprising:

(1) a step of forming a photo resist film on a base
plate;

(2) a step of arranging a photo mask having a flat
surface shape pattern or an inverted pattern of
a dot constituted by a small projecting portion
or a small recess portion on said base plate and
developing after irradiating an ultraviolet ray
from an upper portion of a mask so as to form
a pattern of the dot constituted by the small
projecting portion or the small recess portion
on the stamper original plate;

(3) a step of applying a metal plating on said
pattern so as to form a plastic forming metal
stamper;

(4) a step of plastic molding with using said
stamper.

31. A method of manufacturing a light conductor
plate for a liquid crystal display apparatus comprising:

(1) a step of forming a photo resist film on a base

plate;
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a dot constituted by a small projecting portion
or a small recess portion on said base plate and
developing after irradiating an ultraviolet ray
from an upper portion of a mask so as to form
a pattern of the dot constituted by the small
projecting portion or the small recess portion
on the stamper original plate;

(3) a step of heating said pattern to a temperature
between 155 and 200 degrees so as to set an angle
of incline of a cross section of the resist to
a predetermined angle between 7 and 85 degrees
with respect to a base plate surface;

(4) a step of applying a metal plating on said
pattern so as to form a plastic forming metal
stamper;

(5) a step of plastic molding with using said

stamper.
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