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THE SAME BACKLI GHT UNI T BACKGROUND OF THE | NVENTION 1. Fi el d of
| nvention The present invention relates to a display device and a backl i ght
unit for use in the display device and, particularly, to a structure of a
flat em ssion type backlight unit having a line-shaped light s “ﬁ“ “
Description of the Prior Art The non-1light em ssion type displ@%
such as, for exanple, a liquid crystdl display device is usual gﬂ&&ped
with a flat light em ssion type backlight unit in order to nake a display

possi ble even in a place in which there is no external light or a state of
an external light is inadequate. general structure of such Ilguid crystal
di spl ay deBACELHHT PRIT |DBéBLWtWVT&FeP§68€ THBFFRME BASRIdeHApl e with a

flat crystal display device is usual@thqU|pped with a flat light em ssion
type backlight unit in oreder to mak |dsplay possi ble even in a place in
which there is no ecternal light or a state of an external light is

i nadequate A general strcuture of such liquid crystal display device wll
described with reference Back¢HaUND oftsTEhOWVENTIFEING. 1, a backlight unit 10
for a liquid crystal display device includes a |line-shaped |ight source 2
such as a éolEﬁQ&ﬁl@ﬁdéhﬁlD@Y%ﬁﬁkﬂﬂ | anp arranged on a side surface of a

|l ight guide panel 1 and a [i reflection plate 3 for reflecti | i ght
fromthe |ight ’gt’furpﬁsﬁn'fo“ﬁ eélﬁaoahtreéaraa *S rfel AFPLAYY SFVé%‘?l?ﬂPgsheet 5is

arranged og fi‘%&?ﬁ grtubhacesof (e bl 9AL grLge, pansl; ol A gﬁe |1 ne- shaped

I i ght sourc s Connected to & connect of % erm nal fough |l ead wres
33. A Il9hpag@iéuqcatﬂl(r%ls;j epthcadrighiesl 4% sUEha@Send RfibaMc§peet is arranged

on the backlight unit having a line-shaped light source.

2. Description of the Prior Art

The non-light emission type display device such as,
for example, a liquid crystal display device is usually
equipped with a flat light emission type backlight unit in
order to make a display possible even in a place in which
there is no external light or a state of an external light
is inadequate. A general structure of such liquid crystal
display device will be described with reference to FIG. 1.

As shown in FIG. 1, a backlight unit 10 for a liquid
crystal display device includes a line-shaped light source
2 such as a cold cathode fluorescent lamp arranged on a
side surface of a light guide panel 1 and a light
reflection plate 3 for reflecting light from the light
source 2 to the light guide panel 1. A reflection sheet 5
is arranged on a rear surface of the light guide panel 1.
The line-shaped light source 2 is connected to a connector
terminal 32 through lead wires 33. A light collecting

optical sheet 41 such as a prism sheet 1is arranged on the
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- 2, surface side of the light guide panel 1 and a light diffusin t:i.Gal ‘
sheet 42 is provided between the light collecting optical sheet 4&‘Eﬂgpﬁﬁé”Ud

| i ght gui de panel 1. These conponents are housed in a housing 6 to formthe
back light unit 10. A liquid crystal display panel 11 is provided on the
housing 6 and the liquid crystal display device is conpleted by sandw chi ng
the housing 6 between an upper shield_ 12 and a |ower shield 13 and fixing
the shields 12 and 13 to the housing €. “The fixing of the shields 12 and 13
to the housing is performed by using known fixing neans such as threads and
screws or detents and notches. FIG 2 is a cross section of the backlight
unit 10, which is of, for exanple, an edge illum nating t The |ight
gui de panefunface sdffedio Fh%_#%ghhqgwaéerpame%uhﬁn5§aaé99h¥c resin having
hi gh [ight ,t nsnlttance n Kk i.n the f of a f pan The
| i ne- shaped* {Iéﬁt S EHFEE® g%?é%:i%ndgdpﬁ?o bet e@dgb ? %%% li ght gui de
panel 1 an i Hansl f,HRC n r f{ect |ight

i nci dent oﬁo%ﬂﬁﬂgfgﬂbgggggfhereof4?r8#?tﬁggl?blﬁzé@ﬁg%gbénaftLln the |ight
gui de panetheshecdnipghtntefdectlicrsen ahea3hbayimg & td shapedhermssk section
is arranged on an opposite side of the light source 2 to the side facing

t he side ehgﬁﬂbﬂnﬂﬁelplght gui de panel 1 to cover the line-shaped Iight

source 2 such that ht fro e I| ht source 2 is efficiently introduced
o the olin el ag eV P idmnad Banst & & et sortnoet o for

reflecting, %ﬁ%#h%)é)a aVBR: 200 %?%f‘%} skgmtﬂf§5ﬂ{}3&éyf%%99 a | ower surface of

the light g ane t owar upper Sirface thereof is

arranged oot B, sbhé\fllérﬁnd el sBubace Ofpdhrdnl ght ugpéde plate 1.
The light diffusing optical sheet 92 and the |ight collecting optical sheet

41 are | ansimidtlet 1@n apHeasldeenfsitilkd duppeanduf xai0ey dhhet beikightlgui de panel
1 and the assenbly is housed in the housing 6. Each of these optical sheets
is as thineg ¥V 1t2° hfahguel base mifefidind et &die issigddal Iy P yester

resin. Sin i h LSase, light. transm ttance .of one .Sheet |s about 900,
t he sheet ﬁ§ . lk e na &ngst r{gﬁgmpgsg?b?e TS seX1P9 gt

trans”‘ttaQ&@hEﬂﬁﬁﬁﬁ%ah§ EEHW§6¥%w§WQ§ndEQ@n@@QhkiQﬁkc%@%t |nclud|ng such
thin optical sheets is assenbled together with a non-light enmitting display

devi ce and opermt@d 2i hshagbréehparcativheoanthdilgdeKldmghdi Gyiienvd yr onnment or in
| ow tenperature environment, the light collecting and light diffusing
optical sheetah gfs tofe ﬁaék%ﬁml%ma{n gfaendtlynminatimer fubPey Bxpanded but

al so thernnl |y def,orned esul ti wri nkl es, or flexion of the optical
Shoets.  ThEt@lorBHdnEA0REr bri (PR i AaRSE:T SEd Adeaucher i cul ar Ly,
in a case YHE/E P&lsPRehLESn O n idHe 198hiCal 2 ShRALS: 1L RLeBSELs ﬁthe i ght
gui de panel i'n the frame type housing 6 and fixed thereto, winkle or
bendi ng the form of a flat panel. The line-shaped light source 2 is

arranged along a side edge of the light guide panel 1 and

the light guide panel 1 functions to randomly reflect light

incident on the side edge thereof from the light source 2

within the light guide panel. The light reflection plate 3

having a U-shaped cross section is arranged on an opposite

side of the light source 2 to the side facing the side edge

of the light guide panel 1 to cover the line-shaped light

source 2 such that light from the light source 2 is

efficiently introduced into the side edge of the light

guide panel 1. The reflection sheet 5 for reflecting back



rappears in center portions of the sheets, so that the display qualr;y deoog
the display device is degraded. Even if the optical sheets are no

by the frame and fixed thereto, it is necessary to provide a |large

cl earance ~ ~~p,R 2003 -4 between the frame and the optical sheets in
order to avoid interference between the housing frane and the optical
sheets. However, it is difficult to_pl ovrde | arge cl earance in the
backlight unit in view of the commer ct request of reducing the size and
t hi ckness of the display device. Therefore, t he probl em of degradati on of
di splay quality due to thermal deformation of the optical sheets cannot be
sol ved. Al though techni ques for conpensating for a shortage of strength of

a refIect|h%$hGeFP@é%grﬁfﬁﬂqﬂﬁeaahGWQF suyfagiet ofuiche bb@hﬂ @feéledi scl osed in,
for exanpl e, i papese at e g gtron Lai do enf §é9 53217 and
Japanese PARE 62 éothe echni tRrES EEASE FRTLES d*fo the

rei nforcerseetangtdoet'% IRRRE S chgedid @eﬁ@a%t'fget Yhi dne fialgndi f fusing
Li ght, collecting I'ight and/or ectlng ight, as in the present

|nvent|onguSUh%@E%%éIi'ﬂﬂﬁelNVEBEI&DEEHEIHQ(aytleﬁlthﬁe@teﬁemmd mvention is
to substantially overconme, or at |east reduce, one or nore problens
exi sting ilightecptiertiana opAibaskbhetit 4niare dapinetelddorf dheuséden a

pe display device such as a I|qU|d crystal display

I ht tt
333. cleg em I lri‘]gl?%%?uriifa&?CB dFRg tiPhn adpecPanelt het it édént i nventi on,
there is g{%%hgeﬂtf?ron]aQQQB gggthgggﬂg%ztng an optical sheet for

transntttlng i ght "source giving an optical change to the

light, a transaaeﬁn&fr@té“sfeoroewaapl@t@ew iishtaisMh €n COOtACL2 Wint Rn@ne of main
surfaces of the optical sheet and a reflection nenber for reflecting the

i ght em ta édstroaté¢hinl itpkiresdut seuswrllhe polgrsparerdsirei rifimcel, ng pl at e
such that the light fromthe |ight source passed through the transparent

r ei nf or ci A ﬁPéPecﬁ%%sekégﬂﬁréﬁgﬁsmhet%ﬁﬁq(ﬁﬂ Q@ﬁeéheeqnest4Q9ﬂ§p§ ént

rei nforci te ref rabI for d of a mate | i ght
transm’ttq%l ﬁ Ee? %han ptas gPSEﬁ%% dﬁ%“ ‘%fﬁﬁl def or mat i on
| ar ger thqgg%nagrggsﬁig%éyyg Qﬂgrgggets e Rptical sheet is a Ilght

col l ecting optical sheet for increasing a front surface
When the backlight unit including such thin optical

sheets is assembled together with a non-light emitting
display device and operated in high temperature and high
humidity environment or in low temperature environment, the
light collecting and light diffusing optical sheets of the
backlight unit are not only thermally expanded but also
thermally deformed, resulting in wrinkles or flexion of the
optical sheets. Therefore, the uniformity of luminance is
degraded. Particularly, in a case where peripheries of the
optical sheets are pressed to the light guide panel in the
frame type housing 6 and fixed thereto, wrinkle or bending
appears in center portions of the sheets, so that the
display quality of the display device is degraded. Even if
the optical sheets are not pressed by the frame and fixed

thereto, it is necessary to provide a large clearance



| um nance of the backlight unit and the backlight unit further Cmrl\ﬁ%@ 2003
| ight diffusing optical sheet arranged on a side of a surface of e
reinforcing plate opposite to the side of the other surface thereof on

which the light collecting optical shegt is arranged, for increasing the
uniformty of [um nance of a light emtting surface of the backlight unit

and a flat |ight guide panel ayranged_ between.the reflectin nber and the
|i ght @PFYeS8 igirepe e b Rt Shests RareRrp ww@flméffﬁlieﬁ@e BUeP L ASRENg ght

from tipgple a&lhtthes%{fcﬁﬁshleys? I o v B2 iff i aﬁ'ﬁéﬁlgf&tprgﬁidgﬁrgé Slk&rance M tﬁea g&]eili 03 -6

The light source is a |ine-shaped |ight source arraRged on a si dge of

t he | i ghit iguicdeofghmedtmmactial hequesiaiIredyieingthe sizé and thecknessqfiths display davieed
light reflecti | at e r reflecting, light emtted from.the li source
t ovar d TOFRETSPIBC BBGESS oF SreadaighoF gifiny e 1 Beruniishatngh B ec '«
pref er aBtiYal ShadbdcaARot isoPRYi cal sheet by a transparent tackiness agent. The
transparent tacki ness agent may be acrél i c tackiness agent. In a case where

a base mat erAltiougl teacheiques for edmpénsating for pshertage of strengtinof @ reflectingideftesting
plate i referably fornmed .of either. .polyethyl.e naphthal af e .resi n-or

Doty caPtpatS eentenfledRfcidhe M B ik FraE e p e BB AT ERAE LY o
for |i @gBtn NoOS39-522 117 MhatjapMeECRathst Ng. 2856218 me%)f’ébmgmra@e néd reRgeditb @S| tion

tenperature of the reinforcing plate is pr.eferably'l 0 C or_higher.
Fur t hereibfoscemeand pHopipat hegls vaepior basklighiampy fos diffusing léghti eodlecting lightjand/or

cryst alref?e'c?iﬁ'g ﬁ%ht, as in the present invention.

SUMMARY OF THE INVENTION
An object of the present invention is to substantially overcome, or at least reduce, one or
more problems existing in the prior art.
A backlight unit is provided for use in a non-light emitting type display device such as a

liquid crystal display device.



+devi ce including the above nentioned backlight unit arranged onéTxLQMAR|2003
surface of a liquid crystal display panel is provided. In a cas ere the
backlight unit is of the light-up type to be used below the liquid crysta

di spl ay panel, the optical sheet is a_lsight diffusing optical sheet for
increasing the uniformty of lumnance of the light-emtting surface of the

Dokl O U e S TR, BTGB TEA BB "B B
the reishpfiGhdanPbHcal shedt THC Rassdsiftingt ight! frakit 2 HOUE G6urbé %@rgabth HOFPHidas €S

a plurality of juxtaposed |ine-shaped ITght sources and the reflecting
menber changpitetherlightye tarsperentrenforgingplatesingpamatesoatast with oae wimagn surfaces

reflectj at.e, syppar.t y the suppor late. .. 2. Z003 . BRI EF
besor P PR SpEs BRA e fledbbnir BB a R G LignPortisWi R B e p ST
and advaiHeag@SpLéntt oG Egelhteisavie MHat @i MEHtl frdie CRBglityoarcenR8sednthrdugh the
reference to the follow ng detail ed description of the invention taken in

conj un&enwpare teinferringplatsiases thguel Bfiontalisheskni ch: FIG 1 is a

g: :gls > 5”3133%5?&&1%5&%&" Ceitiftitng pidteC W hEdH 8RR for iR bF W infiht hAGhg MR
transmittance higher than that of the optical sheet and thermal deformation larger than that of the
optical sheet.

The optical sheet is a light collecting optical sheet for increasing a front surface
luminance of the backlight unit and the backlight unit further comprises a light diffusing optical
sheet arranged on a side of a surface of the reinforcing plate opposite to the side of the other
surface thereof on which the light collecting optical sheet is arranged, for increasing the
uniformity of luminance of a light emitting surface of the backlight unit and a flat light guide

panel arranged between the reflecting member and the light diffusing optical sheet for randomly

reflecting the incident light from the light source, within the flat light guide plate.



+~~ MR 2003 _ g _ FIG_ 2 is a cross section of a backlight un't?uWim03
the conventional display device; FIG 3 is a disassenbled perspective view
of a display device according to the first enbodi nent of the present
invention; FIG 4 is a cross section aofs a backlight unit used in the

di spl ay device shown in FIG 3; and FlI 51is a cross section of a

A T R e o e
will bgageasd itl@ﬁ’acicﬂgﬂﬁhﬁf furitfer SorhSiRE ‘ﬁlrb%?veHQiéhlﬂ?eﬂgcﬁﬁg Roe fdr! r@ﬂe@tidtgsli@t

di sassenbl ed perspeclive view of a display device according to the Tirst

enbodi mmitteddiom e light seurce taweed thiemnde ddge Bf (e 1ight guide pestlaped | i ght source 2

5o o 220 PRE Pl 59 B b ey BB Pt ] oGt agare
l'i neshaped {rhe&fhnsparthe Bickinks d‘g@ﬁﬁﬁ? BdadrPlidta6loNBRGRest. t erm nal 32 through
|l ead lines 33. Areflecting sheet is provided on one of mmjor surfaces of

the |ight gl aeassivehese 3 bageonaterisliof che enjichl siset is pulyester tesingtheaeinferping plate
surface thereof . On,the. othe and, a diffusing optical sheet 92 and a

S0l 1 achieRERY formed b EuRE POl lRiths rRafhA ki ER oL PMEBPORHE L por i o
surface of Pheichia@lf light tebspan@te df thd reeddcinghlate Toit iR frem ftes HEkE ovrdeese

conmponent s housgd In a housing 6. The light collecting optical sheet 41 is
st uck Rieferallyd0gnepapent reinforcing plate 71 of a material, whichis a

MAR 2ao0, ~' = LSt t:B% I; L, qu} di spl ay
panel 11 i st;é;rSrs érﬁfdggbngégf\}ge rz%t S ac{il%lkngfﬁ? EW%&:&#}%&? ?gﬂ?%gﬁ?%ﬁi 12 is
put on the Funhérthoee weéatiingi wparayspeanerl thel preferteiareivng ladlididd i @yslr disgleg on
a | ower, surface, of the . , . .
device including the above mentioned backlight unit arranged on a rear surface of a liquid crystal
display panel is provided.
In a case where the backlight unit is of the light-up type to be used below the liquid
crystal display panel, the optical sheet is a light diffusing optical sheet for increasing the
uniformity of luminance of the light-emitting surface of the backlight unit. The light source may

be arranged immediately below the reinforcing plate and



+5 backlight unit 10. These conponents are fitted in the housing 6 b&gﬁ 20%3
I|qU|d crystal display panel 11, conpleting the display device.

al t hough the reinforcing plate 71 is stuck on only the |light col ectlng
optical sheet 41, it is possible to sthck reinforcing 10 plates on both the
l'ight collecting optical sheet 41 and the light diffusing optical sheet 42.

FIG 4,.is a 0SSy Section f th ackll ht u | of: t p e i

The | | %WS%EQ% r?ﬁktfﬁpgslgﬁ FRE 3¢ g %rrF%‘g&ﬁ‘g ﬁl S|18e&%8g£ea%§’f H{ hielg‘]%(t ‘%drﬁ?l ght
gui de prRRShbIF, cokfprivhs (hhpllﬁalft9rdf9ﬁ1xﬁﬁpo§edr ¢ifié-6h dhhg’t& Qs and @R refleangdlg
high I1ght transmttance and functions to ran ~refl ect i nci dent
on t hemsmyer isdyefeygblihronstrmeted wjt a ginpee m@tﬁ@nd B w telﬂécmngq@a%rﬁé}pé@nqd Pht
sour cey E% éﬁfcent | anp such as a hot cathode tube or a cold cathode

t ube |s 28 y used. In order to efficiently guide light emtted from
the line-shaped Iight source 2 to the Iight guide panel 1, the |ine-shaped
| ight source 2 is partially covered by a light reflecting plate 3. A
reference nuneral 5 depicts a reflecting sheet arranged on one of nmjor 25
surfaces of the light guide panel 1 for reflecting Iight toward the ot her
maj or surface. The light diffusing optical sheet 42 for inproving 0~ ~
AR 2003 - 11 wuniformty of lumnance of the light emtting surface and the
light collecting optical sheet 91 for inproving |umnance of the front
surface are arranged on the display side of the |ight guide panel 1. One
surface of the light collecting optical sheet 41 is in intimte contact
with a reinforcing plate 71 fornmed of a material having high |ight

transm ttance and havi ng higher resistivity against thernal defornation
than that of the optical sheets, that is, a material having gl ass
transition tenperature higher than that of the optical sheets. Since glass
transition tenperature of polyester resin, which is a general nmaterial of
the optical sheets, is about 80C, the material of the reinforcing plate 71
preferably has glass transition tenperature of 100C or higher. For exanple,
pol yet hyl ene napht hal ate has gl ass transition tenperature as high as about
120C and |ight transmttance as high as about 900 in a case where the

t hi ckness of the plate forned of polyethyl ene naphthalate is 0.2 mm
Therefore, polyethylene naphthalate is preferable as the material of the
reinforcing plate in the present invention. Alternatively, polycarbonate is
al so suitable as the material of the reinforcing plate.



»The reinforcing plate 71 is stuck on a whole area of on the nagﬁﬂ $MAF&8@03
of the Iight collecting optical sheet 41 by a tackiness agent ch as
acrylic tackiness agent having high light transmttance. In doing so, it is
preferable to formthe reinforcing plage of a materi al p 7 MAR 2003 - 12
havi ng coefficient of |inear expansion close to that of the optical sheet.
Since coefficient of |inear expansion of polyester resinis 1.5 ~ 4.5 X
10-5, polyethyl ene naphthal ate having coefficient of |inear expansion of
1.05 X 10-6 ~ 6 X 10-5 is preferable as the material of the reinforcing

pl ate. Although the case where the reinforcing plate is stuck on only the

| i ght collecting opticaBRﬁMéEES@EUP%KNﬁ@MhTHEIWRAENENGSt is possible to
stick anoth rei nforcin .on e li |ffu5|n tlcal sheet 42
as vl | Si hEeabeve o Lot B et HS{jr BSOS IOF G PSR T e GoR

di T T us{,Qfpe Mﬁ% rélﬁqg' Rferbte tb'tﬁ@tfolfd%lhgqt.eiaﬂgd %§dr%bn%?€iﬁé inftEn@én
wel | as the Ilg using optical shee formed wth prisns or a
bead ctken it ¢m13urretmf1 ovithi theg agroatpanyisg dfavengein vanch:he ot her surface of the
optical she Vi ng . no su prisms.or bead.coat. Wen a dis levice is
ober ated" | ntlfFgh It dnpBrae b EIHRIATEGTF KA AF by CBoRHOh At Leah SBERE4Ee
sheet {R gg@eg%ere5|n is expanded. In such case, if a clearance between a
20 frame formed of ABS resin or alum numfor housing and protecting a
backlight unit and the optical sheet is small, the frame and the opti cal
sheet interfere each other and the optical sheet may be warped or winkl ed.
However, by sticking the reinforcing plate having high |ight



» 25 transmttance and resistive to thermal deformation on such ty
sheet, it is possible to prevent the optical sheet fronlbeinQUSngggg QQ?
hi gh tenperature and high humdity 0 ~ MAR 2003 - 13 environment or in

| ow t enperature environnment w thout degrading the effect of the optical
sheet to thereby obtain a backlight unit having uniform!| um nance.
Accordi ng the experinent conducted by the present inventors with using an
optical sheet conbined with a reinférgiﬁg pl ate of pol yethyl ene
napht hal ate, it has been confirmed that coefficient of |inear expansion of
t he conbi ned optical sheet and the reinforcing plate obtained by |eaving

t he conbi ned optical sheet and the reinforcing plate as they are for 240
hours in an enVilGenfehs dfcnaappecatire of 0@ ckIdghtinhdityusdd 800 and t hen
for 24 hours in an environpent of normal tenperature of 25C and hum dity of

60% or | owdt® iSTFeRtLORRY % SREAY. dRVERBUgh the thi cker the reinforcing

pl at e provi des e higher 1. f o} i.ng.:def t f, the
optical sheet, EIII:&gh'? tra%lsénﬁh‘ﬁsgﬁ%]g%? {)%géfééﬁlé)re %égﬁo%p%dd%l%y
correspondidiglos atherefeg eso e IreirBt O&ah St S £ aherg@é@m y thicker
than the optical sheet and has light transmttance not |ower than 90% Wen
the reinfoivengiphate is fornmed of pol yet hyl ene napht hal ate, the thickness
thereof is preferably in a range fromO0.15 nmto 0.5 nmand, nore
preferably, inFfCrafgesfd FtHS2 SARLEBN0°B #mRaqkliiodly BRipratdd d&l bal ance
bet ween neghanj.cal. _strength and li.gh ransm tfance thereof. It may be
possi bl e t%ﬁ?rﬁﬁﬁgégé ?%%g% r%hﬂﬁphlgf%%%éagbf?%%l sheet by making the latter

thicker. Howeverg,asshgel Ofoq0lestish &£ hadMliiGhti Snspitable as a
mat eri al 0O 7 MAR 200 - 14 for the optical sheet, 0.12 nmthick has |ight

transm t t asnss @ nlgowo ashea biiond0 ¥mbbllihéet tdf akirepzetbet edivérstiiancr eased

further nore in order to obtain a desired nechanical strength, |ight

transmittance tDHEPAASED| BESGHISITLON QF| JHE oRREEHRREY &MPEDEMENTHi ch can not be
resent invention

accepted practically. Next, the second enbodi nent of .th

will be descriﬁéﬁ R%Fﬁe?%f%ﬂ%ﬁﬂﬁéopowﬁgﬁib%. %ﬁﬁ¥4§§90ﬁ8 gﬁ%&ﬁﬁrﬁ%ﬂp is an

exanpl e Ofré%éygﬂégiQgttHQiéréuiﬁ%@Q %&ahtB is a disassembled
perspective view of a display device according to the first
embodiment of the present invention. In FIG. 3, a line-
shaped light source 2 is provided along a side edge of a
light guide panel 1 and the line-shaped light source 2 is
partially covered by a light reflecting plate 3. The line-
shaped light source 2 is connected to a connector terminal
32 through lead lines 33. A reflecting sheet 5 is provided
on one of major surfaces of the light guide plate 1, for
reflecting light toward the other major surface thereof. On
the other hand, a diffusing optical sheet 42 and a
collecting optical sheet 41 are provided on the side of the
other major surface of the light guide panel 1. A backlight
unit 10 is formed by these components housed in a housing 6.
The light collecting optical sheet 41 is stuck with a

transparent reinforcing plate 71 of a material, which is



- up.type. A plurality of line-shaped |ight sources 21 to 24 such gas
fluorescent | anps are juxtaposed between a white reflecting pl atvﬁﬁ/w g; .
light diffusing optical sheet 43. The white reflecting plate 7 is suﬁ% r?@9§
by a support plate 8 and reflects lighgs-fromthe |ine-shaped |ight sources
21 to 24 in one direction. The light diffusing optical plate 43 is provided
to make | um nance of lights fromthe |Iine-shaped |ight sources uniform
Furthernore, a transparent reinforcing plate 72 is stuck on a rear surface
of the Iight d[ffusing optical sheet 43 (opposite to a beaded surface

t her eof ) rB§iating 5ot GBRIMadsdadenmation.s Apldmyighicyy sda Inshitardread
previously, that the reinforcing plate is formed of a material having
nmechani cBRP8Lr dhgth AFGRBECEHAROVRBathEf PRRELAOHN Vit U fSbpti cal sheet,
that is, _higher resistivity against_ defqormation than that of the Iight

i 11 us GBRET CALCLHebe. LEVBHCASh FBE dRsige CTYSIA KYIHE BTl at e or
pol ycar bonat e. _As_angt her terial _of the reinfarcin | at e, i,.ch can be
Dop 1 od, 1s & EPrhaRiagy, T3 §5' xrBpakdl oh rodBdine lf ok Shntth o
Portions i ght di KT us| opt. e 3 A i the vicinity
of %he |P%é¥§g§%gdgﬁﬁéh?6§oﬁb§g§ g%hgghnggnér%afﬁﬁééﬁgqghinebrcing pl ate

| ocat ed i hat gl ¥ 2BQV he, LiLRg- i 1SQUE arg expanded by
heat gen2§g$g§8b§ ?ﬁegﬁigﬂ% séhkcgs?Qggggﬁngqgkkgﬁp&#ﬁﬁi g@”to be occur.

However , -Bipust Dgt BRer 81 8HORGI BEVRLAL € 132 FEUCK O 1tk ddrOhinedli f f usi ng.
optical sheet as in this enbodinent, it is possible to restrict generation

of wrinkkesntbrehfgoptheal 73hest stAskdenconhed the dalgid deaneidteipre,
according to the present invention, it is poSsible to restrict defoormation
of an opbpeatatherteby4sti ¢ki ng poseibller congtplcat & diamMiorginrchani cal
strength resistive to deformati on due to expansion of the optical sheet
undier hi ghateapenabatk &hd highthopildetyiegviopaimendt sdveeshrdlnleage under | ow
tenperature environnent on the optical sheet. Furthernore, according to the
present theehigbh, diffisipgsebblieatosheké 426l ear ance bet ween the opti cal
sheet and a frame for housing the optical sheet small conpared with the
conventional bBERFi §hisuni €ro§6 BREL1ORe ofi £beobackd Uedidk ungit afit can be
reduced. Therefore, a conpact and thin display device can be provided.
AIthoughtFﬁepHF§EP§y18¥§ggé°ﬁavFH6 &iPeqErarery digh tdisonrsp ﬁgﬁéi has been
descri bed, the hacklight unit of th resent .i,nyentiqgn can b npl oyed in
on ol cor RFESORGH B AnSRBCERPE BRI EHBaiyod LiABY g ds froma

Eg%%r?;?ﬁ%?cgai%p??ggFag%§e¥h%%F&§r%hghrggihgiﬁﬁéﬁ?rb%%klg Q%ﬁﬁ$lgource and
gi ving aﬂiQRtiﬁahtcgégﬂgmﬁgtance and functions to randomly reflect
light incident on the side edge within the light guide
panel 1. As the line-shaped light source, a fluorescent
lamp such as a hot cathode tube or a cold cathode tube is
20 usually used. In order to efficiently guide light emitted
from the line-shaped light source 2 to the light guide
panel 1, the line-shaped light source 2 is partially
covered by a light reflecting plate 3. A reference numeral
5 depicts a reflecting sheet arranged on one of major
25 surfaces of the light guide panel 1 for reflecting light

toward the other major surface.

The light diffusing optical sheet 42 for improving



the light; a transparent reinforcing plate in intimte contact w
maj or surfaces of said optical sheet; and a reflection nenber for‘jh? (MAR)?'U[B
reflecting the light emitted fromsaid |ight source to said transparent
reinforcing plate such that the light fromsaid |light source passed through
said transparent reinforcing plate passes through said optical sheet. 2. A
~backlight unit as clainmed in claiml1l, wherein said transparent reinforcing
plate is formed of a material having Fght transmittance and gl ass
transition tenperature higher than those of said optical sheet. 3. A
backlight unit as clainmed in claim1, wherein said optical sheet is a |ight
collecting optical sheet for increasing a front surface | um nance of said
backl i ght uniformity er lopipanse ngf ahlel ghthdi ériilist ingy epirifeaté aibet arranged
on a side of a surface of said reinforci n% pl ate opposite to the side of
the ot her $BffhtE % HOLA6FtHRI vbREiradaishertght EOF |iemtoNgnepti cal sheet is
arranged, flgﬂlii nerea 'r%% t gOHQifor ity of |um nance of a li%h]}' emtting
surface of “ERFWPHEEKG JRE GRPTT aitf S A6 %1 fHRG &8 ShRef B 1Bhged

bet ween saidqgebt aqld N9 gReMBEIaaNshal 4 | babt s #{451039 the 01 ZyMAR 2003
optical sheet for randomy feflecting the incident |ight ?rom said |ight
source, W tbibestwirdy fdpatichi ghiieqguide ipaneal indindtdaniltiaght with ta as cl ai ned
3 wherein said light source is a |line-shaped |ight source arranged on a

si de edge &finBerringmlagai db pamrdd fodr ehaptedhpk ilsivigahéak vt ght
reflecting gl ate for reflecting light emtted fromsaid |light source toward
sai d side EGPRSBYTENE AP hPaﬁﬁf%é’%ﬁiﬁa reALHELY T ROARPE BRI med i n
claims3, VWBEEEHIa Sl chafNkn2OWERNS opdbhNpeliARed Lt 0L spurce ar ranged
on a side edge ot sal d Ti ght guide pangl, urther conprising a curved |ight
refl ecti ngmptat£af Aaviehl gChé NG Hd Gt ieRi tERge FAMSAiGhbightasour ce toward
said side edge of said light 5. A backlight unit as clained in claim1,
wher ei n saicdatrephftdreciopgipbat ehéest st uck on said optical sheet by a
transparent tackjness agent. 6. A backlight unit as clainmed in claimb5,
wherei n said traRFardditst RERF HesiPdeRPerataes 2§ eHaeRtAesEeRgent. 7. A
backl i ght H’Hi.thas al_ned ein a terial_of said

. ch Ts cl enera&nmgééa‘riingll’of\l\'@ggg t cabla.ss e 15.abqut
opti cal shéet“i's poﬁ fester r'EST A dhd “saitd®r & nfGrei n§ Pat €% %5 or med of

ei ther pol getByl€Ne material of the reinforcing plate 71 preferably
has glass transition temperature of 100°C or higher. For
example, polyethylene naphthalate has glass transition
temperature as high as about 120°C and light transmittance
as high as about 90% in a case where the thickness of the
plate formed of polyethylene naphthalate is 0.2 mm.
Therefore, polyethylene naphthalate is preferable as the
material of the reinforcing plate in the present invention.
Alternatively, polycarbonate is also suitable as the
material of the reinforcing plate.

The reinforciné plate 71 is stuck on a whole area of
on the major surface of the light collecting optical sheet
41 by a tackiness agent such as acrylic tackiness agent
having high light transmittance. In doing so, 1t is

preferable to form the reinforcing plate of a material



- naphthal ate resin or pol ycarbonate. 8. A backlight unit as cl ai med in claim
1, wherein light transmttance of said reinforcing plate for ST ‘BR 2003

said light source is 900 or nore. 9 A backlight unit as clalne i'n'c

1, wherein glass 0 7 MAR 2003 - gransml on tenperature of said

reinforcing plate is 100C or hi gher ?[ A liquid crystal display device

conprising a liquid crystal display panel and a backlight unit clainmed in

claim1l1, wherein said backlight unit is arranged on a rear surface of said

liquid crystal display panel integrally. 11. A backlight unit as clained in

clai m 1, hatvéngi woedifd cdenitcalf dHestar sxpdrigilnn difdssithy Opat caf sheet for

increasing the uniformty of |lumnance of said lightemtting surface of

sai d baclepitgieelumheeind Sdaice |dopfif isdende dfs ldmeamgetkpamedtrtefy bel ow

said reinforcing plate and between said refl ecting nenber and said

r ei nf or cPRGYSISAEE. TESInALSadklSi ght? -hi X &8 ol ALY E8RE m 11 V\,her ein

d l'ight rce.includes a plurality of_ j.uxtaposed |ine-sha i ght
gghrcesggﬁgﬁgglg ﬁ@@FPﬁgcﬁé éFl@§%b6H%¥%Hﬂﬁ HRINSE LY : Igte and

53 Lo g o g S g B SPR B o
] cal ca 02 a calcalc
n3. Ay.. F g]gcagj\ﬂ.‘g] %gf}t sni ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

a]ca]ca]ca ca]ca]ca]ca]ca]ca]ca]cTa]c&a]cal)La

Vi mhc?
| ] oa] cal ok Eal S oo O] CoaTCs] A as] Cha R e g Jereasaaleal el ca
6111 C' [ " brsBhd yZ ]&%ah_g_%}ﬁa]c%q]l%@tq_%]gc 1A %f%l é‘e @] £ ﬁ]lcba] saleal gal cal cal ca

]ca] ca]cal ca] ca]c(a] caJca] ca]calca]c&ajcalcal ["

$35$$&&" #DBELEA'," 't i Geiblle) th) Nth&swadm%]rﬂecxa]ﬁeah]rpﬁfc%]rcga]M@@] ca] ca] ca
] ca] ca] ca] c(a] ca] ca] caJ ca] ca] ca] c&a] c&a] ca] ca] c(a] ca] ca]calca]ca]ca]ca]calN
-[4b-J. . o/ khe0lGGDOR1 HAZZ1371 33 4444 520k 6o AN 2wameded] ica]sialea] ica] cal ca] ca
] ca] ca] ca] ca] ca] ca] cOa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
aV] c(a! N7e7v308339%%@9%0e: pu@posed cf<ddfght<¥mli,ection or light

=n==>| >J>{ >} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] capéifusjion) c fhe&apoa] sadalceajodaltda] dalgt <o RBBBIAESICDDDDDEE
EEEEE#FZFFFGGEG xsni d_ Zggca]ca cag g al ca ca]ca]ca]ca]ca]ca]ca]ca]ca]c*a]ca
] ca] ca] cahesfcélicapc#pdd] ea] dapcaf Sda] % FRG I cafl> FRe KA Lig $vh OO0P

YPgP{ PPP RS1St UY| wr mhe”
il s SRR SERRSE TSR e

cal Ca] ca caf“%“”awf%”e”%sf B ) S e eapth ] caroafia g e g ccalcalca)
Z[ *[\ a] b2 X7 Zlxshid_Z]]ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca]
ca]ca]cangFgg?ca Fczﬁggﬁzc%cgfca]ca]ca]c(a]ca]ca]ca]ca]ca]ca JOkCcE
@o%& ()- 10Aﬁﬁeﬁ)a display device is operated in high temperature
and high humidity environment, an optical sheet formed of
resin is expanded. In such case, if a clearance between a
20 frame formed of ABS resin or aluminum for housing and
protecting a backlight unit and the optical sheet is small,
the frame and the optical sheet interfere each other and
the optical sheet may be warped or wrinkled. However, by
sticking the reinforcing plate having high light
25 transmittance and resistive to thermal deformation on such
optical sheet, it is possible to prevent the optical sheet

from being deformed in high temperature and high humidity
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environment or in low temperature environment without
degrading the effect of the optical sheet to thereby obtain
a backlight unit having uniform luminance.
According the experiment conducted by the present
inventors with using an optical sheet combined with a
reinforcing plate of polyethylene naphthalate, it has been
confirmed that coefficient of linear expansion of the
combined optical sheet and the reinforcing plate obtained
by leaving the combined optical sheet and the reinforcing
plate as they are for 240 hours in an environment of
temperature of 60°C and humidity of 80% and then for 24
hours in an environment of normal temperature of 25°C and
humidity of 60% or lower is 0.3 ~ 0.9 X 107°.
Although the thicker the reinforcing plate provides
the higher the effect of preventing deformation of the
optical sheet, light transmittance of the latter is lowered
correspondingly. Therefore, the reinforcing plate is
preferably thicker than the optical sheet and has light
transmittance not lower than 90%. When the reinforcing
plate is formed of polyethylene naphthalate, the thickness
thereof is preferably in a range from 0.15 mm to 0.5 mm and,
more preferably, in a range from 0.2 mm to 0.3 mm in view
of practical balance between mechanical strength and light
transmittance thereof.
It may be possible to increase the strength of the

optical sheet by making the latter thicker. However, a

sheet of polyester resin, which is suitable as a material
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for the optical sheet, 0.12 mm thick has light
transmittance as low as about 90%. If the thickness thereof
is increased further more in order to obtain a desired
mechanical strength, light transmittance thereof is
substantially lowered to a level, which can not be accepted
practically.

Next, the second embodiment of the present invention
will be described with reference to FIG. 5. The second
embodiment is an example of a backlight unit of the light-
up type. A plurality of line-shaped light sources 21 to 24
such as fluorescent lamps are juxtaposed between a white
reflecting plate 7 and a light diffusing optical sheet 43.
The white reflecting plate 7 is supported by a support
plate 8 and reflects lights from the line-shaped light
sources 21 tQ 24 in one direction. The light diffusing
optical plate 43 is provided to make luminance of lights
from the line-shaped light sources uniform. Furthermore, a
transparent reinforcing plate 72 is stuck on a rear surface
of the light diffusing optical sheet 43 (opposite to a
beaded surface thereof) by using a tackiness agent. It is
preferable, as mentioned previously, that the reinforcing
plate is formed of a material having mechanical strength
higher than that of the light diffusing optical sheet, that
is, higher resistivity against deformation than that of the
light diffusing optical sheet, such as, for example,

polyethylene naphthalate or polycarbonate. As another

material of the reinforcing plate, which can be applied, is
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light diffusing optical sheet 43 arranged in the vicinity
of the line-shaped light sources 21 to 24 and having no
reinforcing plate located immediately above the line-shaped
light sources are expanded by heat generated by the light
sources, causing local wrinkles to be occur. However, by
using the reinforcing plate 72 stuck on the light diffusing
optical sheet as in this embodiment, it is possible to
restrict generation of wrinkles in the optical sheet.

As described in detail hereinbefore, according to the
present invention, it is possible to restrict deformation
of an optical sheet by sticking a reinforcing plate having
mechanical strength resistive to deformation due to
expansion of the optical sheet under high temperature and
high humidity environment or shrinkage under low
temperature environment on the optical sheet. Furthermore,
according to the present invention, it is possible to make
a clearance between the optical sheet and a frame for
housing the optical sheet small compared with the
conventional backlight unit, so that the size of the
backlight unit can be reduced. Therefore, a compact and
thin display device can be provided.

Although the display device having a liquid crystal
display panel has been described, the backlight unit of the

present invention can be employed in an electric sign or an

electric billboard of the type lighted up from a back side.
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an optical sheet for transmitting light from a light source and giving an optical change to
the light;
a transparent reinforcing plate in intimate contact with one of major surfaces of said
optical sheet; and
a reflection member for reflecting the light emitted from said light source to said
transparent reinforcing plate such that the light from said light source passed through said

transparent reinforcing plate passes through said optical sheet.

2, A backlight unit as claimed in claim 1, wherein said transparent reinforcing plate is
formed of a material having light transmittance and glass transition temperature higher than

those of said optical sheet.

3. A backlight unit as claimed in claim 1, wherein said optical sheet is a light collecting
optical sheet for increasing a front surface luminance of said backlight unit, further comprising a
light diffusing optical sheet arranged on a side of a surface of said reinforcing plate opposite to
the side of the other surface thereof on which said light collecting optical sheet is arranged, for
increasing the uniformity of luminance of a light emitting surface of said backlight unit and a flat

light guide panel arranged between said reflecting member and said light diffusing
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optical sheet for randomly reflecting the incident light

from said light source, within said flat light guide panel.

4. A backlight unit as claimed in claim 3, wherein said
light source is a line-shaped light source arranged on a
side edge of said light guide panel, further comprising a
curved light reflecting plate for reflecting light emitted
from said light source toward said side edge of said light

guide panel.

5. A backlight unit as claimed in claim 1, wherein said
reinforcing plate is stuck on said optical sheet by a

transparent tackiness agent.

6. A backlight unit as claimed in claim 5, wherein said

transparent tackiness agent is acrylic tackiness agent.

7. A backlight unit as claimed in claim 1, wherein a base
material of said optical sheet is polyester resin and said
reinforcing plate is formed of either polyethylene

naphthalate resin or polycarbonate.
8. A backlight unit as claimed in claim 1, wherein light
transmittance of said reinforcing plate for light from said

light source is 90% or more.

9. A backlight unit as claimed in claim 1, wherein glass
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or higher.

10. A liquid crystal display device comprising a liquid
crystal display panel and a backlight unit claimed in claim
1, wherein said backlight unit is arranged on a rear

surface of said liquid crystal display panel integrally.

11. A backlight unit as claimed in claim 1, wherein said
optical sheet is a light diffusing optical sheet for
increasing the uniformity of luminance of said light-
emitting surface of said backlight unit and said light
source is arranged immediately below said reinforcing plate
and between said reflecting member and said reinforcing

plate.

12. A backlight unit as claimed in claim 11, wherein said
light source includes a plurality of juxtaposed line-shaped
light sources and said reflecting member is constructed

with a support plate and a white reflecting plate supported

by said support plate.



