USOORE45879E
(19) United States
12y Reissued Patent (10) Patent Number: US RE45.879 E
Urano et al. 45) Date of Reissued Patent: Feb. 2, 2016
(54) LIGHTING UNIT, LIQUID CRYSTAL USPC ... 362/600, 615, 617, 621, 628, 634, 625
DISPLAY, AND ELECTRONIC APPARATUS See application file for complete search history.
(71) Applicant: SEIKO EPSON CORPORATION, (56) References Cited

Shinjuku-Ku, Tokyo (JP) U.S. PATENT DOCUMENTS

(72) Inventors: Nobutaka Urano, Chino (JP); Yoichi

Momose, Matsumoto (JP) 7,359,614 B2*  4/2008 Chang ........ccccoceeeveee... 385/146
" 7,750,990 B2*  7/2010 JEONE .vvvvoeeeeeereereeerennn. 349/58
. 8,066,393 B2* 11/2011 Takahashiet al. .......... 362/97.1
(73)  Assignee: %E;YK%EfSON CORPORATION, 8,408,777 B2* 4/2013 Kuwayamaetal. .......... 362/616
OKVO
(Continued)

(21)  Appl. No.: 14/199,360
FOREIGN PATENT DOCUMENTS

(22) Filed: Mar. 6, 2014

JP A-2002-8426 1/2002
Related U.S. Patent Documents TP A-2005-285535 10/2005
Reissue of: (Continued)
(64) Patent No.: 8,454,221
Tssued: Jun. 4, 2013 OTHER PUBLICATIONS
Appl. No.: 13/548,755 Dec. 7, 2012 Quayle Action issued in U.S. Appl. No. 13/548,755.
Filed: Jul. 13, 2012 (Continued)
(30) Foreign Application Priority Data
Primary Examiner — James Menelee
Jul. 25,2011 (JP) oo, 2011-161710 (74) Attorney, Agent, or Firm — Oliff PLC
(51) Int.CL (57) ABSTRACT
F21V 7704 (2006.01) An end of a light guide plate used for a liquid crystal display
F21V 5/00 (2006.01) and a lighting umit, which 1s positioned on one side 1n a first
(52) US. CL direction, 1s provided with a depressed portion, and another
CPC . G02B 6/0088 (2013.01); GO2B 6/0043 end of the light guide plate, which 1s positioned on the other

(2013.01); GO2B 6/0045 (2013.01); GO2B side 1n the first direction, 1s provided with a projecting por-
6/0065 (2013.01); GO2B 6/009 (2013.01); tion. Using the depressed portion and the projecting portion,

G02B 6/0036 (2013.01); GO2B 6/0055 the light guide plate 1s placed 1n a predetermined position of
(2013.01); GO2B 6/0068 (2013.01); GO2B a frame body. The depressed portion and the projecting por-
6/0085 (2013.01); GO2B 6/0091 (2013.01) tion are formed at positions opposite each other in the first

(58) Field of Classification Search direction, and the projecting portion 1s equal to or smaller
CPC .. G02B 6/0011; G02B 6/0015; G02B 6/0035; than the depressed portion in size.

G02B 6/0036; G02B 6/0045; G02B 6/0088;
GO02B 6/0038; G02B 6/0043 19 Claims, 8 Drawing Sheets




US RE45,879 E

Page 2
(56) References Cited 2013/0051077 A1 2/2013 Cho et al.
2014/0119054 A1 5/2014 Cho et al.
U S PATENT DOCUMENTS 2014/0347887 Al 11/2014 Cho et al.
8,511,882 B2* 82013 Wuetal ..ooccovvvvverenn.. 362/616 FOREIGN PATENT DOCUMENTS
8,525,946 B2* 9/2013 Jungetal. ...cocovvvevvennn.. 349/58
8,681,290 B1* 3/2014 Hufnageletal. ... 349/62 JP A-2005-315957 11/2005
2007/0127261 Al* 6/2007 Anetal. .oooovvivvvevenn., 362/608 JP 2008-298905 A 12/2008
2007/0159845 Al* 7/2007 Hirotaetal. ..oocvvvvn..... 362/600 JP A-2009-69714 4/2009
2007/0223253 Al 9/2007 Sakai et al. JP 2011-04027s A 2/2011
2008/0297687 Al  12/2008 Watanabe IP 2011-119218 A 6/2011
2009/0268122 Al1* 10/2009 Takahashi ........cocovviniin, 349/58 OTHER PUBRI ICATIONS
2010/0271568 Al* 10/2010 Jungetal. ...cococovevvnan.... 349/65
2010/0302807 AL* 12/2010 M1 .ovviiiiiiiiiiiinn, 362/619 Mar. 19, 2013 Notice of Allowance 1ssued in U.S. Appl. No.
2011/0038178 Al 2/2011 Kuwayama et al. 13/548,755.
2011/0128756 A1 6/2011 Cho et al.
2012/0294579 A1* 11/2012 Chen ..ooovvvvivveieiniiinnns 385/130 * cited by examiner




U.S. Patent Feb. 2, 2016 Sheet 1 of 8 US RE45.879 E

T~ 2010

>
Sk | )
LI : a0
z2| ) DISPLAY PANEL  804—1]
| : 10¢ : 48
= : '
= : 102 801, 80a | B
7 : . | .89
. | T
LIGHT SOURCE 4} ' / 280
101" DATA LINE DRIVE CIRCUIT (

il

1 LIGHT SOURCE

21 ()



U.S. Patent Feb. 2, 2016 Sheet 2 of 8 US RE45.879 E

FIG. 2A 8 /

L 10 550 55
/




U.S. Patent Feb. 2, 2016 Sheet 3 of 8 US RE45.879 E




U.S. Patent Feb. 2, 2016 Sheet 4 of 8 US RE45.879 E

FIG, 4A

100 100a_

J; 90 313

N, 55 63 00 M0 550 | 10
Y/ 882 |62 881 \ {301 /392 \ 14 11 13 12

N | 1780b
{ q {wwwnm

IVl P i oo s PR

A [ O A aeliadd = = == D5 = 2= L AT N W SN ST i ol LTI
uh

. 3 W AR W N AT L Vi

I S i SO 7

.'...“f.“".‘..'".ﬁf‘ el o P L F g b F g g g g E T T
L % 8 = ' " N T "N T W' WL V. T S . v, S, L . . N T T Y W
i g ot i G GF g g gt F b Fad K R A K e A e T e

\/

Ve, éﬁ“

311 :h T . L A AL WL WY
‘& o ﬂ_au!"!&ﬁﬂ. -“s---’ r‘m -
45 /312 | 90 80c187 86

y
40,9 490 120

i

F1G. 48

N W 892 gl 10 B
\v o7 TETRTE A R
335 A o
i +_:._"' F d : # ; 4 j"‘i"':“':i' _T’_ #_:.. 184'5
= 183
0, 30, 33 e
[ 5’8
331 .
43 - . |
/ o 32 | | 80c 187
90, 92 / 40. 8 9 120 éo %6
95

803, 803a



U.S. Patent Feb. 2, 2016 Sheet 5 of 8 US RE45.879 E

FIG. 5A X e
8 X Y1

88 89 89




U.S. Patent Feb. 2, 2016 Sheet 6 of 8 US RE45.879 E

FIG. 6 Y3>*/ég<3




U.S. Patent Feb. 2, 2016 Sheet 7 of 8 US RE45.879 E

N R N N BN OOE EFN B B N N EF N F B EFE B EFE E N BFE B E ETETERE T
BN DAL B My Bl el et el i el bbed wEmE anly i wepln sy Mgy Rl S




US RE45,879 E

Sheet 8 of 8

Feb. 2, 2016

U.S. Patent

F1G. 8

80

A
bl L LAL L

L M Fl:l‘_.

L
-f.— o N iy
- L L A 2 ma L
.lnu Il..-l.-..l o g P ._..I.I .
F‘Fhﬁhﬁ”
B o e e W e
- - [} +
.r ...u_._.._.- LR "

- L |

1.l|-.ll...|l.l||l.l_il|!.|_1.-_.-|lf T.i..l'.—l.llll..l.'kl.lll‘lhllIIll.II
— =t T — A r s r e m s T mom e N ekl N kel A& ow sk o=
.rrlrll...-.llulhl.l..l..tIFF+.IH|II..-..-|II..-J.|1.I..I.I.I.IIII -
ll.l-.ll.lli.-_IlI-.l_.ll-iI i|l"lll.ll|.rl-|.-..n._l-rl
g i N o R ol el T e ] Y e

Ir el & = o = u - = rwyry i7"~ TF Fh=p 4" =44
!r‘11!q!"l-'hr ;1"ili'll‘llﬂr*+
-I|l|lll.lh.!.|-.ll.-_l..l.||-.l..-l..-. ..-.-..-.-u!.l_.l.ll.lll.i_-!l

e T - ———— |
ailarny H... LA 1“1“.+.ﬂ....".q“._ “!”.r“.-.“-.“l“.-”..-_.“ !I--ﬁ g iy gy By gy Sy glp- Sty M My e B
ELAM E+E LR L4 2h b hm bbb a vl m et amerram3s s RS ®
R R = = mEmmEnapy Ny oy o rﬂ#ﬁrﬂﬁqlﬂwqd1—ll
T e R e b e |.-.|-.‘ g R, A e T.qu1Ih.

-m L immL L pm

nL.I.l.ul o L.I.-.-Tul.l..l - Tlll.l.l-..lh llll!.l.- LI e e et i il s |L-I.nl T- t+ T =~
- wirlkras s P sk mmLsmra e [N LAl g rETE R
r&quuuhuiu“uﬁuhnLliff}l‘Jﬁqp1|IJ|lllll
-..-..-Erl.-.l I-uLl.r - l..!ll.r. H N N

- = ko [ B
p+- vy rFrawpp—r |.|li..jll!lfl+—_1i-.-11+.-_

ol b B k Be BT & oo oon on ol o s o o - o W m EREm ® EpW W R F L W §

L LA AL T L L

-.-r.l.-llh-. l-IulLI F.r._l.r|l- lI- !_l.lth -I.l.h.l- T.I.L. Il..lll.l.l.l.lul!.l l-_.".I.
Ererﬂﬁfrﬂﬂrcll;k.rﬁﬁﬁJﬂﬁﬂthrlﬂfrﬂﬂrrrrﬂ
A A B TN R N el e R e RS T N
k1 ..-.II.I [ ] - E FyE m F NS e L ] Al I sm b B o= i Rl 1
m e i B MR l-lulll...ln.-.-..l-rr-_r-l.-.l-...l-.l AL
2 A B ERETENNETERE] ||1l.1||1l.-1.lj.l.1rr1.|||-_ s = m m mm mk oy wm g ow _-.L.i

S R e b e m e e A R 4 ey

I.Ill.l_l._l.-ll_i.-_lr.lr ll_l....ll-_l-l l-ll.l-l.l.l...l.ll..r.l.lIu.-.l.
Fama g ey AR Pl ot m ks rmmmnf h R Ee s
v”wuﬂw?F*:?“th}iihuﬁzuﬁ%ﬁﬁ“ﬁﬁ%}hﬁhuﬂrhﬁ

T EE BN BN BN . e o . Rk =k hh koo kLR
IllliilhlrllLrhhuﬁhHuhrrlF4|1|14i4l1‘I'

e m mwr -|l|l.l_ll . -lll..l_- » 1 I-.- T.-_ I . 1‘-.1-.1.].-.1”? l_I- 1.-. N .}.—_.l- .-.Tl|.1.ril " ] _.I.ll‘.F ]

LE . L R ElL LAl e L T T FT T T E R A ke B
Hogm Bl ook oy g e W e maramE LY LN L E L ERL L LR L

L]
+ 2 A PRE4-rt A r—rarkFkFerasasnsrs WM B B e B ok & gk dy o

T T T YT T T T T = A L L Y W gy iy i
=y LR Rt ek o b m e s mr A r pma e
" EFE I EE EE L I NS W EEELas.s L L AL E A L L - — g T
dF hmor s rrolaass S ap S ek g g Ew TmoE R
T ke B R TE TR e h e e e
_.l.lI. l. L..-..-.u.. T !+-. L g o r L N -t-u-ll.-.-.l .I-..I L I R rHr”.-..l.-.II.
.1.-I JT1.1I |-.!—_- !1 l.-_l l.1.l- n -.r_- iy I-T-lil L, il iy o _ .-.rI.-l_ -..1—.1 - u —h

H BN FIELE LS E LS L)y r iy ar e T s AW A

bllll'lll‘tf.l'l.ll._|llhl.|ll.1l_l.-.l.ul.l.l..rL..l..l.
D -..l-..‘.llllrlul'llb T‘l‘.llrl.l |l"ll'l.l - - -I 'I'|l1l]‘iqlllllli.||'.-i-|. 1"“.* Jl"“.|-.| Il
_ T T e e e T e T e e

f'-.lll'l...-l-.r‘.IuI1_-..||1Jll._.!-..rl.-.-.-.!r.J..l.l.l.l.llull
e o _-.|l " 1‘:1.-1.-. -_.-.F_l.l.- I\I _..FII..-. L.l-r " -..1— lf-.II‘..J— ‘.-..-. -_J.l._-.—..n.r.-.l
r.l.l|l|-||.r.|-._lr|ll|-|r||.—.llh -. m .Ilh.l.ull.l.lll.l.l.llll 1.lh|.-..l.l.l 1'.-.;...-..-. _.I..-.I_N-..II_._ d v o

l.lrul-lh r||.l.l.i.I. l_l-r.ll..lvlur.l".l.“ .I.I.ul.hl'l -l.-..l.l.l.......l.l.lu..fli.hl‘u.u! T -ulhl-l+l-1|_.||.l|“.-.”.-.H T e .

l.!_lu..llul. Hl.-l-”i.-l.l .ll!.-.l.ll.1.lll.1.|- ] 1l||-§.il.-_1.l||lll..ll..l _.l. . ”. 1 ..hl- lfIinl-.... '+ ”_ - ”.Ilfl —.l l.“ ..-.|1r ”i-llll-

-muﬁwhmmwummmnmmm”hhuhhublh“EﬂTJmturhvucﬂ

L) l.r” .;.ITi- 1 ol =tk .-.-.' - |+.|-.l. |l.1l._-..l.r-.r..‘..l|h.I- Il.l.."1 n"n .11.-.- |1.-.+|—-.|T|..rl_.q ll

o ] LW e ot ol B o e | oge hy pmageage T T BN " FLAN A L _FENERW

u i lihﬂ'hﬁ LI L N Ry B [ Mg, u Pt r-+w—  auw— & - T
n 4 T T N

e e e S H..q_.l..luq.....lrl..-._.-.._......_.l. L AT e ey

A NN RN Nl . ol Ik of b g "l e m
I FLE N ERFN Fh.l.I.-.I.Fl_.l.l.Iu.-n-.-i..rfJ.i.—.I|lu_..lu.-. T T N BT N N B K e B

Lo e e o S T o L e ”I.. L R0 ...4..“._.H...” Al

B B E ey e W WS PN aa LERL " L L= =

801




US RE45,879 E

1

LIGHTING UNIT, LIQUID CRYSTAL
DISPLAY, AND ELECTRONIC APPARATUS

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

BACKGROUND

1. Technical Field

The present invention relates to a lighting unit provided
with a light guide plate and a light source, a liquid crystal
display provided with the lighting unit, and an electronic
apparatus provided with the liquid crystal display.

2. Related Art

A liquid crystal display provided with a transmissive liquid
crystal panel includes a lighting unit in which a light source 1s
placed on a side of an end of a light guide plate, the end 1s
serving as a light incident face, and the liquid crystal panel 1s
placed so as to be stacked on a light emitting face of the light
guide plate. In this lighting unit, the light guide plate and the
light source are held by a frame body. As an example of
placing a light guide plate in a predetermined position of a
frame body, JP-A-2002-8426 discloses a structure in which
projecting portions are formed 1n opposite positions at the
both ends of the light guide plate and the frame body 1s
provided with depressed portions imto which the projecting,
portions are fitted.

In order to reduce the costs relating to the light guide plate,
it 1s preferable to cut a plurality of light guide plates out of a
large translucent plate material. At that time, it 1s preferable
that remaining material portions, which remain after cutting,
the light guide plates out of the large plate material, be small.
However, when projecting portions are formed 1n opposite
positions at the both ends of the light guide plate as in the
structure described 1n JP-A-2002-8426, the projecting por-
tions cause wide gaps between the regions to be light guide
plates that are cut out of the large plate material. As a result,
the remaining material portions that remain after cutting the
light guide plates out of the large plate matenal are large and
the plate material 1s used 1nefficiently.

SUMMARY

An advantage of some aspects of the invention 1s that a
lighting unit, a liquid crystal display including the lighting
unit, and an electronic apparatus including the liquid crystal
display are provided while reducing remaining material por-
tions when a plurality of light guide plates that have project-
ing portions and depressed portions for the positioning are cut
out of a material 1n the form of a large plate.

A lhghting unit according to an aspect of the invention
includes a light guide plate, a light source that 1s provided on
a side of an end serving as a light incident face, and a frame
body that holds the light guide plate and the light source. The
light guide plate includes a depressed portion that 1is
depressed from a first side of the light guide plate in a first
direction, and includes a projecting portion that projects from
a second side of the light guide plate in the first direction, the
second side being opposite the first side, and that 1s formed at
a position on the second side so as to be opposite the
depressed portion. A length of the projecting portion 1n a
second direction that crosses the first direction, the first and
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2

second directions being in-plane directions, 1s equal to or
smaller than a length of the depressed portion 1n the second
direction, and a length of the projecting portion in the first
direction 1s equal to or smaller than a length of the depressed
portion 1n the first direction.

In the light guide plate used for the lighting unit according
to an aspect of the invention, an end of the light guide plate in
the first direction has a depressed portion, and the other end
thereof 1n the first direction has a projecting portion. Accord-
ingly, the light guide plate may be placed 1n a predetermined
position of the frame body using at least one of the depressed
portion and the projecting portion. The depressed portion and
the projecting portion are formed in positions opposite each
other 1n the first direction and the projecting portion 1s equal
to or smaller than the depressed portion 1n size. Therefore,
when a plurality of light guide plates are cut out of a large
material plate, since a projecting portion of a light guide plate
has a smaller size than a depression portion of an adjacent
light guide plate, a remaining portion of the large material
plate, which will removed after cuttings, 1s small, that 1s,
material wastage 1s reduced.

According to an aspect of the invention, 1t 1s preferable that
the length of the projecting portion of the light guide plate in
the first direction and the length of the depressed portion of
the light guide plate 1n the first direction be equal to each
other. In this structure, part of an outline of a projecting
portion positioned on a side 1n the first direction, and part of
an outline of an adjacent depressed portion positioned on the
same side fall along each other. Thus, the projecting portion
and the depressed portion may be formed at the same time.

According to an aspect of the invention, 1t 1s preferable that
the frame body include a first positionming projection that abuts
a {irst 1nside face of the depressed portion of the light guide
plate, which 1s positioned on one side 1n the second direction,
a second positioning projection that abuts a second inside face
of the depressed portion of the light guide plate, which 1s
positioned on another side 1n the second direction, a third
positioning projection that abuts a first outside face of the
projecting portion of the light guide plate, which 1s positioned
on the one side 1n the second direction, and a fourth position-
ing projection that abuts a second outside face of the project-
ing portion of the light guide plate, which 1s positioned on the
other side 1n the second direction. Due to this structure, the
position of the light guide plate may be set using both the
depressed portion and the projecting portion.

According to an aspect of the invention, 1t 1s preferable that
the first positioning projection and the third positioning pro-
jection be of equal size 1n the second direction and formed at
the same position 1n the second direction so as to be opposite
cach other 1n the first direction, and the second positioning
projection and the fourth positioning projection be of equal
s1ze 1n the second direction and formed at the same position 1n
the second direction so as to be opposite each other in the first
direction. Due to this structure, the position of the light guide
plate may be set using the depressed portion, the projecting
portion, and the positioning projections of the same structure.

According to an aspect of the invention, 1t 1s preferable that
an optical sheet placed so as to be stacked over the light guide
plate be further included, and the optical sheet include a
sheet-side depressed portion, which 1s depressed from a first
side of the optical sheet in the first direction, and a sheet-side
projecting portion, which projects from a second side of the
optical sheet 1n the first direction, the second side being
opposite the first side, and that 1s formed at a position on the
second side so as to be opposite the sheet-side depressed
portion. It 1s also preferable that the length of the sheet-side
projecting portion in the second direction be equal to or
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smaller than the length of the sheet-side depressed portion 1n
the second direction, and the length of the sheet-side project-
ing portion in the first direction be equal to or smaller than the
length of the sheet-side depressed portion 1n the first direc-
tion. Sumilar to the light guide plate, the optical sheet may also
be cut out of a large material sheet efficiently due to this
structure.

According to an aspect of the invention, 1t 1s preferable that
the sheet-side depressed portion of the optical sheet overlap
the depressed portion of the light guide plate and the sheet-
side projecting portion of the optical sheet overlap the pro-
jecting portion of the light guide plate when viewed 1n a third
direction that crosses the first direction and the second direc-
tion. Due to this structure, the position of the optical sheet
may also be set when the optical sheet has a structure similar
to the structure of the light guide plate.

According to an aspect of the invention, a structure may be
employed 1 which an end of the light guide plate that 1s
positioned in the second direction 1s used as the light incident
face.

A lighting unit to which the aspect of the invention 1s
applied may be used for a liquid crystal display and the liquid
crystal display includes a liquid crystal panel placed so as to
be stacked on a light emitting face of the light guide plate.

The liquid crystal display according to an aspect of the
invention 1s used for an electronic apparatus, such as a liqud
crystal television.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are explanatory views of a liquid crystal
television as an example of an electronic apparatus, which 1s
provided with a liquid crystal display according to Embodi-
ment 1 of the invention.

FIGS. 2A and 2B are explanatory views that illustrate the
overall structure of the liquid crystal display according to
Embodiment 1 of the invention.

FIG. 3 1s an exploded perspective view obtained when the
liguid crystal display according to Embodiment 1 of the
invention 1s broken down 1nto 1ts components.

FIGS. 4A and 4B are cross-sectional views of the liquid
crystal display according to Embodiment 1 of the invention.

FIGS. SA and 5B are explanatory views that illustrate the
peripheral structure of a light source substrate used for a
lighting unit of the liquid crystal display according to
Embodiment 1 of the invention.

FIG. 6 1s an exploded perspective view of the lighting unit
of the liguid crystal display according to Embodiment 1 of the
ivention.

FIG. 7 1s an explanatory view that illustrates the position-
ing structure for the light guide plate etc. 1n the liquid crystal
display according to Embodiment 1 of the invention.

FIG. 8 1s an explanatory view that illustrates a manufac-
turing method of the light guide plate depicted 1n FIG. 7.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

With reference to the drawings, embodiments are
described 1n which the aspect of the invention 1s applied to a
liquad crystal display for a liquid crystal television. The fig-
ures mentioned in the description below are illustrated on
different scales that vary from one layer or member to another
so that such layers and members are large enough to be
recognizable 1n the drawings. In addition, 1n the description
below, one of two directions that cross each other and are
in-plane directions of the light guide plate or the liquid crystal
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panel, 1.e., a direction in which the longer sides of the 1llus-
trated light guide plate or the illustrated liqud crystal panel

serving as a display panel extend is referred to as an X-axis
direction, the other direction, 1.e., a direction in which the
shorter sides of the illustrated light guide plate or the 1llus-
trated liquid crystal panel extend 1s referred to as a Y-axis
direction, and the direction that crosses the X-axis direction
and the Y-axis direction, 1.e., a direction in which the 1llus-
trated light guide plate and the 1llustrated liquid crystal panel
are stacked 1s referred to as a Z-axis direction.

Furthermore, 1n the figures mentioned below, X1 repre-
sents one side in the X-axis direction and X2 represents the
other side in the X-axis direction, Y1 represents one side 1n
the Y-axis direction on which a protruding portion of the
liquid crystal panel 1s placed and Y2 represents the other side
in the Y-axis direction, which 1s opposite the side Y1, and 71
represents one side 1n the z-axis direction, 1.e., the lower side
toward which the back face of the light guide plate 1s directed,
and 7.2 represents the other side in the Z-axis direction, which
1s opposite the side 71, 1.e., the upper side toward which
illumination light or display light 1s ematted.

Embodiment 1

The Overall Structure

FIGS. 1A and 1B are explanatory views of a liquid crystal
television as an example of an electronic apparatus, which 1s
provided with the liquid crystal display according to Embodi-
ment 1 of the invention. Specifically, FIG. 1A 1s an explana-
tory view that schematically illustrates the appearance of the
liquid crystal television and FIG. 1B 1s a block diagram that
illustrates the electrical structure of the liquid crystal display.

An electronic apparatus 2000 1llustrated 1n FIG. 1A 1s a
liquid crystal television and includes a liquid crystal display
100 and a frame 2010 for a television. The liquid crystal
display 100 includes a liquid crystal panel 10 as a display
panel, an 1mage signal supply portion 270 that supplies an
image signal to the liquid crystal panel 10, and a lighting unit
8 that supplies 1llumination light to the liquid crystal panel 10,
which are described below. The liquid crystal display 100
further includes a scan line drive circuit 104 that drives scan
lines extending in the x-axis direction of the liqud crystal
panel 10 and a data line drive circuit 101 that drives data lines
extending 1n the Y-axis direction of the liquid crystal panel 10.
Both of the scan line drive circuit 104 and the data line drive
circuit 101 may be included 1n the liquid crystal panel 10. As
another example, one of the scan line drive circuit 104 and the
data line drive circuit 101 may be included in the liquid crystal
panel 10 and the other may be included in a driver integrated
circuit (IC) mounted on the liquid crystal panel 10 by a
chip-on-glass (COG) technique. As still another example, one
of the scan line drive circuit 104 and the data line drive circuit
101 may be included 1n the liquid crystal panel 10 and the
other may be included 1n a driver IC mounted on a circuit
substrate electrically connected to the liquid crystal panel 10.
As yet still another example, both of the scan line drive circuit
104 and the data line drive circuit 101 may be included 1n a
driver 1C separate from the liquid crystal panel 10.

In Embodiment 1, the lighting unit 8 includes a light gmide
plate 80 that 1s placed so as to be stacked under the liquid
crystal panel 10, a plurality of luminous elements 89 that are
arranged along an end referred to as a light incident portion
80a, which 1s one of the side faces of the light guide plate 80,
a light source substrate 88 on which the luminous elements 89
are mounted, and a light source drive portion 280 that drives
the luminous elements 89. In Embodiment 1, the liquid crys-
tal panel 10 1s a rectangle and has four sides 10a, 10b, 10c, and
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10d. Among the sides 10a, 10b, 10c, and 10d, the side 10a 1s
a long side positioned on the side Y1 1n the Y-axis direction,
the side 10b 1s a long side positioned on the side Y2 in the
Y-axis direction, the side 10c 1s a short side positioned on the
side X1 1n the X-axis direction, and the side 10d 1s a short side
positioned on the side X2 1n the X-axis direction. The light
guide plate 80 has four side faces 801, 802, 803, and 804 that
correspond to the sides 10a, 10b, 10c, and 10d, respectively.
Among the side faces 801, 802, 803, and 804, the side face
801 1s positioned along the long side 10a on the side Y1 in the
Y-axis direction, the side face 802 1s positioned along the long,
side 10b on the side Y2 1n the Y-axis direction, the side face
803 1s positioned along the short side 10¢ on the side X1 inthe
X-axis direction, and the side face 804 1s positioned along the
short side 10d on the side X2 1n the X-axis direction. I
Embodiment 1, among the four side faces 801, 802, 803, and
804 of the light guide plate 80, the two side faces 801 and 802
opposite each other in the short side direction, 1.e., the Y-axis
direction, are used as the light incident portions 80a. Thus, the
luminous elements 89 are arranged along each of the two side
faces 801 and 802 or the light mncident portions 80a of the
light guide plate 80, and the light source substrate 88 extends
along each of the two side faces 801 and 802 or the light
incident portions 80a of the light guide plate 80.

The Specific Structure of the Liquid Crystal Display 100

FIGS. 2A and 2B are explanatory views that illustrate the
overall structure of the liquid crystal display 100 according to
Embodiment 1 of the mvention. Specifically, FIG. 2A 1s a
perspective view of the liquid crystal display 100 and FI1G. 2B
1s an exploded perspective view of the liquid crystal display
100. FIG. 3 1s an exploded perspective view obtained when
the liquid crystal display 100 according to Embodiment 1 of
the invention 1s broken down 1nto its components. FIGS. 4A
and 4B are cross-sectional views of the liquid crystal display
100 according to Embodiment 1 of the invention. Specifi-
cally, FIG. 4A 1s a cross-sectional view obtained when the
liquad crystal display 100 is cut along line IVA-IVA 1n FIG.
1A and FIG. 4B 1s a cross-sectional view obtained when the
liquad crystal display 100 1s cut along line IVB-IVB 1n FIG.
1A.

As 1llustrated 1n FIGS, 2A, 2B, 3, 4A, and 4B, the liquad
crystal display 100 according to Embodiment 1 1s generally
provided with the lighting unit 8, which 1s a so-called a
backlight umt, and the transmissive liquid crystal panel 10
placed so as to be stacked over the lighting unit 8. In the liquid
crystal display 100, the lighting unit 8 1s provided with a
frame body 9. In Embodiment 1, the frame body 9 includes a
first frame 40, which 1s a lower metal frame made of metal and
placed on the lower side, 1.e., the side Z1 of the Z-axis direc-
tion so as to cover the back face of the light guide plate 80, a
second frame 30, which i1s a resin frame made of resin and
holding the edge portions of the liqud crystal panel 10 at a
level higher than the level of the first frame 40 while sur-
rounding and holding the lighting unit 8, and a third frame 50,
which 1s an upper metal frame made of metal and placed on
the upper side of the second frame 30, 1.e., the side Z2 1n the
7-ax1s direction.

The second frame 30 holds the edge portions of the liquid
crystal panel 10 and 1s a rectangular frame that surrounds the
periphery of the liquid crystal panel 10. In Embodiment 1, the
second frame 30 1s made up of four frame plates 31, 32, 33,
and 34 divided so as to correspond to the four sides 10a, 10b,
10c, and 10d of the liqud crystal panel 10, respectively. In
Embodiment 1, the second frame 30 1s black and functions as
a light absorption member that prevents stray light from
occurring in the lighting umit 8. The frame plates 31, 32, 33,
and 34 include side plate portions 311, 321, 331, and 341,
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which extend downward on the outer sides of the frame plates
31, 32, 33, and 34, upper plate portions 315, 325, 335, and
345, which are edge plate portions that bend inward from the
upper end edges of the side plate portions 311, 321, 331, and
341, and projecting plate portions 312, 322, 332, and 342,
cach of which projects inward from a position between the top
and bottom levels of corresponding one of the upper plate
portions 315, 325, 335, and 345, respectively. Thus, the pro-
jecting plate portions 312, 322, 332, and 342 form stepped
portions 313,323, 333, and 343 inside the frame plates 31, 32,
33, and 34, and the liqud crystal panel 10 1s held by the
stepped portions 313, 323, 333, and 343 and the projecting,
plate portions 312, 322, 332, and 342. Furthermore, the light
guide plate 80 and the luminous elements 89 etc. of the
lighting unit 8 are placed under the projecting plate portions
312 and 322.

The first frame 40 1s formed by performing press work or
the like on a thin metal plate, such as a stainless steel plate.
The first frame 40 includes a bottom plate portion 45 and three
side plate portions 42, 43, and 44 standing on the three sides
of the outer periphery of the bottom plate portion 45, which
exclude the side Y1 1n the Y-axis direction, and 1s shaped like
a box that has rectangular faces and 1s open toward the upper
side. The side plate portions 321, 331, and 341 of the second
frame 30 meet the outer faces of the side plate portions 42, 43,
and 44 of the first frame 40. The side plate portion 311 of the
second frame 30 covers the first frame 40 on the side Y1 in the
Y-axis direction.

Similar to the first frame 40, the third frame 50 1s also
formed by performing press work or the like on a thin metal
plate, such as a stainless steel plate. The third frame 30
includes a rectangular upper plate portion 55 as an edge plate
portion, and four side plate portions 31, 52, 53, and 54 that
bend downward from the outer periphery of the upper plate
portion 55, and 1s shaped like a box that has rectangular faces
and 1s open toward the lower side. The side plate portions 51,
52, 53, and 34 meet the outer faces of the side plate portions
311,321, 331, and 341. The upper plate portion 55 1s provided
with a rectangular window 350 through which the light emait-
ted from the liquid crystal panel 10 passes, and surrounds and
covers the outer edge portions positioned on the display light
emitting side of the liquid crystal panel 10.

The third frame 50, the second frame 30, and the first {frame
40 formed as described above are coupled by screws (not
illustrated) or the like and hold the liquid crystal panel 10 and
the lighting unit 8 inside. As illustrated in FIGS. 4A and 4B,
flexible sheets 391 and 392 are attached to the lower and
upper faces ol the projecting plate portions 312, 322,332, and
342 of the second frame 30. Thus, when the liquid crystal
display 100 1s assembled, the liquid crystal panel 10 1s sup-
ported by the projecting plate portions 312, 322, 332, and 342
via the flexible sheet 392. Also, when the liquid crystal dis-
play 100 1s assembled, the lighting unit 8 1s supported via the
flexible sheet 391. Furthermore, when the liquid crystal dis-
play 100 1s assembled, the flexible sheet 391 prevents optical
sheets of the lighting unit 8, such as a diffusion sheet 182 and
prism sheets 183 and 184, from rising or getting out of posi-
tion.

The Structure of the Liqud Crystal Panel 10

As 1llustrated 1n FIGS. 2A, 2B, 3, 4A, and 4B, the liquid
crystal panel 10 has a planar rectangular shape and includes
an element substrate 11, which 1s provided with a pixel elec-
trode (not illustrated) or the like, and an opposite substrate 12,
which 1s placed so as to be opposite the element substrate 11
via a predetermined gap, and a seal material 14 for attaching
the opposite substrate 12 and the element substrate 11 to each
other, which 1s shaped like a rectangular frame. In the liquid
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crystal panel 10, a liquid crystal layer 13 1s held 1n a region
surrounded by the seal material 14. The element substrate 11
and the opposite substrate 12 are translucent substrates, such
as glass substrates. In the element substrate 11, a plurality of
scan lines (not illustrated) extend in the X-axis direction and
a plurality of data lines (not illustrated) extend in the Y-axis
direction, and a switching element (not illustrated) and a pixel
clectrode are arranged at positions corresponding to positions
where the scan lines and the data lines cross each other.

In Embodiment 1, the opposite substrate 12 1s placed on the
emlttmg side of the d1 splay light and the element substrate 11
1s placed on the side of the lighting unit 8. On the face of the
opposite substrate 12 that 1s opposite the element substrate
11, a frame layer 120 1s formed 1nside the inner edges of the
tour sides of the seal material 14, and the frame layer 120 1s a
light blocking layer shaped like a rectangular frame. The
region defined by the mner edges of the frame layer 120 1s an
image display region 100a. Each of the mner edges of the
upper plate portion 55 of the third frame 50 1s located over a
halfway position in a region corresponding to the width of the
frame layer 120. The window 550 of the third frame 50
overlaps the inner peripheral portions of the image display
region 100a and the frame layer 120.

The liquid crystal panel 10 1s a liquid crystal panel 1n the
twisted nematic (TIN) mode, the electrically controlled bire-
fringence (ECB) mode, or the vertical aligned nematic (VAN)
mode. The element substrate 11 1s provided with a pixel
clectrode, and the opposite substrate 12 1s provided with a
common electrode (not illustrated). When the liquid crystal
panel 10 1s a liquid crystal panel 1n the in-plane switching
(IPS) mode or the fringe field switching (FFS) mode, the
common electrode 1s provided on the side of the element
substrate 11. The element substrate 11 may be placed closer to
the emitting side of the display light than the opposite sub-
strate 12. An upper polarization plate 18 1s placed so as to be
stacked on the upper face of the liquid crystal panel 10, and a
lower polarization plate 17 1s placed between the lower face
of the liquid crystal panel 10 and the lighting unit 8.

In Embodiment 1, the element substrate 11 1s larger than
the opposite substrate 12. Therefore, the element substrate 11
includes a protruding portion 110 that protrudes from the end
portion of the opposite substrate 12 on the side Y1 1n the
Y-axis direction, and a plurality of flexible wiring substrates
200 are connected to the upper face of the protruding portion
110. The flexible wiring substrates 200 are connected to a
circuit substrate 250, which 1s a rigid substrate. The circuit
substrate 250 1s provided with a control I1C (not illustrated),
which constitutes the image signal supply portion 270
described with reference to FIGS. 1A and 18, and a light
source driver IC (not illustrated), which constitutes the light
source drive portion 280.

The Structure of the Lighting Unit 8

FIGS. SA and 5B are explanatory views that illustrate the
peripheral structure of the light source substrate 88 used for
the lighting unit 8 of the liqud crystal display 100 according,
to Embodiment 1 of the invention. Specifically, FIG. SA 1s an
explanatory view that schematically illustrates the periphery
of the light source substrate 88 on the side of a face 881, and
FIG. 5B 1s an explanatory view that schematically illustrates
the periphery of the light source substrate 88 on the side of a
face 882. The luminous elements 89 and the light source
substrate 88 that are provided on the side face 801, which 1s
the light incident portion 80a, and the luminous elements 89
and the light source substrate 88 that are provided on the side
tace 802, which 1s also the light incident portion 80a and 1s
opposite the side face 801 1n the Y-axis direction of the light
guide plate 80, have the same structures. Therefore, FIG. SA
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depicts the luminous elements 89 and the light source sub-
strate 88 arranged on the side face 802 of the light guide plate
80, and FIG. 5B depicts the light source substrate 88 etc.
arranged on the side face 801.

As 1llustrated 1n FIGS. 3, 4A, and 4B, the lighting unit 8
includes the light guide plate 80, which 1s placed so as to be
stacked on the lower face side of the liquid crystal panel 10,
and the luminous elements 89, which are aligned from one
end side of corresponding one of the light incident portions
80a, 1.e., the side X1 1n the X-axis direction toward the other
end side of the light incident portion 80a, 1.¢., the side X2 1n
the X-axis direction while directing luminous faces 89a
toward the light incident portion 80a of the light guide plate
80. In Embodiment 1, the luminous elements 89 are mounted
on the face 881 of the light source substrate 88, which extends
in the X-axis direction along the light incident portion 80a.
Each of the luminous elements 89 1s a light emitting diode
(LED), which emits white light, and emits light source light as
emission light.

Among the side faces 801, 802, 803, and 804 of the light
guide plate 80 in the lighting unit 8 according to Embodiment
1, the two side faces 801 and 802 opposite each other in the
Y-axis direction are used as the light incident portions 80a.
Theretore, the luminous elements 89 direct the luminous
faces 89a toward the two light incident portions 80a, 1.e., the
side faces 801 and 802 of the light guide plate 80, and are
aligned from one end side toward the other end side of each of
the two light incident portions 80a, 1.e., the side faces 801 and
802. In addition, the two light source substrates 88 extend
along the two light incident portions 80a, 1.¢., the side faces
801 and 802, and the luminous elements 89 are mounted on
the face 881 of each of the two light source substrates 88.

In Embodiment 1, the light guide plate 80 1s a translucent
resin plate made of acryl resin, polymethylstyrene resin,
polycarbonate resin, or the like. A retlection sheet 187, which
1s an optical sheet, 1s placed so as to be stacked between a
lower face 80c of the light guide plate 80, which 1s a face
opposite a light emitting face 80b, and the bottom plate por-
tion 45 of the first frame 40.

Furthermore, other optical sheets, such as the diffusion
sheet 182, and the prism sheets 183 and 184, are placed so as
to be stacked between the upper face of the light gmide plate
80, which 1s referred to as the Ii ght emitting face 80b, and the
liquid crystal panel 10. The diffusion sheet 182 1s a sheet that
includes a coated layer obtained by dispersing silica particles
or the like onto a translucent resin, such as an acrylic resin or
a polycarbonate resin. In Embodiment 1, the two prism sheets
183 and 184 are placed so that the ridge lines of the prism
sheets 183 and 184 are perpendicular to each other. Accord-
ingly, the illumination light emitted from the light emitting
face 80b of the light guide plate 80 has directivity, which
allows the i1llumination light to obtain 1ts peak 1n the direction
toward the front of the liquid crystal panel 10 via the two
prism sheets 183 and 184 after diffusing 1n all directions via
the diffusion sheet 182.

The lower face 80c of the light guide plate 80 under which
the reflection sheet 187 1s positioned 1s provided with a plu-
rality of grooves 86 as a diffusion pattern, which are linear
minute depressed portions. The grooves 86 reflect and diffuse
the light traveling 1n the light guide plate 80. In .

Embodiment
1, 1s plurality of groove lines 860, each of which 1s constituted
by the grooves 86 aligned 1n the X-axis direction, are arranged
in the Y-axis direction so as to be parallel to each other. The
density of the grooves 86 1s higher as the distance from the
luminous elements 89 1s greater. Thus, the intensity distribu-
tion of the illumination light emitted from the light guide plate
80 1s made uniform regardless of the distance from the lumi-
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nous elements 89. The X-axis direction corresponds to a first
direction and the Y-axis direction corresponds to a second
direction.

The bottom plate portion 45 of the first frame 40 1s pro-

vided with a step, which 1s partially formed 1n a region that
overlaps the side on which the side face 801 of the light guide
plate 80 1s positioned so that a gap 1s secured between the
lower face 80c of the light guide plate 80 and the first frame
40. The bottom plate portion 435 bends toward the light guide
plate 80. Accordingly, the reflection sheet 187 and a lower
plate portion 61 of a light source support member 60 may be
sandwiched between the lower face 80c of the light guide
plate 80 and the bottom plate portion 45. In addition, since
part of the bottom plate portion 45 of the first frame 40 bends
toward the light guide plate 80 and a depressed portion 1s
formed on the back face side of the first frame 40, the flexible
wiring substrate 200 bends and extends to the lower face or
the back face of the bottom plate portion 45 of the first frame
40 and the circuit substrate 250 1s placed so as to be accom-
modated within the depth of the depressed portion. Thus, the
hg 1t111g unit 8 may be made thin.
In Embodiment 1, the light source substrate 88 1s placed so
that the face 881 on which the luminous elements 89 are
mounted faces the light incident portion 80a of the light guide
plate 80. Also, the light source substrate 88 has a structure in
which a wiring pattern and a land are provided together with
an sulation layer on the side of the face 881 of a planar metal
plate 887, which 1s a support plate extending along the light
incident portion 80a. This structure may be obtained by
attaching a flexible wiring substrate 888 to the face 881 of the
metal plate 887 and 1n the flexible wiring substrate 888, a
resin base matenal layer, a wiring pattern, and an nsulation
protection layer, etc. are arranged 1n this order. Accordingly,
the wiring pattern and the land on which a chip of the lumi-
nous clement 89 1s mounted are electrically nsulated from
the metal plate 887. In Embodiment 1, the metal plate 887 1s
an aluminum plate, which secures the mechanical strength of
the light source substrate 88 and also functions as a plate that
releases the heat caused by the luminous elements 89.

As 1llustrated 1n FIGS. 3, 4A, 4B, 5A, and 5B, the light
source support member 60 that holds the light source sub-
strate 88 15 placed on the side of the face 882 of each of the two
light source substrates 88, and the light source support mem-
ber 60 1s placed and held between the first frame 40 and the
second frame 30. In Embodiment 1, the light source support
member 60 1s a bar-like metal component that extends along
the face 882 of the light source substrate 88. The light source
support member 60 includes the lower plate portion 61, which
1s placed on the bottom plate portion 45 of the first frame 40,
and a substrate support plate portion 62, which constitutes a
wall face that projects upward from a haltway position of a
region corresponding to the width of the lower plate portion
61. The light source support member 60 further includes an
upper plate portion 63 positioned on the side of the top end of
the substrate support plate portion 62, which 1s the side oppo-
site the side on which the lower plate portion 61 1s positioned.
The upper plate portion 63 bends from the substrate support
plate portion 62 toward the side opposite the side on which the
light guide plate 80 1s positioned. The upper plate portion 63
1s fixed to the upper plate portion 55 of the third frame 50 and
at least one of the upper plate portions 315 and 3235 of the
second frame 30 by screws or the like.

In the light source support member 60 structured as
described above, the face of the substrate support plate por-
tion 62 that 1s present on the side on which the light guide
plate 80 1s positioned 1s referred to as a substrate holding face
620 for holding the light source substrate 88, and the light
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source substrate 88 1s fixed to the substrate holding face 620
by a screw or the like. Thus, the face 882 of the metal plate 887
of the light source substrate 88 1s wholly contacted on the
substrate holding face 620, and the light source substrate 88
abuts the substrate holding face 620 1n a cohesive state. The
light source support member 60 1s made of metal, such as
aluminum or an 1ron-based material. Therefore, the heat
caused by the luminous elements 89 1s transmitted from the
metal plate 887 of the light source substrate 88 to the light
source support member 60, and the heat of the light source
support member 60 1s transmitted to the first frame 40.
Accordingly, the increase 1n the temperature of the luminous
clement 89 may be suppressed.

The Shapes of the Light Guide Plate 80 Etc.

FIG. 6 1s an exploded perspective view of the lighting unit
8 of the liquid crystal display 100 according to Embodiment
1 of the invention. FIG. 7 1s an explanatory view that 1llus-
trates the positioning structure for the light guide plate 80 etc.
in the liquid crystal display 100 according to Embodiment 1
of the invention. In FIG. 7, the grooves 86 formed on the lower
tace 80c of the light guide plate 80 as a diffusion pattern are
represented by solid lines. Regardmg the first frame 40, only
the bottom plate portion 45 1s depicted and the 111ustrat1011 of
the side plate portions 42, 43, and 44 1s omitted in FIG. 6.

As 1llustrated 1n FIGS. 6 and 7, 1n the lighting unit 8 of the
liquid crystal display 100 according to Embodiment 1, the
side faces 801 and 802 of the light guide plate 80, which are
positioned on the sides Y1 and Y2 in the Y-axis direction,
respectively, extend linearly 1n the X-axis direction. On the
other hand, the side face 803 positioned on the side X1 1n the
X-axis direction 1s partially depressed relative to the outline
side, and the side face 804 positioned on the side X2 1n the
X-axis direction partially projects relative to the outline side.
More specifically, the light guide plate 80 1s provided with a
depressed portion 803a, which 1s depressed from the side face
803 positioned on the side X1 in the X-axis direction toward
the side X2 1n the X-axis direction, and a projecting portion
804b, which 1s positioned on the side X2 1n the X-axis direc-
tion so as to be opposite the depressed portion 803a and
projects from the side face 804 positioned on the side X2 1n
the X-axis direction toward the side X2 in the X-axis direc-
tion.

A length Ly, of the projecting portion 804b, which 1s
obtained 1n the Y-axis direction, and a length Ly, of the
depressed portion 803a, which 1s obtained in the Y-axis direc-
tion, are related so as to satisty the following expression:

The length Ly>=<The length Ly,

and the length Ly, of the projecting portion 804b, which 1s
obtained 1n the Y-axis direction, 1s equal to or smaller than the
length Ly, ofthe depressed portion 803a, which 1s obtained 1n
the Y-axis direction.

A length Lx, of the projecting portion 804b, which 1is
obtained 1n the X-axis direction, and a length Lx, of the
depressed portion 803a, which 1s obtained 1n the X -axis direc-
tion, are related so as to satisty the following expression:

The length Lx>,=<The length 1.x,

and the length Lx, of the projecting portion 804b, which is
obtained in the X-axis direction, 1s equal to or smaller than the
length Lx, of the depressed portion 803a, which is obtained 1n
the X-axis direction. In Embodiment 1, the length Lx, of the
projecting portion 804b, which i1s obtained in the X-axis
direction, 1s equal to the length Lx; of the depressed portion
803a, which 1s obtained 1n the X-axis direction.

As 1llustrated 1n F1G. 6, the retlection sheet 187 1s provided
with a depressed portion 187a, which 1s a sheet-side
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depressed portion, and a projecting portion 187b, which 1s a
sheet-side projecting portion. The depressed portion 187a and
the projecting portion 187b are formed 1n the positions cor-
responding to the depressed portion 803a and the projecting
portion 804b of the light guide plate 80. More specifically, the
reflection sheet 187 1s provided with the depressed portion
187a, which 1s depressed toward the side X2 1n the X-axis
direction, and the projecting portion 187b, which 1s posi-
tioned on the side X2 1n the X-axis direction so as to be
opposite the depressed portion 187a and projects toward the
side X2 in the X-axis direction. Furthermore, the depressed
portion 187a 1s equal to the depressed portion 803a 1n size,
and the projecting portion 187b 1s equal to the projecting
portion 804b 1n s1ze. Therefore, alength Ly, , of the projecting
portion 187b, which 1s obtained 1n the Y-axis direction, and a
length Ly, , of the depressed portion 187a, which 1s obtained
in the Y-axis direction, are related so as to satisiy the follow-
INg eXpression:

The length Ly, ,<The length Ly,

and the length Ly, , of the projecting portion 187b, which 1s
obtained 1n the Y-axis direction, 1s equal to or smaller than the
length Ly, , of the depressed portion 187a, which 1s obtained
in the Y-axis direction. A length Lx, , of the projecting portion
18°7b, which 1s obtained 1n the X-axis direction, and a length
Lx,, of the depressed portion 187a, which is obtained 1n the
X-axis direction, are related so as to satisiy the following
eXpression:

The length Lx,,<The length Lx,,

and the length Lx, , of the projecting portion 187b, which 1s
obtained in the X-axis direction, 1s equal to or smaller than the
length Lx, , of the depressed portion 187a, which 1s obtained
in the X-axis direction. In Embodiment 1, the length Lx,, of
the projecting portion 187b, which 1s obtained in the X-axis
direction, 1s equal to the length Lx, , of the depressed portion
187a, which 1s obtained in the X-axis direction.

Similar to the retlection sheet 187, the prism sheet 184 1s
also provided with a depressed portion 184a, which 1s a sheet-
side depressed portion, and a projecting portion 184b, which
1s a sheet-side projecting portion. The depressed portion 184a
and the projecting portion 184b are formed in the positions
corresponding to the depressed portion 803a and the project-
ing portion 804b of the light guide plate 80. More specifically,
the prism sheet 184 1s provided with the depressed portion
184a, which 1s depressed toward the side X2 1n the X-axis
direction, and the projecting portion 184b, which 1s posi-
tioned on the side X2 in the X-axis direction so as to be
opposite the depressed portion 184a and projects toward the
side X2 in the X-axis direction, Furthermore, the depressed
portion 184a 1s equal to the depressed portion 803a 1n size,
and the projecting portion 184b i1s equal to the projecting
portion 804b in size. Therefore, alength Ly ,, of the projecting,
portion 184b, which 1s obtained 1n the Y-axis direction, and a
length L,-, of the depressed portion 184a, which 1s obtained
in the Y-axis direction, are related so as to satisiy the follow-
INg eXpression:

The length Ly,->=The length Ly-,

and the length Ly,, of the projecting portion 184b, which 1s
obtained 1n the Y-axis direction, 1s equal to or smaller than the
length Ly, of the depressed portion 184a, which 1s obtained
in the Y-axis direction. Furthermore, a length Lx,, of the
projecting portion 184b, which 1s obtained in the X-axis
direction, and a length Lx,, of the depressed portion 184a,
which 1s obtained 1n the X-axis direction, are related so as to
satisty the following expression:

The length Lx,5-<The length 1.x 5
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and the length Lx,, of the projecting portion 184b, which 1s
obtained 1n the X-axis direction, 1s equal to or smaller than the
length Lx,, of the depressed portion 184a, which 1s obtained
in the X-axis direction. In Embodiment 1, the length Lx,, of
the projecting portion 184b, which 1s obtained in the X-axis
direction, 1s equal to the length .x,, of the depressed portion
184a, which 1s obtained in the X-axis direction.

Similar to the reflection sheet 187 and the prism sheet 184,
cach of the other optical sheets, 1.e., the diffusion sheet 182
and the prism sheet 183, also has a planar shape. Regarding
the diffusion sheet 182 and the prism sheet 183, only
depressed portions 182a and 183a, which are sheet-side
depressed portions, are depicted in FIG. 6 and the explanation
on the shapes 1s omitted.

The Positioning Structure of the Light Guide Plate 80 Etc.

As 1llustrated 1n FIGS. 4A, 4B, 6, and 7, the first {frame 40
of the frame body 9 1s provided with positioning projections
90 that are placed in the vicinity of the region positioned
under the light guide plate 80, which 1s the region surrounded
by the dot-dash lines in FIG. 6, so as to set the position of the
light guide plate 80. As illustrated 1n FIG. 4B, in Embodiment
1, each of the positioning projections 90 1s constituted by a
resin portion 95 formed integrally with the first frame 40 and
projects from the bottom face portion of the first frame 40 in
the thickness direction of the light guide plate 80.

As illustrated 1n FIGS. 6 and 7, the positioning projections
90 are constituted by a first positioning projection 91, a sec-
ond positioning projection 92, a third positioning projection
93, and a fourth positioning projection 94. The first position-
ing projection 91 abuts a first inside face 803a, and a bottom
portion 803a, that correspond to one of the corner portions of
the depressed portion 803a, which 1s positioned on the side Y1
in the Y-axis direction. The second positioning projection 92
abuts a second mside face 803a,, and the bottom portion 803a,
that correspond to the other cormer portion of the depressed
portion 803a, which 1s positioned on the side Y2 in the Y-axis
direction. The third positioning projection 93 abuts the side
face 804, which constitutes the outline side along the Y-axis
direction, and a first outside face 804b,, which projects from
the side face 804 outward toward the side X2 in the X-axis
direction, so as to correspond to one of the corner portions of
the projecting portion 804b, which 1s positioned on the side
Y1 1n the Y-axis direction. The fourth positioning projection
94 abuts the side face 804, which constitutes the outline side
along the Y-axis direction, and a second outside face 804b,,
which projects from the side face 804 outward toward the side
X2 1n the x-axis direction, so as to correspond to the other
corner portion of the projecting portion 804b, which 1s posi-
tioned on the side Y2 1n the Y-axis direction. Thus, the posi-
tion of the light guide plate 80 1s set by the four positioning
projections 90. Similar to the light guide plate 80, the optical
sheets including the retlection sheet 187, the diffusion sheet
182, and the prism sheets 183 and 184 are also provided with
sheet-side depressed portions and sheet-side projecting por-
tions similar to the depressed portion 803a and the projecting
portion 804b, and the positions of the optical sheets are set by
using the four positioning projections 90.

In Embodiment 1, the four positioning projections 90, 1.e.,
the positionming projections 91 to 94 are cylinder-like projec-
tions that have the same outside diameter, and the lengths of
the positioning projections 91 to 94 that are obtained in the
Y-axis direction are the same. Therefore, the first positioning
projection 91 and the third positioning projection 93 are of
equal size 1n the Y-axis direction and are formed at the same
position 1n the Y-axis direction so as to be placed apart in the
X-axis direction and opposite each other. Furthermore, the
second positioning projection 92 and the fourth positioning
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projection 94 are of equal size 1n the Y-axis direction and are
formed at the same position 1n the Y-axis direction so as to be
placed apart in the X-axis direction and opposite each other.

The outside diameter of each of the positioning projections
90, which 1s the length obtained in the Y-axis direction, 1s
equivalent to a half of the difference between the length Ly , of
the projecting portion 804b, which 1s obtained in the Y-axis
direction, and the length Ly, of the depressed portion 803a,
which 1s obtained 1n the Y-axis direction. Therefore, the posi-
tioming projections 90 may be placed 1n the positions corre-
sponding to remaining material portions 80u described with
reference to FIG. 8.

Since the outside diameter of each of the positioning pro-
jections 90, which 1s the length obtained 1n the Y-axis direc-
tion, 1s equal to the length L.x, of the projecting portion 804b,
which 1s obtained 1n the X-axis direction, and the length X,
of the depressed portion 803a, which 1s obtained in the X-axis
direction, or 1s slightly smaller than the length Lx, and the
length Lx,, the positioning projection 90 protrudes neither
from a top end portion 804b, of the projecting portion 804b
nor from the 1nside of the depressed portion 803a.

The Manufacturing Method of the Light Guide Plate 80

FIG. 8 1s an explanatory view that illustrates a manufac-
turing method of the light guide plate 80 depicted in FI1G. 7. In
FIG. 8, one of the regions 1n which the light guide plates 80
are cut out 1s shown by a dotted pattern and the remaining
material portions 80u are depicted using oblique lines that
rise from left to right.

When manufacturing the light guide plate 80 described
with reference to FIG. 7 etc., as illustrated 1in FIG. 8, after
forming a large resin plate 80w for the light guide plates 80 by
extrusion or the like, the light guide plates 80 are cut out of the
resin plate 80w, which 1s a base material. More specifically,
alter placing the resin plate 80w on an X-Y stage (not 1llus-
trated), the resin plate 80w 1s irradiated with laser beams of a
carbon dioxide laser and a femtosecond laser while dissolv-
ing and volatilizing the macromolecular material of the resin
plate 80w 1n the irradiated position so that the light guide
plates 80 are cut out. After that, the overall cut faces of the
light guide plates 80 or the side faces 801 and 802 used as the
light imncident portions 80a undergo a fimishing process, such
as polishing.

When the light guide plates 80 are manufactured in the
above-described manner, the depressed portion 803a and the
projecting portion 804b are formed at positions opposite each
other 1n the X-axis direction, and the projecting portion 804b
and the depressed portion 803a are formed in such sizes as to
satisty the following expressions:

The length Ly, of the projecting portion 804b<The
length Ly, of the depressed portion 803a

The length Lx, of the projecting portion 804b<The
length I.x; of the depressed portion 803a.

Therefore, when the light guide plates 80 are cut out of the
large resin plate 80w, between one region and another region
that are adjacent to each other in the X-axis direction, the
region 1 which the projecting portion 804b 1s cut out 1s
positioned inside the region in which the depressed portion
803a 1s cut out. Thus, the remaining matenal portions 80u,
which remain after cutting the light guide plates 80 out of the
large resin plate 80w, are small.

When the following expressions:

The length Ly, of the projecting portion 804b<The
length Ly, of the depressed portion 803a

The length [.x, of the projecting portion 804b<The
length Lx; of the depressed portion 803a
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are satisfied i the relation between the depressed portion
803a and the projecting portion 804b, and the differences
between the higher values and the lower values are equivalent
to or exceed the size of the positioning projection 90, in the
lighting unit 8, the positioning projections 90 are placed in the
regions corresponding to the remaining material portions
80u, each of which 1s between the depressed portion 803a of
the given light guide plate 80 and the projecting portion 804b
of the other light guide plate 80 adjacent to the given light
guide plate 80 1n the X-axis direction.
When the following expressions:

The length Ly, of the projecting portion 804b=The
length Ly, of the depressed portion 803a

The length Lx, of the projecting portion 804b=The
length Lx, of the depressed portion 803a

are satisilied 1n the relation between the depressed portion
803a and the projecting portion 804b, or the differences
between the higher values and the lower values are less than
the s1ze of the positioning projection 90, 1n the lighting unit 8,
the positioning projections 90 are placed outside the project-
ing portion 804b and inside the depressed portion 803a.
Theretore, although the second positioning projection 92 and
the fourth positioning projection 94, and the positioning pro-
jection 91 and the positioming projection 93 of equal size in
the Y-axis direction, the second positioning projection 92 and
the fourth positioning projection 94, and the positioning pro-
jection 91 and the positionming projection 93 are formed in
different positions in the Y-axis direction.

Since the optical sheets including the reflection sheet 187,
the diflusion sheet 182, and the prism sheets 183 and 184 are
also provided with sheet-side depressed portions and sheet-
side projecting portions similar to the depressed portion 803a
and the projecting portion 804b, similar to the light guide
plate 80, the optical sheets may also be cut out of a matenial in
the form of a large sheet efliciently.

Major Advantages of Embodiment 1

As described above, 1n the liquid crystal display 100 and
the lighting unit 8 according to Embodiment 1, the side face
803 of the light guide plate 80, which 1s positioned on the side
X1 m the X-axis direction, 1s provided with the depressed
portion 803a, and the side face 804 of the light guide plate 80,
which 1s positioned on the side X2 1n the X-axis direction, 1s
provided with the projecting portion 804b. Therefore, the
light guide plate 80 may be placed 1n a predetermined position
of the frame body 9 using the depressed portion 803a and the
projecting portion 804b.

The depressed portion 803a and the projecting portion
804b are formed at positions opposite each other in the X-axis
direction and the projecting portion 804b 1s equal to or
smaller than the depressed portion 803a 1n size. Therefore,
when the light guide plates 80 are cut out of the large resin
plate 80w, between one region and another region that are
adjacent to each other in the X-axis direction, the region 1n
which the projecting portion 804b 1s cut out 1s positioned
inside the region 1n which the depressed portion 803a 1s cut
out. Thus, the remaining material portions 80u, which remain
after cutting the light guide plates 80 out of the large resin
plate 80w, are small and material wastage 1s reduced. In
addition, since the length L.x, of the projecting portion 804b
and the length L.x, of the depressed portion 803a are equal to
cach other, the top end portion 804b, of the projecting portion
804b and the bottom portion 803a, of the depressed portion
803a coincide with each other. Theretfore, the top end portion
804b, of the projecting portion 804b and the bottom portion
803a, of the depressed portion 803a may be cut at the same
time.
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Embodiment 2

In Embodiment 1 described above, the face 881 of the light

source substrate 88 faces the light incident portion 80a of the
light guide plate 80. However, the aspect of the invention may 5
be applied to the liquid crystal display 100 1n which the face
881 of the light source substrate 88 1s orthogonal to the light

incident portion 80a of the light guide plate 80.

Another Embodiment 10

In the above-described embodiments, the resin portion 95
1s formed 1ntegrally with the first frame 40 when forming the
positioning projection 90. However, the positioning projec-
tion 90 may be formed by causing part of the first frame 40 to 15
project. Furthermore, the positioning projection 90 may be
constituted by a metal pin attached to the bottom face portion
of the first frame 40.
Usage Examples 1n Other Electronic Apparatuses

In the above-described embodiments, a liquid crystal tele- ¢
vision 1s taken as an example of the electronic apparatus 2000
provided with the liquid crystal display 100. However, the
liquid crystal display 100 may also be used for a display
portion of an electronic apparatus other than the liquid crystal
television, such as a personal computer, a digital signage 33
device, a car navigation device, or a mobile mnformation ter-
minal device, to which the aspect of the invention 1s applied.

The entire disclosure of Japanese Patent Application No.

2011-161710, filed Jul. 25, 2011 1s expressly incorporated by
reference herein. 30

What 1s claimed 1s:

1. A lighting unit comprising:

a light guide plate;

a light source that is provided [on] along a side Jof an] end
Jace of the light guide plate serving as a light incident 35
face; and

a frame body that holds the light guide plate and the light
source, wherein

the light guide plate includes:

a depressed portion that 1s depressed from a first side of 40
the light guide plate 1n a first direction; and

a projecting portion that projects from a second side of
the light guide plate 1n the first direction, the second
side being opposite fo the first side, and [that] is
formed at a position on the second side so as to be 45
opposite fo the depressed portion, wherein

a length of the projecting portion 1n a second direction that
crosses the first direction, the first direction and the
second direction being in-plane directions, is [equal to
or] smaller than a length of the depressed portion in the 30
second direction, [and

a length of the projecting portion 1n the first direction 1s
equal to or smaller than a length of the depressed portion
in the first direction]

the frame body includes a first positioning projection, a 55
second positioning projection, a third positioning pro-
Jection and a fourth positioning projection,

the first positioning projection abuts the projecting portion
and the second positioning projection abuts the project-
ing portion with vespect to the first positioning projec- 60
tion in the second direction,

the third positioning projection abuts a first inside face of
the depressed portion and the fourth positioning projec-
tion abuts a second inside face of the depressed portion,
the first inside face and the second inside face ave posi- 65
tioned opposite to each other with rvespect to the
depressed portion in the second divection, and
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the first positioning projection and the third positioning
projection are positioned at the same position in the
second dirvection so as to be opposite each other in the
firstdivection, and the second positioning projection and
the fourth positioning projection are positioned at the
same position in the second direction so as to be oppo-
site each other in the first divection.

[2. The lighting unit according to claim 1, wherein the
length of the projecting portion of the light guide plate 1n the
first direction and the length of the depressed portion of the
light guide plate in the first direction are equal to each other.}

3. The lighting unit according to claam 1, wherein the
[frame body includes:

a first positioning projection that abuts a first imnside face of
the depressed portion of the light guide plate, the first
inside face being positioned on one side 1n the second
direction;

a second positioming projection that abuts a second 1nside
face of the depressed portion of the light guide plate, the
second 1nside face being positioned on another side 1n
the second direction;

a third positioning projection that abuts a first outside face
of the projecting portion of the light guide plate, the first
outside face being positioned on the one side in the
second direction; and

a fourth positioning projection that abuts a second outside
face of the projecting portion of the light guide plate, the
second outside face being positioned on the other side in
the second direction] first positioning projection, the
second positioning projection, the third positioning pro-
Jection and the fourth positioning projection are posi-
tioned on the frame body and penetrate the frame body
from outside of the frame body.

[4. The lighting unit according to claim 3, wherein

the first positioning projection and the third positioning
projection are of equal size 1n the second direction and
are formed at the same position 1n the second direction
so as to be opposite each other in the first direction, and

the second positioning projection and the fourth position-
ing projection are of equal size 1n the second direction
and are formed at the same position 1n the second direc-
tion so as to be opposite each other in the first direction. ]

[5. The lighting unit according to claim 1, further compris-
ing an optical sheet placed so as to be stacked over the light
guide plate, wherein

the optical sheet includes:

a sheet-side depressed portion that 1s depressed from a
first side of the optical sheet in the first direction; and

a sheet-side projecting portion that projects from a sec-
ond side of the optical sheet 1n the first direction, the
second side ol the optical sheet being opposite the first
side of the optical sheet, and that 1s formed at a posi-
tion on the second side of the optical sheet so as to be
opposite the sheet-side depressed portion, wherein

a length of the sheet-side projecting portion 1n the second
direction 1s equal to or smaller than a length of the
sheet-side depressed portion in the second direction, and

a length of the sheet-side projecting portion 1n the first
direction 1s equal to or smaller than a length of the
sheet-side depressed portion in the first direction.}

[6. The lighting unit according to claim 5, wherein, when
viewed 1n a third direction that crosses the first direction and
the second direction,

the sheet-side depressed portion of the optical sheet over-
laps the depressed portion of the light guide plate, and

the sheet-side projecting portion of the optical sheet over-
laps the projecting portion of the light guide plate.]
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[7. The lighting unit according to claim 1, wherein an end
of the light guide plate positioned 1n the second direction 1s
used as the light incident face.]

8. A liquid crystal display comprising the lighting unit
according to claim 1, the liguid crystal display including a
liquid crystal panel placed so as to be stacked on a light
emitting face of the light guide plate.

9. An electronic apparatus comprising the liquid crystal
display according to claim 8.

10. The lighting unit according to claim 1, further compris-
ing a second frame body which holds the light source between
the frame body, wherein

the second frame body covers the first positioning projec-

tion, the second positioning projection, the thivd posi-
tioning projection and the fourth positioning projection
when viewed from a normal direction of the light guide
plate.

11. The lighting unit according to claim 10, wherein the
second frame body overlaps a peripheral area of the light
guide plate when viewed from the normal divection of the light
guide plate.

12. The lighting unit according to claim 10, wherein the
second frame body abuts the first positioning projection, the
second positioning projection, the third positioning projec-
tion and the fourth positioning projection.

13. The lighting unit according to claim I, wherein the light
guide plate includes a first face served as a light emitting face,
and a second face opposite to the first face, wherein

the second face includes a diffusion area on which a plu-

rality of diffusion patterns ave formed, and pervipheral
area positioned between an edge of the second face and
the diffusion area, and

the diffusion area is apart from the depressed portion.

14. A lighting unit comprising:

a light guide plate;

a light source that is provided along a side end face of the

light guide plate serving as a light incident face; and

a frame body that holds the light guide plate and the light

source, wherein

the light guide plate includes:

a first face served as a light emitting face, and a second
Jace opposite to the first face,

a depressed portion that is depressed from a first side of

the light guide plate in a first divection being an in-
plane direction; and

a projecting portion that projects from a second side of

the light guide plate in the first divection, the second
side being opposite to the first side, wherein
the second face includes a diffusion area on which a plu-
rality of diffusion patterns are formed, and a peripheral
area positioned between the edge of the second face and
the diffusion area,
the diffusion area is apart from the depressed portion,
the frame body includes a first positioning projection, a
second positioning projection, a third positioning pro-
Jection and a fourth positioning projection,
the first positioning projection abuts the projecting portion
and the second positioning projection abuts the project-
ing portion with vespect to the first positioning projec-
tion in the second direction,

the third positioning projection abuts a first inside face of

the depressed portion and the fourth positioning projec-
tion abuts a second inside face of the depressed portion,
the first inside face and the second inside face arve posi-
tioned opposite each other with vespect to the depressed
portion in the second direction, and
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the first positioning projection and the third positioning
projection ave positioned at the same position in the
second dirvection so as to be opposite each other in the
first divection, and the second positioning projection and
the fourth positioning projection are positioned at the
same position in the second direction so as to be oppo-
site each other in the first divection.

15. The lighting unit according to claim 14, wherein the
projecting portion is formed at a position on the second side
so as to be opposite to the depressed portion.

16. The lighting unit according to claim 14, wherein a
length of the projecting portion in a second dirvection that
crosses the first direction, the second divection being an in-
plane direction, is equal to ov smaller than a length of the
depressed portion in the second direction.

17. The lighting unit according to claim 14, wherein the
first positioning projection, the second positioning projec-
tion, the third positioning projection and the fourth position-
ing projection are positioned on the frame body and penetrate
the frame body from outside of the frame body.

18. The lighting unit according to claim 14, further com-
prising a second frame body which holds the light source
between the frame body, wherein

the second frame body covers the first positioning projec-

tion, the second positioning projection, the third posi-
tioning projection and the fourth positioning projection
when viewed from a novmal direction of the light guide
plate.

19. The lighting unit according to claim 18, wherein the
second frame body overlaps a peripheral area of the light
guide plate when viewed from the normal divection of the light
guide plate.

20. The lighting unit according to claim 18, wherein the
second frame body abuts the first positioning projection, the
second positioning projection, the third positioning projec-
tion and the fourth positioning projection.

21. A liguid crystal display comprising the lighting unit
according to claim 14, the liquid crystal display including a
liguid crystal panel placed so as to be stacked on a light
emitting face of the light guide plate.

22. An electronic apparatus comprising the liquid crystal
display according to claim 21.

23. A lighting unit comprising:

a light guide plate;

a light source that is provided along a side end face of the

light guide plate serving as a light incident face;

a frame body that holds the light guide plate and the light

source; and

a reflection sheet disposed between the light guide plate

and the frame body, wherein

the light guide plate includes:

a first depressed portion that is depressed from a first
side of the light guide plate in a first direction; and

a first projecting portion that projects from a second side
of the light guide plate in the first direction, the second
side being opposite to the first side, and is formed at a
position on the second side so as to be opposite to the
first depressed portion, wherein

a length of the first projecting portion in a second direction

that crosses the first direction, the first direction and the
second divection being in-plane divections, is equal to or
smaller than a length of the first depressed portion in the
second direction,

the rveflection sheet includes a second depressed portion

that is corresponding to the first depressed portion and
depressed toward the first divection, and a second pro-
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Jecting portion that is corresponding to the first projec-
tion portion and projects toward the first direction,

the frame body includes a first positioning projection, a
second positioning projection, a third positioning pro-
Jection and a fourth positioning projection,

the first positioning projection abuts the first projecting
portion and the second positioning projection abuts the
first projecting portion with respect to the first position-
ing projection in the second direction, and

the thivd positioning projection abuts a first inside face of 10

the first depressed portion and the fourth positioning
projection abuts a second inside face of the first
depressed portion, the first inside face and the second
inside face are positioned opposite to each other with
respect to the depressed portion in the second direction,
the first positioning projection and the third positioning
projection ave positioned at the same position in the

20

second direction so as to be opposite each other in the
firstdivection, and the second positioning projection and
the fourth positioning projection are positioned at the
same position in the second direction so as to be oppo-
site each other in the first divection.

24. The lighting unit according to claim 23, wherein

the first positioning projection abuts the second projecting
portion and the second positioning projection abuts the
second projecting portion with vespect to the first posi-
tioning projection in the second divection, and

the thivd positioning projection abuts a first inside face of
the second depressed portion and the fourth positioning
projection abuts a second inside face of the second
depressed portion, the first inside face and the second
inside face are positioned opposite to each other with
respect to the depressed portion in the second direction.
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