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(57) ABSTRACT

Disclosed is a light transmitting liquid crystal display appa-
ratus used with advantage with a television receiver having
a large-sized display not less thun 30 utch. A backlight
section (3) scndui out illuminating light is formed by a

plural number of rows made up of many hght emit tuig units
(15) arrmiged on the back surface of a liquid crystal display
panel (8) l(ach light emittin unit includes many I,ED units
(18) mounted on an interconnection substmte (17) and is
mounted in this state on a heat dissipating plate (28). A
rellcctuig ace(ion (6) for rcilccting thc light radiated from
each LED is finned by a large number of rclhmtive shcct
pieces (27), assembled 1)om one heat emitting uiut to
another, and a reflective plate (26) secured to reflecting plate
supports (4(1) formed on the heat dissipating plate
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1

BACKLIGHT DEVICE AND LIQUID
('RYSTAI, DISPI.AY APPARATUS

'I'I I('I IN I CA I. I I I EI.I&

This invention relates to a liquid crystal display apparatus,
having a light transmitting liquid crystal display (LCD)
device. dnd Io a backlight device used for flns hquid crystal
display apparatus

1'he present invention contains subject matter related to Io

.Iapanese Patent Application Jp 2004-22g(i25. filed in the
Iapanese Patent Office on Auv. 4. 200SL the entire contents
of wluch being incorpomted herein by reibrence.

IIA('K(iR(RJNI)AR'I's

compared to the cathode msy tube (CRT), the liquid
crystal display apparatus is enlarged ui display size. lighter
in weight and lower in power usa c, so Ihdt II is used lor a
relet ision receiver or for a venery of display devices, as is
a self-light-emitting PDP (plasma display panel), as an
example 1he liquid crystal display device encloses liquid
crystal benveen two tmsnsparent substrates of variable sizes
and applies electrical voltage across two electrodes provided
to Ihe Ir;mspareut substratcs to chan c Ihe orientation of the
liquid crystal molccules aud light transnutuvity Io make
optical display ol: for example a prcsct image.

In the liquid crystal display device. the liquid crystal itself
is not light radiating, and hence a light source is provided fiir
causing illuminated liJtt to be incident on the liquid crystal io
panel. The light source used may be of the side light system
in winch illuminating light is uicidmu from a lateral side of
the back surlbce of thc liquid crysial pmicl, or of the back
light system in which illunuuating light is directly incidmit
fmm the back side of the liquid crystal panel. 'I'he backlmht Is
unit, confiaured for supplying the ifluininating light from the
back side of the liquid crystal panel, includes a light source,
a light guide plate guiding the illuminatin li ht radiated
from Ihc light source to Ihc liquid crystal panel, a rcflcctive
ShcCL dlu! B h:IIS SIICCI Or B light dlflilsllig SIICOI, Bill IS do
CotlllgUICd for CBUslllg Ihc lllilllllllailll llglil, IddlBICd flolll
the light source, to be incident on the entire surface of the
panel.

As a light source, used for this sort of the backlight unit,
a cold cathode fluorescent lamp (CCLF), bavin mercury or d-

xenon enclosed in a fluorescent tube, is used. This type of
the backhght urut has such defccis Ihdt n is low m h ht
mnittuig brightness of the cold cathode fluoresccnt lamp and
is of short useful hfe, and that a loiv brightness area mav be
present on the cathode side such that unifiiun brightness
cannot be maintained.

In a liquid crystal display apparatus of a large displav size,
dn ared lit coniiguration backhglu device. provtdcxl with
plural elongated cold cathode fluorescent lamps on the hack
surface of a light difFusing plate, is used for illuminating I
dispLay light on the liquid crystal panel. This Brea lit
configuration backlight device also suffers the problem
ascribable to thc cold cathode Ihiorcsccnt lamp and, if the
device is used for a large formal television rcceivcr, cxcccxt-
ing 30 inches, the problem of utsuflicicnt bughntcss or io
insufficient unifiirntity of brightness becomes more promi-
nent

On Ihc other hand, in Ihe arcs lit coniiguration backlight
device. thcrc has been proposed an LED area lit conligura-
non baclJight, ui which larger numbers ol' ht mnittutg ss
diodes. sometimes abbreviated to I.I',l&s, of three prime
colors. namely red, green and blue light emitting diodew are

arrayed Iwo-duncnsionally on thc back surface side of thc
light ditfusing film to obtain white light In I,l!D area lit
configuration, it is possible to accomplish picture display to
high bnghtness on a large-sized liquid crystal panel with a
low power usage at a reduced cost of the LEDs.

Meanwiuie. as a light source used for an LED backlight
dcv ice. there have so Ihr been pro vnlcd a large number of the
LEDs arrayed in a nuitnx conligurdtion ot Ilt dll BITBV

cmtfiguration. In the array confi umstion I,I ID backlight
device, a large nuniber of I El)s are ntounted on the smne
co-axial line on an interconnection substrate to foun a light
emittutg unit. ivhilst a plumsl number of the light emitting
units are arrayed on the same co-axial line to form a light
mnitting array mid a plural number of such light cnuuuig
diTII)'s Btc till dllgixl iu dli ixpl ill ill(OI vs 1 froill 0110 Bilotllcr IO

foun a light emitting system. If, in this I lil) backlight
device, a large volume of ifluminating hght, radiated from
many I.EDs, is directly incident on the liquid crystal panel
through a light guide plate, color irregulanties or lamp
image are sometimes produced on the liquid crystal panel.

Thus, in thc LED backlight device, a light diflbsing plaie
is arrmigcd between a light guide plate and the light enuuuig
unit, the light radiated fmm each I,I:D is prohibited from
directly falling on its area facing each I I it), that is. the light
is once reflected or controlled in the incidence volume and
transmitted tiuough its peripheral Brea. Also. in the LED
bacl li ht device, a so-called side emission LED having
dircctivity such as radiates tlu: outgoing hghl mamly
towtlldS IhC OIIICI pcrlpliCDI ls USIXI Bs CdCh LED, 111 SIICII B

manner tlmt the liglit mdiated from each I.lil) will be
incident on a periphemsl area of the light dtflusmg plate. by
v ay of light equalization.

With the LED backlight device, a reflecting plate is
combined with each livght entittmg unit so that illuminatin
light will bc eihcicntly incidmtt on the liquid crystal panel.
Morcovcr. with Ihc LED bimklight device. thc mngouig
light, rcflcctcd by the hght diffusuig plate, or thc mitgouig
light radiated towards the outer nm. is reflected by the
reflecting plate to fall on the hght ditfusing plate 1'he
reflecting piete is founed ivith many guide through-holes in
register with the respective LEDs. and the hght emitting
parts of thc LED units arc protnidcd towards Ihe liquid
crystal panel fluough Ihcsc guide Iluough-holes.

Mcanwlule. in thc corn cntional LED backhght devices.
polymer-coated reflective plates are used as substrates
formed as expandable Pl:1 (polyethylene terephthalate) or
aluminum plate. The reflective plate is formed to substan-
tially the same shape as the liquid crystal panel. In addition,
iu the conventional LED backlight dcviccs, a hcrmctically
scaled spatial ace(ion is provided on thc back sale of Ihe
liquid crystal panel Ibr prohibiung leakage ol'hc illuminat-
ing light to outside In this spatial section. there are arranged
the aforementioned large munber of the I EDs and pLstes. In
this configuration of the LED bacl liJvtt device. there is
accunndated heat genemsted in the LEDs. If heat Is evolved
iu the LED backlight device, Ihc optical components or thc
rctlcctive plate, making up Ihc device, arecxpandcd and
changed in size, with thc result that relative position accu-
macy between each I,EI) unit and the guide through-holes
formed in the reflective plate is subiected to ofFset.

Moreover, with the above-described LED backlight
device. bavin the above-described structure of the light
enulting array, thc rclauvc positionuig venenous in Ihe
dimensional accuracy ol Ihc intcrcoiuicction substrate,
mounting accuracy of thc LEDs. duncnsional accuracy of
the hack panel and in the assembling accumcy of the
reflective plate significantly affect the accuracy in relative
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pos&t&ous between thc LEDs and rcspcclive gu&dc tiuough-
holes pmvided in the reflective plate engaged by these
I IIDs. The I ED backhght device is loaded v ith an increas-
ing number of I.l&I)s. while the reflective plate is increased
in size, with increase in the size of the liquid crysml panel.
In addition, there are provided a large number of guide
tluough-holes corrcspoudu&g to Ihe &uunber ol the LEDs.

Meanv bile. with the conventional I,EI) backlight device,
the machining accuracy of the respective components &s

made higher„while the components are assembled to high &n

accuracy. to suppress the adverse effects of the positioning
ofl'sm othciw&se caused due to heal generat&on bets&ecn the
large number of thc LEDs aud thc respcctivc guide Ihrough-
holes provided in the reflective plate and which are engaged
by these l,l!Ds I

However. if the machinin accuracy as well ns assembling
accuracy of Ihc co&upoucnts is made lugher, nol only &s the
proiluclion cost raised, but also thc production efficicncy &s

deteriorated
The guide throukfl&-holes, provided in the reflective pLate,zi're

Larger in d&nmeter than the LED size in order to take up
thc pos&lion ofl'sct betwem& Ihc guide lluuugh-holes and the
LEDs cngagcd thcrc&n. Should thc gu&dc fluouP&-holes be
enlarged in diameter in this manner, a large aap i ~ produced
bet&veen the guide through-holes and the i,l'.1)s, engaging
therewith, so that the illuminatmg light is leaked tiuougt the
gap to the back s&de to lower the light utilization efllclency.
Moreover. it becomes necessary to take measures for shield-
ing lhc light lo&ked Io Ihc back side, ihus lcaduig to a
co&iiphciucxl slruclin c so

The reflecting plate needs to be of n size matched to the
size of the LED backlight device. If the LED bnckhght
device is increased &n size. the reflecting plate itself also &s

lo bc i@crees&xl ui s&zc. For producuig a large-s&zixl rcfleclivc
plate. it has lo bc prepared from a material having a suflic&mu
mechanicai rigidity )o, the reflective plate formed by an
aluminuni plate is used The aluminu&n plate, forming the
reflecting pLate. has its surface coated vvith a polymer, as nn
insuLating material. for assuring electrical insulation. Even &f

the surface of the aluminum plate is coated with the insu- sn

laung malarial, bul &I'u&de tluou h-holes enga ed by the
LEDs arc tlu:n formed, thc aiumuium base material &s

exposed nn the inner periphemsl surtaces of the guide
through-holes. such that there is a risk that electrical insu-
lation cannot be maintained betvveen the reflective plate and as

the terminal part of the LED. en aged therewith. For resolv-
ing tlfis problem, it is contemplated to enLs&ge the guide
tin ough-hole so as to bc larger titan ihc outcr s&ze oLfl&e LED
Io present tiu: temuual of thc LED from conlactui v»th thc
inner surface of the gu&de thmugh-hole ilnwever. &f the
guide through-hole &s increased in size. the gap benveen it
and the LED part„en aged therewith. is also increased to
increase further the leal age of the ilhuninated light to the
back side.

ss
Problenl to be Solved by the Invention

It is an object of the present invention to prov&de a
backflgvtt device nnd a liquid crystal display apparatus
&vhereby the above problem may be overcome nnd the
utilization eific&ency of light radiated from a light source &s io
improv&xl to miablc l&ght p&cturc d&splay.

It is another oblect of the present invention to provide a
backlight dcv&ce and a hqunl crystal d&splay apparalus
&&hereby ical age of light rad&sled I'rom thc light guide
spaiial acct&on &s suppressed lo improve lhc 1&ghl ul&hzal&on ss
efliciency as the niachining and assembling of respective
component parts are facihtated.

In a backlight de»cc according to thc prcscnt uivenl&un,
many light emitting diodes are mnunted on the san&e axis iul
one surface of an interconnectinn substrate to form a light
emitting unit, and a plurality of such light eniitting units are
arrayed at equal intervals on the same co-axial line~ throu h
an optical sheet block to fornla light emittin array on which
falls lhc illunui&atcd 1&ght. This backl&ght dev&cc includes
plural mmibers of rcflcclivc sheet pieces and reflectivc plaice
which are assembled to a heat mdiating plate carrying plural
intercnnnection substmtes and forming the light emitting
array

A heat dissipating plate is formed of a metal material
having heat conductivity, in which the ma)or surface of a
bine lhcrcof is formed with a substrate lining part lor
carry&ng the interconnection substratcs s&dc-by-sale along
both s&des of the substrate fittin part 'there are for&ned
reflective plate supports for extending along both latemsl
sides nf the substrate fitting part. 'I'he respective reflecting,
sheet pieces are fom&ed of a sheet material exhibiting
reflection characteristics and are of a leach correspondin
to llm length ol'a preset number of light cm&uing diodes and
a w&dlh smaller d&an the vv&dth of the heat rad&sling plate.
Etch of the reflective sheet pieces includes a plurality of
guide thmugh-holes through which are passed light emitting
parts of the light emitting diodes 'I'he reflecting plate is
formed from a plate material exhibiting reflective charac-
teristics to an outer shape approximately equal to the outer
shape ol the l&quid crystal panel. Thc rcflccung plate has a

plurality of rows of gu&de openings lluough wluch arc
passed the light emitting parts of the light emitting diodes

'I'he reflecting sheet pieces are mounted to the heat
msdiating pLstes as the light emitting parts of the light
emitt&n diodes are protruded via fac&ng guide through-
holes. vvith the reflecting plate being superposed on the
relhccl&vc shccl p&ceca m&d bonded in Ihw slate to Ihe
relhccl&vc plate supports ol Ihc heat rad&sung plate, ui a
miuu&cr thai thc light mn&tlu&g d&odes protruded through Ihe
guide thrnugh-holes of the reflective sheet p&aces are pn&-

truded through the guide openings to face the back side of
the l&qu&d crystal panel. The reflecting plate, bonded to the
heat radiatin plate, holds each reflecting sheet pieces to
prcvm&t Ihc outgouig light radiated from Ihe 1&ght cnultu&g
d&odcs Irom leakuig to lhc bacl surl'acc s&dc.

With Ihc backlight dcvicc. accord&ng to thc present inven-
tion, in which the reflective sheet p&aces are assembled from
one light emitting unit to another, the light emanated from
the li ht emitting diodes may be prevented from leaking vin
the guide tiuough-hole without it being necessary to assure
excess&vc accuracy in mncluning aud asscmbl&ng Ihc light
enult&ng diodes cn aged u& these gunle through-holes.

A lmal p&pc lilting perl &s fornu:d ui llm base of each heal
msdiating plate, over the entire ion itudmal length of the
base A heat pipe is mounted in the heat pipe fitting part in
close contact v, ith its inner wall nnd heat genemsted from the
light emittin diodes and conducted to the heat dissipating
plate is Iransnutled lo beni d&ss&pat&ng &nouns by thc heal
p&pc assembled &n Ihc heat p&pc Iitl&ng pnrt.

A dust-prooling clasuc member &s bonded to each rcflcc-
tive plate support provided on a lateral side of each heat
msdiating plate I &ach dust-proofing elastic member closes
the opened lateral side of the substmste fitt&ng part. carrying
the interconnection substrate, fi&r preventing dust and dirt
from intruding into lhe ins&dc of Ihc substrate till&ng pan.

Each guide opcnmg I'ouncd &n the reihccuvc plate in
assoc&ation &s&th each light emilt&ng army & ~ fi&rmcd by a
munber nf groups of uide openings arranged on the smne
coax&ai line, with each group being sepamsted from each
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i

neighboring group by n br&dgc Ibr allo&s mg a plural&ty of thc
li ht emitting diodes to pass therethrough

'liie reflecting sheet p&aces are assembled to the respective
interconnection substrates as the light emitting diodes are
passed tluough the m&ide throu h-holes. The reflectin plate
is nnlunted to the reflecting plate supports of each heat
radiaung plate. Each bndgc of the rcflcciing plate tlmists the
reflectmg shcct pmccs against Ihe heat rad&aiulg plate Io
prevent floatmg of the reflecting sheet pieces

liach reflecting sheet piece is forined by an insulatiag Io

polymer sheet material, and the reflecting plate is formed
from an aluminum substmste. To the inner peripheral edge of
each guide opening, faced by the aluminum substrare. form-
ing thc rcflect&vc plate, &s mounted an uulcr penpheral cdgc
of each guide through-hole fomicd in mch rcflective sheet
piece lesser in dianieter than the guide opening over the
entire periphery liy the portion of each reflective sheet piece
pmtruding tolvards the inner peripheral edge of each guide
opening of the reflective plate, it is possible to maintain
electrical insulation between the aluminum substrate form- zo

ing the relhxuvc plnte and thc tcnninal part oi'ach light
cnnuuig diode by each rcflcctivc sheet p&ccc.

%liquid crystal d&splay apparatus according to the present
invention includes a light tmnsmitting liquid crystal panel, a
backlight section having a large nuinber of light enuttiag
diodes for em&sing a large volume of illuminating hght
corresponding to the li ht radiated Ibom the lighr emitting
d&odcs to the 1&qu&d crystal panel, an optmal converting
sccnon Ior sublcci&ng thc &llununating h ht Io prescl optical
conversion and for causing the resulting, illuminating. light to lo
fall on a liquid crystal panel, a light guide unit for causing
the illuminating hght to fall &n an equalized state on the
liquid crystal panel, a reflecting part for reflecting the light
radiated from each light emitting diode to the surrounding
towards Ihc 1&ghi gu&de un&t, mid a heat thss&panng sect&on ls
for d&ssipating thc heat gcncratcd ui Ihe backh hl section.
Thc backlight sixuon u&cludcs a plurahty of light mn&ituig
arrays arranged at equal mtervals on one surface of an
interconnect&on substrate. each light emitting array beiag
conlposed of a plurality of li ht emitting units. each of do

lvhich is made up of a plumlity of fi~ptt emiuin d&odes
&noun&cd on Ihc same co-ax&al luie. Thc optmal converting
sccuon is arranged bctwccn Ihc liquid crystal panel and thc
bacl light ace&ion, and formed by a laminate 01 a plurahty of
functional optical sheets ftlr processing the illuminating h ght
supplied from the backlight section with preset optical
conversion to send the so converted illuminating figtt &n a
stabilized state to the liquid crystal panel. The optical
comerting sect&on &s ff&rmcd by a lmnumic of funct&or&al

optical sheets. arranged between Ihe liquid crystal panel and o

thc backllgllt sect&on. Snd pcliornls Ihc 1010 01 polallzlllg Ihc
illuminating hght to orthogonal coinponents, the funct&on of
correcting the phase d&fference thereof to widen the angle of
field of view and to prevent colomstion. and the function of
li ht difl'usion, thereby allov in the illuminating lighr. radi- 11

died Irom Ihc backl&ghi sccnon, to fail in a stab&hzed state on
the 1&qu&d crystal panel.

lilt: light collductnlg sccnon h&eludes a hghl iMhsulg
li ht auide plate and a light diffusing plate 'the Imht
diffusina EPI guide plate is formed from e.g a milk-wlute (o

light conducting polymer material to a veritable rhickness
and diiTuses the incident illuminating light in the inside
&bert:of Io t:lint Ihc rcsnlinlg llglli lion& tile conic surtlx:c
thcrcof in an averaged state to Ihc oplical convcrling section.
Thc hght diflus&ng pari of Ihc 1&J&t conducting section ss
selectively performs the reflective ditTusing operation and
light transnutting operation on the illmninating light to

cqualizc Ihc luminance to cause thc l&ght io be incxlcni on
the light difl'using light guide plate 1 he light d&ffusmg plate
is formed e.g of a transparent polymer n&aterial and many
light dimmer parts exhibiting light reflect&ng diffusing pmp-
erties are formed in the portions thereof in register with the
respective light emitting diodes. The li ht diffusing plate
controls thc volume of light radiated Ibom tlm dirccily
undcilvulg hglli cnnttnlg diodes and ux:uh:lli lhclcon Io
suppress generatinn of a partially high brightness area to
pernnt the backlight to be incident on the entire surface of
the light diffusing light guide plate w&th even brightness

The heat radiating section is formed of a metal material
exhib&t&n heat conductivity and includes, on the major
surface of a base. a plural number of heat d&ss&paung plates.
each havuig a substrate Iiuulg part, support&ng pluml intcr-
ctuulcctioll substrates side-by-s&de along the longitudinal
direction nn the same co-axial hne. 1 he heat radiating plates
foun suppnrt members of the light em&tting units and
represent heat dissipating plates associated with a plural
number of light emittin arrays by being arrayed co-axially
at equal ulicrvals onc Ibom mioflu r on thc back surihcc of Ihe
1&qu&d crystal panel. Each heat d&ss&pat&ng plate includes
upstanding retiective plate supports for extending along lxlth
sides of the substrate fittin part and the reflecting plate is
bonded tn these reflective plate supports.

Each heat dissipating plate is prov&ded v ith a plural
number of groove-like heat pipe fitting parts, ln a bottom
surface section of Ihc base fonncd w&th substrate Iiuulg
sections, with each ofheal pipe Iitiing paris bmng composod
of plural heat pipe fitting parts arranged side-by-side along,
flair entire lengths on the same co-axial line A heat pipe is
assembled in the heat pipe fitting part of each heat radiating,
plate in tight contact with the inner wall thereof and heat
evolved in the light enlitting diodes &s transmitted by tlfis
heal p&pc Io a heat dissipatulg means

Thc rctlcciuig section rcflects the hghi rad&at(xi from 0&ch

1&ghl cnutiulg d&ode Io ihe surrounding and thc hght rcflcci cxI

from a hght dimmer part of the light diffusing plate towards
the light guide section 1'his reflecting section includes a
plurality of reflective sheet pieces and a reflecting plate
having an outer shape approximately equal to that of the
1&quid crystal panel. Each of thc reihxuvc sheet pumcs is
formed Irom a sheet havuig rellccting properucs Io the shape
of a rcctanglc havuig a lenglh corrcspondulg Io a prcsel
nunlber of the light emit(inn diodes and a w&dth smaller than
the w&dth of the heat radiating, plate I:sch reflect&ve sheet
piece & s provided lv ith a large number of m&ide through-holes
formed on the same axial line. These guide through-holes
are providcxI for extend&ng along the same co-axml linc and
are passcxl Ihrough by 1&ght cmiiluig paris of the light
enuit&ng diodes.

I'he retiecting sheet pieces are mounted to the heat
dissipating plate as the light emitting parts of the light
emittuig diodes are protruded throug&hthe guide tlm&ugh-
holes facing the light enlitting parts. The reflectmg plate is
bonded to Ihc reflccnng plate supports ol thc lmdt radiatulg
pli&ics ds the rellectlt 0 plait: Is supe&posed on Ii&0 rcflccilvc
sheet p&cces to Ii&nn Ihc rcflccin e sect&on. Thc light cnuuulg
diodes protruded fmm respective guide through-holes of the
reflective sheet pieces face the back surface section of the
liquid crystal panel as the respective light emittin parts are
protruded from the guide openings.

Thc lmdt generated in the plural light mn&tung (bodes &s

d&ss&pated Iluough a heat diss&pating plate havu&g Ihe func-
t&on of supporting Ihc uilerconnection substrate. The heal
pipe is assembled in Ihe heat pipe htting part. formed over
the entire area along the length of the bottom surface of the
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base oi'hc heat dissipating plate, ul ughl conulcl with thc
inner wall thereof, for transmitting the heat evolved in each
li ht emittin diode and transmitted to heat radiating. means.

'Ihe guide opening fornled in the reflective plate in
association with each ligrht emitting array is formed by a
plural number of mups of guide openings arranged on the
same coaxial linc, with each group of guide openings being
scqtamtcd from a ncighborulg group by a bridge for allowing
a plurality of the light enlitting diodes to pass therethlough.
As the reflecting plate is bonded to the retlecting plate ln

supports nf each heat radiating plate. the bridge thnists the
reflective sheet pieces towards the heat mdiatilig plate to
hold the reflective sheet pieces against floatin .

llic reflectivc sheet puxcs are formed of an insulating
polymer sheet malcnal, wlulst Ihe rcflcctive plate ls formed
of aluminunl as hase nlaterial An opening edge of each
guide opening m the reflectiv sheet piece is prntruded
imvards over an entire peripheral part fnlm an opening edge
of each guide througrh-hole of the reflective sheet piece,
smaller in diameter than each guide opening. in a manner of lo
nliunlahung clccllli al hlsilliulon between lhc uulcl ixlgc of
each guide operung and a tcnnirml part of each hghl mnlllulg
diode

With the backlight device and the liquid crystal display
apparatus. enlploymg the backlight device, according tn the
present invention. picture display may be made to hi h
brightness. even in a large sized liquid crystal panel. Ss a
large 1 olumc of illuminating hglu ls supplied from Ihe back
piulcl hl dn cquahzcd sidle. Even hl ville lilgh nlaclinlulg
accuracy or hmh asselnblulg accuracy of the compnnent lo
parts is not maintained. the illuminating light radiated frnnl
each light emittmg diode nlay be suppressed from leakage to
improve light utilization efhciency to enable dispLly to high
briptttlcss.

Other obtccm and spccilicd advimtages of Ihc present ls
invention will become morc apparem from flle followulg
cxplaluillon of prcfcrrcd mnboduncnts thereof especially
when read in conjunction with the drawings

BRIEF DESCRIPTION OF THE DRAWINGS do

FIG I is an exploded perspective view showing essential
parts of a light transmitting hquid crystal display apparatus
enlbodying the present invention.

FIG, 2 is a longitudinal cross-sectional view showing I-
essential parts of the light transmitting liquid crystal display
dppdldnlS.

FIG. 3 is a plan mcw showulg a hght guide scxtlon, a
backlight section and a reflecting section, with portions
thereof bein cut alvay o

FIG. 4 is an exploded perspective view show:ing essential
parts of a light emitting unit of the backlight section, and a
reflecting pLate and a reflectmg sheet piece of the reflecting
sci'lion.

11(i 5 is a longitudinal cross-sectional view shov ing 1

essential parts of the light emitting unit of the backlicht
section, and the reflecting plate and the reflectin sheer piece
ol Ihc Icflccfing sccuon.

11(i 6 is a longitudinal cross-sectional view shov ing
essential parts of the hght guide section and an optical stud io
member.

BEST MODE FOR CARRYING OUT THE
INVENTION

Ss

Referrin to the dmlwings, an embodilnent nf the present
embodiment, applied to a hght tnlnsmittina liquid crystal

color display apparauis. abbreviated to a hquld crystal
display apparatus. will be explained in detail

A liquid crystal display apparatus I, according to the
present invention. is used in, for exanlple, a television
receiver or a dispLly nlonitor apparatus bavin a large
display surface. for example. a 30 inch display surface or
larger. Rcfi:rring to FIGS. 1 dnd 2, Ibis hqunl crystal display
apparatus I ulcludcs a liquid crystal panel unit 2 and a
backlight section 3 mounted on the back side of the liquid
crystal panel unit 2 to mdiate a large volume of illuminating
light. l3enveen the liquid crystal panel unit 2 and the
bacl li ht section 3, there are arranged an optical converting
section 4 for applying predetermined optical conversion to
thc illuminating light. radtatcxl from the backhghl section 3.
and for causing Ihc hght to fall on thc hquld crystal panel
unit 2, a light guide section 5 for causing the illuminating,
light front the backlight section 3 to fall on the liquid crystal
panel unit 2 in ml equalized state. a retlecting section 6 filr
reflecting the iiluminating light mldiated from the backlight
section 3 to a surrounding area to the light guide section 5,
and a heat dlssipaung scxnon 7 for dissipaung thc heal
gcneratcd ln thc backhghl section 3.

I'he liquid crystal pane unit 2 includes a liquid crystal
panel 8 nf a large display picture image size of a 30-inch size
or larger. 'I'he liquid crystal panel 8 has its outer rim part
sandv iched and carried between a front frame member 9
and a holder frame member 10 via a spacer 11 or a guide
member 12, as shovul ul FIG. 2. The holder friunc member
10 and a back pmlcl 13. whicl wifl bc cxplmned ul dciail
subsequently, fnnn a chassis and are secured to a mounting,
part of an enclosure. not shoivn 'ill the chassis member are
mounted respectii e component members. On the front side
of the liquid crystal panel 8 is mounted a cover glass sheet,
not shown.

Thc hqunl crystal panel 8 ulcludcs a lirst glass substrate,
provnlcd with a udnspdrenl electrode, a second glass sub-
strate, similarly prox ldcd with a transparmit chxtrodc,
nxlunted with a spacing from the first glass substrate, which
spacing is maintained by e.a glass beads. and which also is
charged lvith liquid crystal. The onentation of liquid crystal
molecules is changed by an electncal field generated on
applying an chxtncdl voltage across thc chxtrodcs provided
to the glass subslralcs. On Ihe iiulcr surlhce ol'he first glass
substrate oi'hc hquid crystal panel 8 are lbrmcd striped
transparent electrndes. an insulating film and an orientation
filnl. On the inner surface ofthe second glass substrate of the
liquid crystal panel 8 are fomled color filters of three prime
colors. an overcoat layer. striped tmnsparent electrodes and
an oricnlanon lilm. On Ihc surfaces of iirsl and second glass
substratcs are bonded a hght polanzing lilm imd a phase
dllfcrmicc lilm, rcspcctivcly. On thc hquld crystal panel 8. an
orientation film nf polyimide is arrayed horizontally lvith
liquid crystal molecules as a bnundary surface. 1'he light
polanzln film and the phase difl'erence film provide for
non-saturation v:hite light wavelen th characteristics in
order to display a recco ed picture with full-color represen-
tation by a color liter.

Il is noted that thc hquid crystal panel 8, employed ul thc
present invention, is not limited to the one described above,
and a variety of liquid crystal panel structures so far pre-
sented in the art may be used.

On the back surface side of the liquid crystal panel unit 2
is mountcxl Ihc backlight section 3. as shown ln FIG. 2. The
backhght scxnon 3 ls arranged facing thc enure surlhce of
lhc hquul crystal panel unit 2 and, hl cooperation with lhc
liquid crystal panel unit 2. constitutes an optically hermeti-
cally sealed light guide section 14 A preset munber of light
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mnllluig units 15 arc arranged on a single lute lo lrom a h hl
emitting array 16. A plural number of the light enutting
arrays 16 are arranged parallel one to another at a preset
interval one from another to constitute the backlight section
3. In FIG. 3. three of the light emitting units 15 are arranged
lengthwise to form a row of the light emitting arrays 16, and
six of such row s of the hghl cmiuuig arrays 16 are arranged
side-by-mdc ui thc hmght-wise direction. Thus, 3x6=18 light
emitting units 15 make up the backlight section 3.

I iach light emitting unit 15, forming, the backlight section la
3, is made up by e g an interconnection substrate 17. plural
LEDs 18„mounted on the interconnection substrate 17, an
inputting connector 19 and an outputting connector 20, as
shown ui FI(i 2. Iu the backllglu sixuon 3. a sum total of
25 LED umts 18. each composed of a rcd LED, a green LED
and a blue I ill), are mounted on the interconnection sub-
strate 17 of each light enlltting unit 15. with the 25 I.IIDs
being arrayed in senes on the same co-axial line Gonse-
quently. 25x3=75 LEDs 18 are provided for each light
emitting array and. in the backlight section 3. a sum total of io
75x6=450 LEDs 18 Brc provtdixi in ihe six rows.

Relbrnng to FIGS. 2 and 5, each LED uiul 18 has a light
emitting part Pgir held by a resin holder 18k, from which
resin holder are led out a pair of terminals 18c. Although not
sholvn in detail. each I,l:D 18 is a so-called side eniission
LED exlfibiting light emission directivity. and radiates the
main portion of the mdiated hght towards the outer periph-
ery of lhc light cmituug part 18a. Meanwhile, the munbcr of
Ihe light ennuing units 15 of thc bacldl hl seclion 3, or thc
number as well as the intervals of the I.IID units 18, ls lo
deternlined depending on e g. the size of the liquid crystal
panel 8 or Ihe light enlltting capability of each I I ID unit 18.

In the light emitting units 15, the interconnection sub-
strates 17 are formed to the same design parameters.
Although not shown. thc lntcrconnixuon pattern for senal ls
conncxlion ol'he LEDs or lands inlcrcoiulccling thc tcmu-
nals of thc LED units 18 arc fonucxt on each uitcrcoiulcclion
substmte 17. 'I'he inputting connector 19 and the outputting
connector 20 are mounted on one end and on the opposite
side in the vicinity of the width-wise lateral side of each so
interconnection substmte 17

In each hghl emitting array 16, Ihc light cmltling units 15
dre arrayed ui Ihc same row so Ihat lhc uilercoiuleclion
substrate 17 will be oriented in thc mdmc direction, as shown
in Fl(i 3. 1 he light enlltting units 13 of the odd-munbered
li ht emitting arrays 16, that is. the light emitting arrays of
the first, third and the fifth rows. are arrayed so that one side
edges of die interconnection substrates 17 carrying the
inpuuing connectors 19 aud lhc oulpuum conncxtors 20 are
down-tumed On thc other hand, lhe hghl emlltmg units 15 o

ol'he elan-munbered light cmiuln arrays 16, tlml is, the
light emitting arrays of the second, fourth and the sixth rov s,
are arrayed so that one side edges of the interconnection
substmtes 17 carrying the inputting connectors 19 and the
outputting connectors 20 are up-tumed. S.

Hence. in the light emitting array 16 a given row, thc hghl
mnllluig uru la 15 Brc arrayed so Ihal Ihe input ung couneclors
19 anil thc outputting connixtors 20 ol thc two neighboring
interconnection substrates 17 in the seine row face one
another Moreover, the light emitting arrays 16 of the ro
even-numbered and odd-numbered rows are arrayed so tlmt
the inputtin connectors 19 and the outputting connectors 20
ol lhc uilcrconnection subslralcs 17 of thc Iv,o facm light
cnniluig uiuls 15 I'acc one miolhcr.

lite light emitting array 16 ui Ihe same row arc inlcrcon- ss
nected in series by lead wires fitted with connectors. not
sholvn Since the inputting connectors 19 and the outputting

connixlors 20 face one another, inlcrconncclious across thc
light emitting units 15 nlay be of shortest length In each
light enlitting array 16, the inputtillg conilector 19 is
arranged on the rightmost end of a right-hand side light
emittin unit 15 of each odd-numbered row, while the
outputting connector 20 is armnged on the lefimost end of a
left-hand side light cmitung umt 15. Similarly, ul each light
cnulting array 16, Ihc output lulg colulcclor 20 is arranged on
the leftnlost end of a left-hand side light emitting unit 15 of
each even-numbered mlv. while the inputting connector 19
is arranged on the rightmost end of a right-hand side light
emittuig unit 15 of the sante rois. In each light emitting array
16. lead lines are laid by exploiting a longitudinal spacing
formed between an odd-mimbcred row Bnd an even-mun-
bcrcd row. The lead lines dre pulled ullo Bnd oul of each
spacing via a pull-out openin, not shown, formed in the
back panel 13, mid are bundled in each spacing by a clmnper,
not shown

In the backiiptt section 3. the above spacing may be
utihzed efiiciently, while the interconnection process may be
sunplffied, by holduig and guiduig the lead lines by lakulg
advantage of lhe spncing fonncd between Ihc hght enullulg
arrays 16 In the backlight section 3. mistaken mounting of
the light emitting units in the same row and benveen the
neighboring mlvs may be discriminated based on the posi-
tions of the inputting connector 19 and the outputting
connector 20 mounted on each interconnection substrate 17.
Morcovcr, in thc bacl light section 3, the interconnection
struclurc or Ihc inlerconnlxlion process across Ihc intercon-
nection substrates 17 may be simplified, or the lead lines
may be used in common. ov ing to the configumstlon of each
light emitting array 16

In the liquid crystal dispLsy appamtus I, the lar e volume
of the illuminating li ht, based on ligrht radiated from each
LED uiul 18 of the backlight section 3, lhlls on thc liquid
crystal panel 8 via optmdl corn erring secuon 4. Tlus oplmdl
converting section 4 includes a laminate ol a pluml number
of functional optical sheets having an outer profile approxi-
mately simiLsr to the outer profile of the hquld crystal panel
8. Although not shown in detail. the laminate of the optical
converting section 4 is made up by a plural number of
fhnctlollill ilpllcal shi:1:ts, pcllomlhlg a Calli:lv of opncdl
fhnctlolls, sucli Bs B fullctlonid opncdl sllci:I fol polanzulg
thc illuminating light. ulcidenl from the backlight section 3.
into orthogonal polarized liaht components, a functional
optical sheet for compensating for the phase difference of the
illuminating liglu for increasing the angle of field of view
and for pret enting colomtion. or a functional optical sheet
dilfusing the illuminanng light.

Rcfi:rring to FIG. 2, lhc optical couverung section 4 has
the lanunalc ol'hncuoruil optical sheets combulcd with Ihe
major surface of a light difi'using conducting plate 21 of the
light guide section 5, as later explained, and is arnsnged on
the back surface side of the liquid crystal panel 8 by a holing
bmcl et member 22. assembled to the back panel 13, so that
a prcdctermincd spaculg is mmnlaincd betwixu thc optical
converting section and thc liquid crystal panel. Thc optical
converting section 4 is nol hmitcxl to thc above-described
lanunate of functional optical sheets and may also include,
as other functional optical sheets. a brightness improving,
film, a phase difference film, or a set of upper and lower
difi'using sheets with a prism sheet saudis iched in-benveen.

In lhc llqunl crystal display apparatus 1, thc lllumiualulg
light, scut I'rom Ihc backlight section 3 ma thc light guule
section 5. Is equalized in bnghuicss across lhc enure surface
and guided through the liaht uide section 14 so as to fall on
the liquid crystal panel 8 through the optical converting
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sccuon 4. The light guide sccuon 5 rs nuirlc up by a h hl
diffusina conducting plate 21 and a light diffusing plate 23,
which are mamtained at a preset facing, distance from each
other by an optical stud member 23 and arranged in the lmht
uide section 14. in a manner which wifl be explained

subsequently.
lire hght difl'using conducung plate 21 rs a plate of the

same size as and a tluckness slightly tlnckcr than thc liquid
crystal panel 8, molded from a light conducting milk-wlnte
polymer material, such as acrylic polymer or polycarbonate in

polymer. lire light diffusing conducting plate 21 is conl-
bined on its one major surface with the functional oprical
sheet laniinate of the optical converting section 4 and has an
outcr penptu:ral part rctarncxt by a holding bracket mmnber
22. The light drlTusrng conducting plate 21 difflises thc
illuminating light. mcident from the opposite side major
surface, by internal refmsction and irregular reflection. to
cause the so diflirsed illuminating light to be incident front
its one major surface to the optical converting secrion 4, as
the light is equalized in brightness over its entire surface ro

lire light ddl'using plate 23 rs a plate mcmbcr fiimicd of
a Ir;msparenl polymer material, such as acrylic resui, Io
substantially the same size as the liquid crystal panel 8. and
is arrmiged with a preset spacing from the backlight section
3 'I he light diffusing plate has the function of controlling the
state of incidence of light radiated from the LED units 18.
ik light ditmner pattern 24 is formed a site of the hght
difl'usmg plate 23 rn register with a hghl enutling part lgir
of each LED unit 18, as shown ui FIG. 2.

liach liaht dimnier pattern 24 is formed by printing a so

circular pattern slightly larger in diameter than the hght
emitting perl lga of the I I iD unit 18, with an ink exlubiting
light reflection and diffusion characterictics. Each light dim-
mer pattern 24 is formed precisely, by e.g. a screen printing
method. usuig an uik obtained on nuxing uik uigredrents, sc

includmg a hght shielding agent and a ddl'usus agent, in a

preset ratio. Thc light shielding agent, used ui the uik. may
be enumerated by titanium oxide, barium oxide, calciunl
carbonate. alumina oxide, zinc oxide, nickel oxide, calciunl
hydroxide. lithium sulfide. tri-iron tetroxide. powders of so
methacrylic resin„mica fsericite). powders of kaolin. kaolin,
bcnlonilc. powders of gold or pulp libera. The diffiising
agents, uscxt in thc rnk, may bc enumerated by. for example,
silicrum oxide, glass beads, linc particles of glass, glass
fiber~. liquid silicon, quartz powders, gold plated polymer s
beads. liquid of cholesteric liquid crystal and powders of
re-crystallization acrylic resin.

The light diffusing plate 23 retlectc the light radiated
directly upwards I'rom llm light enuuuig perl 18a of the LED
unit 18, arranged directly below the light dmuner pattern 24 o

thcrcof. The light dilTusing plate 23 allows the rllumuiatcd
light to be incident in a region thereof not carrying the hght
dimmer pattern 24. that is. in a region thereof not directly
facing each light emitting array 16. The light diffusing plate
23 controls the light„msdiated thorn each LED unit 18 and s.
directly incidmit ou thc light dilTusing plate 23, by each hghl
dmuncr patlcui 24, lo radiate thc illunnnalmg light on thc
miirrc surface ol thc light ddlusing conducluig plate 21. as
the light is equalized in brightness by suppressing generation
of a locally high brightness area on an illuminated surface. ro

The light difl'using plate 23 may also be desi ned so tlmt
each light dimmer pattern 24 ic formed by a large number of
dois foirncd in an arcs larger ui drsmcler llxin the light
cnnuuig part lgir of the LED 18 such ss to limit thc volume
ol'ncident light by partially trmismiuing imd by partially sc
reflectiim and diffusing the msdrated light 'I'he light ditfusing
plate 23 may be formed in this case as a so-called gradation

pattern by having the dots of each light dinuner pattern 24
so as to be higher in a center area than in a penpheral area
for limiting the volonte of incident light in the center area
and for taking up the position misre istration with respect to
the LED iuiit 18. It is noted that. in case the side emission
LED unit 18. described above„ is used, the illuminated light
tends Io be concenlrntixi in mi arcs dclincd between the light
enultrng arrays 16. In this considcrauou, each light dinuner
pattern 24 may be elonaated in an up-and-down direction to
suppress this phenomenon

It is nnted that pan of the radiated light. radiated from
each LED unit 18 and incident on the light drfhistng plate 23
at mi angle beyond the critical angle. is reflected on the
surface of the light dilTusing plate 23 Thc hght radiated
from each LED uiul 18 ol'he backlight section 3 to s
surmunding area, the radiated light retlected from the sur-
face of the light diffiisina plate 23 or the msdiated light
reflected from each li ht dimmer pattern 24, rs reflected by
the reflecting section 6 and incident via the light diflusin
plate 23 etflcientiy on the light guide section 5. The reflect-
ing section 6 repeatedly rcflccls light bclw ceu rl and Ihc light
drlTusing plate 23 lo unprovc retlectaucc basest on Ihe
principle nf augmented reflection

l(eferring to Fl(iS 2 and 4, the reflecting section 6 is
made up by a large-sized retlecting plate 26 and a lar e
number of reflective sheet pieces 27. provided from one light
emittuig unit 15 to another. The reflecting plate 26, wlfich
will bc cxplauied ui dc(ail subscqumitly, is combuied with
thc backlrghl sccuon 3, as il rs positioned by a heat dissi-
pating plate 28 forming the heat dissipating section 7 and by
the optical stud member 25 It is by this reflecting pLste 26
that the rettective sheet pieces 27 is retained in position

Since the reflecting plate 26 has a higher surface accuracy,
is free from distortion and is formed as a large-sized member
of substantially Ihc smnc size as Ihc liquid crystal panel 8,
combrncd vs rth lhe light guide section 5 at a preset distance
therefrom, the reflectmg plate is requirixl to bc ol'a certain
mechanical rigidity 'linis. the reflecting plate 26 rs formed
by a plate 29 of, for exiunPI. aluminuni. and a layer of
expandable PET 30, containing phosphorescent agent~. and
which is bonded to the surface of the plate 29. The reflecting
plate 26 may be fomicd nol only by an aluminum plate. but
also by a stainless stccl plate prcsentuig a mirror surface. In
case thc rctkxling plate 26 is used fora liquid crystal display
apparatus of a smaller size, it niay be fiirnied by expandable
Pl!T containing e 8, a phosphorescent niaterial 1'he expand-
able PET is lightweight, exhibits high reflectance on the
order of 95%. and presents a color tint diff'erent from metal
luster color such lliat grazuig on the rctlcclrng surlacc is nol
outstanding. For flus reason. Ihc cxpandablc PET rs used in
convcnliorial hqunl crystal dcviccs as wcfl.

l(eferring to FI(i 3, the reflecting plate 26 is provided
with six rows of guide openings 31 in association with the
light emitting array 16. In more detail„each row of guide
openings 31 includes a number of horizontally dongated
rectangular-shaped urn( gunlc opmnngs 32a lo 32a, arranged
ou the same co-axial lure miil separated from ouc another by
budges 33. These umt guide openings arc sometimes
referred to belov, as a unit auide opening section 32 I iach
opening of the unit guide opening section 32 has an opening,
v idth slightiy larger than the outer diameter of the light
emittln part 18a of the LED unit 18 and a length lon
enough to irltovv tive LED units 15 to pass theretlumigh.

Sumc each light emiuuig array 16 has 75 LED units 18,
each rom ol'uide opcnuigs 31 is made up by 75e5=15 urul
guide opening sections 32 'I'he guide openings 31 are not
linuted to the abnve confi uration and may be designed as
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sole opening havuig a length corresponding to the entire

length of each light emitting army 16. However. since each
bndge 33 of thc row ol'guide opcnin s 31 must play thc part
of assuring mechanical rigidity of the reflecting plate 26 and
also ol'perating as a site for holding thc rcflective sheet
pieces 27, the unit guide openuso section 32 is preferably of
a length just large enough to permit several LED units 18 to
pass therethniugh

Each rcflectivc shcct piccc 27 is fonucd ol' matcnal
1 I i

having high reflection characteristics, such as the aforenien-
tioned expandable PET, to a rectangular profile of subsmn-
tiafly the same length as each interconnection substrate 17

and a width slightly smaller than the width of the heat
dissipating plate 2. Thc rcflccuvc shcct piece 27 is provided
ivith 25 guide through-holes 34 in register with the 25 LED
unim 18 provided ou a single straight lute on each light
emitting unit 15 'I hese guide through-holes 34 are formed
side-by-side along the length-wise direction on thc siunc
co-axial line in the reflective sheet piece 27 and are each a zo

circuLar opening the inner diameter ofwhich is substantially
equal to that of the light emitting part I go of the I IiD unit
18.

'lite reflective sheet piece 27 is combined with the inter-
coiuuxuon substrate 17, camixl by thc heat dissipating plate
28. as the light eniitting parts Na of the I.liD units 18 are
passed through the registering guide through-holes 34. front
one light emitting unit 15 to another. The reflective sheet
piece 27 is of a size equal to the size of the light emitting unit
15 and may be directly combined with thc uitercoiuiection
substrate 17 fiir prcciscly positioning flie LED umts 18 from
the respective guide tluough-holes 34. Hence, the reflective
sheet piece 27 permits the light emitting part I gn of the I I il)
unit 18 to be protruded from the guide thniugh-lxile 34 in a
state in which the outer peripheral surface of the light
emitting part 18a of the LED unit 18 is tig~ttly contacted
with thc inner pcnphcral surface of thc uidc tluough-hole
34. Mcanwhilc, thc rcflective sheet piece 2'7 may be formed
to the same width as or to a wulth smaller th m the width of

40
a substrate titting recess 38 of the heat dissipating plate 28,
as later explained, so that the opening rim of each guide
tlu ough-hole 34 will be retained by the upper surface of the
resin holder 186 of the LED unit 18.

Refernng to FI(iS 3 aud 5, thc reflcctmg ace/ion 6 is
combined with the interconnection substrate 17 as the hght
emitting part 18a of the I.liD unit 18 is passed tlirough the
registerina guide thmugh-hole 34 of the reflective sheet
piece 27„ from one light emitting unit 15 to another The
reflecting plate 26 is overlaid on each reflective sheet piece so
27 mid secured in tlus state to each heat dissipatm plate 28,
as will be cxplatncxI subsequently. With the guxle opening
31 of the reflecting plate 26 registering v ith the guide
through-hole 34 of the reflective sheet piece 27, the lmht
emitting part I gri of the I.I ID unit 18 is passed through the
uide openin 31 of the reflecting plate 26 for facing the

light difl'using plate 23.

Each reflectivc shcct piece 27 is formed by an insulating
expandable Pl.'I: ivhile the reflecting plate 26 is tiinned the
plate 29 of aluminuni and the laminate of expandable Pl pl ro
films 30. as described above. In this case. the inner rim of
each guide opening 31 of the reflecting plate 26. where the
alumimim substrate is cxposixk is combuied with the inner
rim of each guide through-hole 34 ol a smaller diameter,
formed in each rcflcctivc shcct piece 27 ol'n insulatuig ss
niaterial, as shown in I'l(i 5 I ieoce. in the reflecting section
6, electrical insulation is maintained between the portion of

thc alunuiuuu substrate of thc reflcctuig plate 26 by thc
reflective sheet piece 27 and the terminal I go of the I,ED
ilfllt 18.

After assembling the retlective sheet pieces 27. from one
light emitting unit 15 to another. the reflecting plate 26 is
mounted in position. When secured onto the heat dissipatin
plate 28, thc reflectmg plate 26 thrusts mid holds the
relhcctivc sheet piece 27 against thc heat dissipatuig plate 28.
In the reflecting plate 26. the unit guide opening 31 is
partitioned into the unit uide opening sections 32. with the
intermediary of the bridges 33. to form the mw of guide
openings 31 via which five LD units 18 are to be protruded.
By the bridges Iki thrusting the reflective sheet pieces 27
along thc Icngthi w ise direction aI preset intervals, thc rcflec-
tive sheet picccs 27 may bc retained morc reliably to
dispense with the stnicture for preventing genemtion of float
or generation of vibrations of the reflective sheet pieces 27
to facilitate the assembling

Meanwiuie. the reflecting section 6 has the large size
equal to the liquid crystal panel 8 and is assembled to the
backhght sixtion 3 as it is posittoncxI by a suppon 13a
pro vulcd to thc back panel 13 or tlu: optical stud member 25,
as shown in PI(i. 2 If, in the reflecting section 6, the row of
guide openings 31 is tiinned in the reflecting plate 26 by
circular holes each accommodating an I,I:D unit 18. as in the
reflective sheet piece 27, difficulties are met in aclfieving the
registration of the circular hole and the LED unit 18. Since
it becomes accessary to form thc rcflccting plate 26 to lugh
precision and to assemble respcctivc components to lugh
accuracy, the pmduction cost is raised due to the necessity
of component manufacture and the high precision assembly
step, the reflecting plate 26 becomes distorted due to thermal
de radation.

With the reflecting section 6 of the present embodiment,
comprisixl ol'hc reflccnng plate 26 and a number of
relhcctivc shoot piects 27, it bccomcs possible to prcvcni a

gap from being product:d in the outer nm of each LED uiut
N and to prevent part of the radiated hght from each I,I ID
from leaking front the gap on the outer rim towards the back
side such as to improve the light eificiency to enable display
to high bri itness. This reflecting section 6 renders the
structure of sluclduig the light lcakagi: Iyom thc back side
unnecessary to simplii'y thc structure.

With thc rctkmting section 6 of thc present cmboduuenk
combined fmm the reflecting plate 26 and a large number of
the reflective sheet pieces 27. the li ht emitting part Na of
each LED unit 18 is inserted into and closely contacted with
the guide tiuough-hole 34 fi&rnied in each reflective sheet
piece 27. Thus, it bccomcs possible to prcvcut thc light
radiated from eaci LED 18 liom leakuig through thc gap
bctwiwn thc uuier pcnphcra1 wall of thc guule tluuugh-hole
34 and the outer rim of the light emitting part I la towards
the back side

With the liquid crystal display appamtus I of the present
embodiment. the surface brightness of the reflecting plate 26
of thc rctkmting sccuon 6. constructed as describcxI above.
was measured and found to be 6135 cd/m ui terms of
bnghtncss in a center region. Tlu: surface bnghtncss of a
conventional liquid crystal display apparatus, not having the
reflective sheet piece 27, ives measured. and found to be
5716 cd/m- in tern)a of brigvttness in a center region. Thus,
it v as verified that brightness may be improved by approxi-
mately 7% with thc liquid crystal display apparatus 1 of the
prcscut emboihmcnt.

Although thc rcflccuic sheet piece 27, I'ormuig the
reflecting section 6, is fornied to a size that may be
assembled from one light emittin unit 15 to another two or
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morc rcflcctivc shcct picccs 27 may bc combined, depending
on the size of the light emitting unit IS, or the reflective
sheet piece 27 may be sized to be astride a plural number of
the light emitting units 15 I lowever, if the reflective sheet
piece 27„ fomting the reflecting section 6. is of an exceed-
in ly large size, accumte position matching between each
guide duough-hole 34 and the LED umt 18 becomes difficult
to achictc, such that the above-dcscribcd ihvorablc eflbct
pmper to the laminate structure cannot be displayed C'n-
sequently, the retlective sheet piece 27 is formed to a preset Io

suitable size.

lite liquid crystal display apparatus 1 ol thc present
cmbodimcnt is constructed such that mmty opucal stud
mcmbcrs 25 arc mounted to thc back ptmcl 13, the functioiml
optical sheets forming the aforementioned optical convert-
ing section 4. the hght ditfitsing conducting plate 21 and the
holding bracket member 22, formiitg the light uide secrion
5. and the reflecting plate 26, fomting the reflecting secrion
6. are positioned rclaiivc to onc mtothcr mttl such thai
parallelism bein can lacuig malor surfaces ut their entirety
wifl be mauttaincd to high accuracy.

I'he li ht diflhsing plate 23 and the reflecting plate 26 are
provided with a large number of fitting holes 23a, 26a,
respectively. for combination with the optical stud members
25. These lining holes 23a, 26a arc positioned between
neighboring rows ol'hc light cmittutg arrays 16 and arc
fiirmed in axial aliyunent to one another.

Each optical stud member 25 is a unitary member formed
of a polymer material of a milk-white color exhibitin hght
conducui ity. mechm»cal strength and a certam dcgrcc of
elasticity. such as polycarbouate, and is mountctl to a mount-
ing mcmbcr 35 formed as one with thc back panel 13, as
shoivn in lil(ig 2 and 6 'lliere are formed many substan-
tially trapezoidally shaped mounting meinbers 35 forntwI as
one with the inner surface oi the back panel 13. The upper
surface of each mounting member 35 forms a surface oil
winch to sei thc light diflusuig plate 23. A tluough-hole 35c
is I'onncd in each mounung mcmbcr 35. Meaimlulc, the
mounting mmnbcrs 35 are posiuoncd bciwcen Ihe rows of so
the light emitting arrays 16 in a state in which the backhght
section 3 has been assenibled to the back panel 13

Referring to FICi. 6. each optical stud member 25 is made
up by a sluifi-shaped base part 25o. a liuutg pari 25b, formed
to the distal mtd of thc shaft-shaped base part 25u, a
flange-shaped hrst receiving pLste part 25c. formed as one
with the lateral surface of the shaft-shaped base part 25a,
with a preset spacing fnim the fitting part 25k and a
flange-shaped second receivin plate part 254. fonued as
one with the lateral surface of the shaft-shaped base part so
25o. w ith a prcsci spacing from Ihe lirst receiving plate pari
25c. Thc shafl-shupixl base part 25a of each optical stud
member 25 is formed to an axial length such that the
shafi-shaped base part 25a is of a length prescribing the
facin interval between the mounting inember35 of the hack
panel 13 and the light di ffiising conducting plate 21. A step
25e is formed at a preset height position from the second
rcccivutg plate purt 254.

'lite shaft-shaped base part 25u of each optical stud
member 25 is fornied as an elongated tapered conical ro
member slightly larger in diameter at the step 25e than the
fitting hole 23a formed In the light difhising plate 23 and
tapering iowards iis disuil end. At a position sit/illy above
thc step 25e of each stud mcmbcr 25 is fomted a Ihrough-
holc 257 lhr lhnning au clasucally dcl'ormable portion in an ss
area of the base part 25a I'his through-hole 25f is provided
in a portion of the shaft-shaped hase part 25n the outer

16
duunetcr ol'which is larger than thc diameter of thc liuutg
hole 23n of the light diffusina plate 23.

With each optical stud member 25, the first receiving plate
part 25c and the second receivin plate part 25d are forined
to a separation maintaining the facing interval between the
light diffusing plate 23 and the reflecting plate 26. The site
of thc lirst rcceivutg plate part 25c and thc second rcccivutg
plate pari 25d of thc shaft sltapcd base part 25a ol Ihc optical
stud meniber 25 is of a diameter approxintately equal to the
dianieter of the fitting hole 23a in the light difliising plate 23
1'he distal end of the fitting part 25b of each optical stud
member Z5 is of an outer diameter appmxunately equal to
the di uneter of a mounting throu+-hole 35a formed in the
back panel sale portion of thc mounting mmnber 35. Each
optical stud mcmbcr 25 is progressively utcrcascd in ditun-
eter so as to be larger in dianieter than the inner diameter of
the mounting througii-hole 35a along its axis I'o each
optical stud inember Z5 is applied the tendency towards
contraction by formin a slit 25g extending from the large
diameter site towards the distal end.

Each optical stud member 25 is designed so that Ihe
spacing bciwccn thc large di;mtetcr poruon of thc litung pari
25a and the first receiving plate part 25r is approximately
equal to the sum of the thickness of the back panel 13 and
that of the light diffusina plate 23 I tach optical stud member
25 Is also designed so that the diameter of the first receiving
plate part 25c is slightly larger than the inner diameter of the
fitting hule 23ii of Ihc light ilifl'using plate 23 aud so that thc
duunetcr of the second recco ing plate part 254 is sli htly
larger than the inner dianieter of the htting hole 26u of the
reflecting plate 26

'I'he reflecting plate 26 is assembled on the mounting,
member 35 of the back panel 13„as the heat dicsipatin
section 7 and the backli ht section 3 have been assembled on
the back panel 13, and as Ihc mounting through-hole 35a
fiirnuxl in Ihc mounting member 35 faces thc litung part 256.
In tlus state, thc lilting part 25b of each optwal stud member
25 is pushed into the mounting thmugh-hole 35rr formed in
the mounting member 35 through the fitting hole 26a of the
reflecting plate 26. Each optical stud member Z5 is subjected
to contraction by the action of the slit 25g v hen the fitting
part 25b is passed Uuough the mounting through-hole 35o
and, after thc liitutg pari ZSIr has truvcrscd Ilm mountutg
tluough-hole 35a, each optical stud member 25 is restored to
its original natuml state, ivhereby the optical stud member is
assembled in the erected state in an extrication-proofed
manner.

At this time. the mounting member 35 and the reflectin
plate 26 are clmnpcd along the direction of thickness
bciwiwn Ihc litung pari 25b and Ilu: lirst receiving plate pari
25c ofeach optical stud mmnbcr 25, as shown in FICL 6. The
result is that the reflecting plate 26 is retained as it is
positioned ivith respect to the back panel 13 fiir highly
accurately positionin and retainin each reflective sheet
piece 27. In tius state. each optical stud member 25 is
protruded above Ihc mounung mcmbcr 35 ol'he back panel
13 as thc portion of Ihc shafi-shaped base part 25o above thc
first rccciving plate pan 25c is protrudixl from thc rcflectutg
plate 26

'I'he hght diffusing plate 23 is then assembled to each
optical stud member 25 by fitting the fl+I diffiising plate at
the fitting holes 23o from the distal end ZSIt. The large
duuncier portion of ench optical stud mmnbcr 25 is cun-
tracied under the acuon of the slit 177 to enable the axmlly
tluust light difl'usutg plate 23 Io ride over thc step 25e. When
the hght diffusing plate 23 rides over the step 25e to
cmnpress against the second receiving plate part 234. the
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large diameter port&on ol'iwh opucal stud member 25 is
restored to &ts natural state to clamp the light dith&sing plate
23 betv een the step 25c and the second receiving plate part
25d along the direct&on of thickness thereof

The portion of each optical stud member 25 lyi&tg above
the second receivin plate part 25d of the shafl-shaped base
part 25a &s protruded from the hghl d&fliisuig plate 23, as
shown inFIGR 2 and 6. Thc 1&ght difl'using conductin plate
21. comprising a laminate of functional optical sheets of the
optical co&nernng section 4, is esse&nbled to the distal end &o

256 of each optical stud member 25, with the distal end
con&pressing against the bottom surface of the light diffusing
conducting pLate.

On the other hund, thc poruon of each optical stud
member 25 above thc second receiving plate part 25d of thc
shafl-shaped hase part 25a is proto&ded from the lmht
diffusina plate 23. 'I he light ditfi&sing conducting plate 21,
comprised of a laminate of functional optical sheets. &s

assenibled to the distal end 251& of each optical stud member
25. with the bottom side of the light diffusing, conducting &o

plate 21 abutting against thc distal end 25.
Each opl&cal stud mmnbcr 25 &s assembled on lhe mount-

ing member 35 of the back panel 13 by a si&nple metlx&d of
thn&stin the tittmg part 25tz into the mounting, through-hole
35a 1iach optical stud member 25 positions the light dif-
fusing plate 23 and the retlectmg plate 26. while maintaining
the facing interval betv een the light diffusing pLste 23 and
the rcflccling plate 26 and that bc&Ceca thc light diffiising
conductuig plate 21 and the opl&cal converting sect&on 4 lo
higii precision l3y eniploying lar er numbers of the optical &o

sh&d members 25, complex positioning stnictures or space
keeping structures are dispensed with. while the assembling
process may be simplified.

Meamvhile. the opt&cal stud members 25 may be inter-
ch'ingciibly us&xi for VB&ious s&zcs ol lhc hquul cs ys&BI pa&iel &s

8, thus pro&&du&g lhr common usc of components. The
optical stud mcmbcr 25 &s nol hnuted to thc above-descubcd
structure and specihc structmes of each portion thereof may
suitably be changed based on the structure of the liquid
crystal dispLsy apparatus 1. In the above-described contigu- ao

ration, the optical stud member 25 is mounted in position by
bc&ng pushed into lhc mountu&g lluough-hole 35a of thc
bacl panel 13 by form&ng llm sht 258 m Ihc iittuig part 256,
for example, to enable the mounting of lhc opucal stud
member 25 Alternatively, an extraction-proofing protnision
may be formed as one on the outer rim of the optical stud
member 25 and fitted into the mounting tluou h-hole 35a
formed with a key ~voove on the inner rim, with the optical
stud mcmbcr 25 then being parlmlly rouited Ihr extrication-
prooiing. o

Tlic abiivc plaliu ii&c proc&sclv pos&l&o&lcsl &clat&ve lo lhc
optical stud member 25 to realize conduction. ditfusion o&'eflectionof the illununating light in a stable state v ithin the
li ht guide section 14 detined between the liquid crystal
panel 8 and the bacl li ht section 3 to prevent e.. color &s

irregularities on the hqu&d crystal panel 8. It &s noted tha! thc
optical stud member 25 &s formed by lhe milk-wlulc h ht-
conducung polymer nuiterui1. as described above, and hcncc
diffuses the illuminatmg light inta&duced into its inside front
the orner peripheral surface to prevent the distal mid 25/z io
front being partially Illuminated to enable the illuminating
light to be incident evenly from the light guide section 14
into Ihc 1&ghl d&ITus&ng conducung plate 21.

Referung lo FIG. 3, live of thc opucal stud members 25
betwcmn neighboung hghl enuuing arrays 16 and tlucc of ss
the optical stud members 25 are mounted on the back panel
13. as shown in I'IG 3 It should be noted that, since the

front surface properties and fl&e back surface propcrlics of
the light difhising plate 23. carrying the light dimmer pattern
24, aluminu&n plate 29, and the reflecting plate 26 carrying,
layers of expandable Pl i I'0, ditTer fron& each other, it is
necessary to pay attention so that the front sides of these
plates shail not be mistaken from the back s&des thereof in
assembling.

In lhc hght diflhsing plate 23 and the rcihwt&ng plate 26,
five and three of the fittin holes 23&z. 26&z traversed by the
shaft-shaped hase parts 25a of the optical stud members 25,
as described above, and extending in the tnsnsverse direction
and in the vertical direction, respectively. totaling at 15, are
formed ln register &vith the mounting posit&ons of the respec-
t&ve opt&cal stud mcmbcrs 25. A second optical stud member
25A from the leftmost mxi ol'hc lowermost row w mounted
upught on the back panel 13 in a non-afig&ted relet&unship to
the optical stud members 25 of the respective upper rows In
the light ditTusing plate 23 and the reflecting plate 26, the
fitting holes 23a, 26a from the leftmost end of the lowermost
mw. facln the second optical stud member 25A, are formed
ofl'sct from the liuing holes 23a, 26a of thc rcspectivc upper
&ows.

Oonsequently, even if the front surfaces of the light
ditTusing plate 23 mid the reflecling plate 26 are nustaken ti&r

the back surfaces thereof in assembling. there are provided
no fitting hoies 23a, 26a in the positions facin the optical
stud member 25A. assenibling cmmot be made using the
opt&cal stud mcmbcrs 25. W&th use of tlus coniigurat&on, u is
poss&blc to prcvcnl mislalen combinal&ons of thc 1&ght

ditTusing pkste 23 and the retlectmg plate 26
'I'he optical stud member 25A and the fitting holes 23a,

26a, formed in the light ditTusing plate 23 and the reflecting,
plate 26. respectively, making up the mistal en combination
prohib&tin structure, niay be provided in any desired posi-
t&on other than Ihc ccntcr pos&tion. However, these may
prcfi:rub ly bc fonncd in thc uuier pcnpheral arcs, rather than
in an outcr pcnphcral arcs. Ibr asscmbl&ng rcspectivc com-
ponents under a stable condition. Moreover, these are desir-
ably provided in plunsl locations. rather than in one location

In the backlight section 3. there are provided a larger
number of LEDs 18 fi&r enablin a lar e capacity of ilhuni-
nal&ng hghl to Ihll on ihe 1&quid crystal panel un&t 2 lo
provide for display lo lughcr bnghtness Thc heat generated
al tins time u& each LED unit 18 is stored u& the hcunetically
sealed hght guide section 14 defined between the liquid
crystal panel unit 2 and the backhght section 3 w&thout being,
dissipated to outside. The result is that the inside of the
device 1 is heated to higher temperatures to de rade the
propcrlics of Ihc funci&onal optical sheets of llm opl&cal
converting scwl&on 4 or lo rm&dcr thc l&ghtcd stale of Ihe
LEDs 18 unstable to produce color &rregu lant&cs u& thc liquid
crystal panel 8 ln addition. Ihe operation of the electronic
conlpi&fic&1&s, l&IBk&ng i&p tile circ&BI ii&t&t, &s dcstabi117cd,0&'arl

ed dimensional changes may be produced in the respec-
tive component parts.

For th&s reason, lie heal gmicralcd lyom thc respiuuvc
LEDs &s dissipated by the heat d&ssipat&ng ace&ion 7. Tlus
heat dissipating sccuon '7 is made up by heal dissipatu&g
plates 28, also used as mountin members for the light
emitting units 15, hear pipes 36 combined with these heat
dissipating plates 28, heat sinks 37 arranged on the back side
of the back panel 13 and which are connected to the ends of
the heat pipes 36 for receiving heat conducted thcrcl'rom,
and by a cooling fan, nol shown. for promol&ng thc coolu&g
iiinct&ons of thc heal sinks 37.

Each heat dissipating plate 28 is prov&ded for each of the
six mws of the ligiit emitting arrays 16, and is formed of
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aluminum. which is lightweight, inexpensive and superior in
workability and in thermal cicuductivity liy extni~ ion work-
ing, the heat dissipating plate in the form of an elongated
plate substantially equal m length and width to the afore-
mentioned light emittin array 16 is prepared. Each heat
dissipating plate 28 is sinudtaneously used as a mounting
mcmbcr, tlucc light em&ning units 15 dre mounted to. and
hence the lu:at dissipaung plate 28 is to be of a predcter-
niined thickness to assure a mechanical rigidity. Meanwlule,
each heat dissipating plate 28 is not necessarily formed ofan ia
aluminum material and n&ay also be formed of a ntatenal
having a supenor thermal conductivity. such as alumimun
alloy, niagnesium alloy, silver alloy or copper. In case the
liquid crystal display appamtus 1 is of a smaller stzc, each
heat dissipating plate 28 may also be formcsl by any suitable
working method, such as press working or ~licing.

lfeferring to lqfi 5, three interconnection substrates 17,
each fonitiim the light emitting unit 15. are mounted to each
heat dissipating plate 28. with its first major surface 28a as
a mounting surface„with the respective longitudinal end &t&

faces of (hc interconnecuon substm(es 17 abu(1ing against
one another. A substrate fi(1utg recess 38, in which is fitted
the interconnection substrate 17, is forined in the first major
surface 28a of each heat dissipating plate 28 ti&r extending
along its entire length 'I'he substrate fitting recess 38 ofeach
heat dissipating plate 28 is substantially of the same width
as and a height sli htly larger than the thickness of the
interconnection substrate 17, imd holds thc bottom surlhcc
dnd both side cdgcs along the width-wise direction of thc
interconnection substrate 17 fitted therein. I:ach heat dissi- so

patin plate 28 secures the interconnection substrate 17,
fitted in the substrate fittmg recess 38. by a plural mimber of
set screws 39.

Within the substmte fitting recess 38 of each heat dissi-
patmg plate 28, a width-wise ccntcr area is lefl as a prolec- &s

uon ol' preset width to foun a ion uuiduial support pro-
jection 38a on which is tightly contacted thc bottom surface
of the interconnection substrate 17 On both sides of the
support projection 38a are formed recesses 38(&, 38c fi&r

extending along the entire lon itudinal extent. The support do

projection 38a of each heat dissipatin plate 28 is formed to
d w idth correspondutg to thc width ofan LED mounung arcs
wluch mounts each LED 18 ol'he inierconnccuon substrate
17. as shown in FIG. 5, so diat heat may bc eflicicntly
transmitted and dissipated fn&m the I,ED inounting area
which becontes hottest as a result of illumination of each
LED unit 18. Although each heat dissipating plate 2S is
fonued with the recesses 386, 38c for reducii&g the weight
dill Iol Illilllitdlllillg dllllC&islolial BCCuldC&i tl&CSC rCCCSSCS

386. 38c may also be designed as heat pipe fining parts. o

Each heat dissipaung plate 28 is formcsl as onc with
reflectiim plate supports 40, 40 for the entire longitudinal
extent along both sides of the openi ng edges of the substmste
fitting recess 38. The reflecting plate supports 40. 40 are
plate-shaped sites pmjected along the width-wise direction»
from the opemng cxfgcs ol'he sub«(ra(e liuuig riuess 38 of
the heat dissipating plate 28 mid are of an overall width
larger (hdn thc width of thc rctlcctive sheet prime 27 and, as
shoivn in lil(i. 5, the first major surface 28a of the heat
radiatina plate 28 on the whole is larger in ividth than the io
refiective sheet piece 27. The reflectii&g pL&te supports 40. 40
retain both latemsl edges of the reflective sheet piece 27
associated with thc light em&tung unit 15 as thc light
cnnuuig part lga of each LED unit 18 is protnided from the
guide tluough-hole 34 facing thc LED uiut. Ss

Meanwhile. the reflecting pL&te suppotts 40. 40 support
both lateral sides of the reflective sheet piece 27 in case the

re(Factive sheet piece 2'7 is for&nod to a width larger than thc
opening width of the substrate fitting recess 38 'I'he reflect-
ing plate supports 40, 40 are designed fi&r holding the
reflective sheet piece 27. associated with the light emitting
unit. in a height-wise position of protruding the li ht emit-
ting part Iga of each LED unit 18 from the uide through-
hole 34 facing thc LED umt.

IB1hc heat dissipating section 7, six heat dissipating plates
28 are mounted on the inner surface of the back panel 13 at
a preset spacing from one another I'o each heat dissipating
plate 28 are mounted tl&ree li ht entitting units 15 to form
mounting members for the six rov, s of the light emitting
arrays 16. Three li ht eniitting units 15„each mounting a
preset number ol'hc LED units, are mounted witlun thc
substrate fitting recess 38. In thc heat dissipating ace(ion 7.
the reflecting plate 26. fomiing, the reflecting section 6, is
mounted for overlying each heat dissipating plates 28. as the
reflective sheet piece 27 is assembled to each light emitting,
unit 15.

The inner surface of the refiecting pLate 26 is thrust
aginnst thc reflcctutg plate supports 40. 40 ol each heat
dissipating plate 28. On the relkmun plate supports 40. 40
of each heat dissipatina plate 28, double-sided adhesive
tapes 41, 41 are bonded over the entire length to bond and
secure the inner surface of the retlecting plate 26 thnist
thereto The reflecting plate 26 has its outer nm carried by
the support 13a formed on the bacl panel 13. and is carried
iii Bll ill cd dcfilled bctw celt tile 1 1gilt cilllulllg arid Ys I 6 bv (llc
optical sti«1 member 25. w laic being curried by thc rcflectuig
plate supports 40. 40 in an area of the heat dissipating plate
28 firming each light eniitting array 16. 'I'he reflectmg plate
26, constnicted as described above, may be positioned
accurately. and may be mounted in positionin a state free
from distortion.

Thc heat dissipating plate 28. forming thc heat dissipatuig
section 7, opera(ca as a mountuig mcmbcr for thc light
enutting unit 15 of thc backlight section 3, wlulc also
open&ting as a mountin member of the reflecting plate 26
forming the reflecting section 6. With each heat dissipating
plate 2S operating as a nu&unting member for the reflecting
plate 26. the reflecting plate 26 may be positioned and held
to a high accuracy to improve hght cfllcicllcv Bs well as to
prcvmit color irregularities from being produced. Moreover.
thc rctlccting plate 26 mdy be combined cxtrcmely readily to
each heat dissipating plate 28

In the above embodiment, the reflecting plate 26 is
bonded in position by double-sided adhesive tapes 41. 41
bonded in turn to the reflecting plate suppo(ts 40. 40 of each
heat dissipating plates 28. Alternatively, the rclhwtive plaie
may bc secured in position by an adhcsivc coated on the
relhcctuig plate supports 40. 40.

As described above. the substrate htting recess 38 is
formed in the entire area along the length of the major
surface of the heat dissipating plates 28. the interconnection
substrate 17 ofeachli+t eniittin unit 15 is assembled in the
substrate liuing riucss 38. and thc reflccting plate 26 is
bonded to thc reflccting plate supports 40. 40 to close thc
substrate liuing riucss 38. each heat dissipaung plates 28
substantially hermetically sealing the substrate fittuig recess
38 on the major surface side, thus assuring dust-pn&ofness

As described above. the substmste fitting recess 38 is
formed along the entire length of the heat dissipating plates
28 and both mid faces of thc heat dissipaung plates 28 are
kept open. A dust-prooling mcmbcr 43, fonncd e.. of
expandable urethane polymer or a sponge material. is
bonded to the reflecting plate supports 40. 40 provided on
both sides of the heat dissipating, plate 28, as shown in l&I(i
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4. With fllc opened port&ons on both ends of flle substrate
fitting recess 38 thus being closed by the dust-proohng
member 43. it is possible to prevent im asion ofdust and dirt
into the substrate fitting recess 38 to improve dust-proof-
ness.

Referring to FIO. 5. the second major surtbce 2SR oppo-
site lo thc Iirst maior surface 28a, ol each heal d&ss&pating

plate 28, &s formed as onc w&th a heal p&pc lillm recess 42,
in which is fitted the heat pipe 36, and with a plural nunlber
of mounting studs and positioning dowel ~, not shown, &U

formin a nlountmg portion w:ith respect to the back panel
13. The heat pipe fitting recess 42 is n groove of a substan-
tially arched cross-sect&on opened in a mid portion alon the
width-w&sc d&rect&on &n thc second major surlhce 286 facing

rccmi&ng proiccuon 38U of the tirst major surlimc 28a,
with the move extend&ng along the entire lengthwise extent
of the second maior surface 282x I'he heat pipe titting recess
42 has a w&dth of an opening approxi&nately equal to the
outer diameter of the heat pipe 36. The site of the opening
is fomled as one with cauli ed flanges 42U. 426. Io

Each heat diss&pating plates 28 includes a heat p&pc 36,
asscmblcxt ulto the heat p&pe titting recess 42. Each heat p&pe
36 is assembled fron& the opening of the heat pipe titting
recess 42 into the inside thereof and. as shown in I'Ki 5, &s

assembled lvith its outer peripheral part tightly contacted
&lith the inner wall of the heat pipe fitti&ig recess 42. by
caulking the flanges 42a. 426 for closing the opening. Each
heat pipe 36 &s mounted to each heal dissipatulg plate 28
over iis cnt&rc length, at a s&tc Ihcui lhc mounlulg area of
the l,l&I) unit IS, for assuring etficient heat dissipation lo

In the present heat d&ssipatulg section 7, each heat dissi-
patin plate 28 is used s&nlultaneously as a holding nlenlber
for the heat pipe 36. by bavin the heat pipe 36 assembled
in position in the heat p&pe fitting recess 42 provided to each
heat d&ss&pat&ng plate 28 Tlus s&mplflics the mounting li
structulc of thc hix&t p&pc 36, w hlh: f'&cihlatnig fllc flux!Bng
ol'hc heat p&pc 36, as a prcc&sion component, during
assemblin, and preventing warping or destruction. Since
each heat diss&pating plate 28 assembles the light enutting
unit 15 and the heat pipe 36 in a state in which these are so
positioned in close proximity to each other. an efficient heat
conductuig path is Ihnncd bctwccn thc light cnutlulg unil 15
Bnd thc heat p&pc 36. Each heat diss&paling plate 28 &s

sccurcd &n pos&tion to the back panel 13 v&a a mountm stud
or a positioning dowel, as the light enlitting units 15 are
mounted lvi th&n the substrate fitting recess 38 and as the heat
pipe 36 is assembled within the heat pipe fitting, recess 42.
Meanwhile, each heat diss&pating plate 28 may be secured to
thc inner surl'acc ol'he back panel 13 by cxplo&tuig thc sct
screw s 39 used for sccunng the uiterco&ulcc tion substrate 17. o

W&th thc above-dcscribcd heat diss&paling simt&on 7, the
heat pipe 36 is mounted in the heat pipe fitting recess 38
formed tilr opening in the second major surface 282& of each
heat dissipatin plate 28. It ls however also possible to foml
a heat pipe fittin hole in at least one longitudinal end of i.
each heat d&ssipatuig plate 28 and to assemble thc heat pipe
36 alto tile a&side Irolll lhc lt&&clat sUlfacc snhv

lhc heat p&pc 36 &s a member rouuncly usedt fi&r cflbc!ing
heat conduction fron& e.g a power supply unit. heated to
higil tempenltures, to heat dissipating means, in various io
electronic devices. and is comprised of an evacuated metal
pipe having high electrical conductivity. such as copper
pipe. hl wllich &herc ls cncloscd &I colldUctnlg nlcdnnll. suet&

as water, iapor&zixl at B prcsct tcmpcralurc. The heal p&pe
has a heat conducting capability to a luJI eflic&cncy The si
heat pipe 36 &s assembled as one with each heat dissipating
plate 28 and has its both ends connected to the heat si&nk 37

along w&th thc heat dissipatulg plate 28. In thc heat p&pc 36.
the conducting medium, enclosed in the mside. is subjected
to heat conduction fmm the high temperature side heat
nldiating plate 28, and is thereby vaporized from the liquid
state. In the heat pipe 36, the vaporized conductin medium
flows through the pipe to a junction to the low temperature
sale lmat sink 37 so Bs to bc liquid&zed on bcu&g cooled to
rclcasc thc heat of condensation In thc heat p&pc 36. &hc

liquidized conducting, medium &s migrated towards the heat
dissipating plate by the capillary phenomenon thnlugh larger
munbers of ribs formed on the inner wall of a metal pipe or
throu h a layer of a porous material tov ards the heat
radiating plate 2S so as to be circulated in the pipe to carry
oui a lugh cfficiency heat conduct&n opcrauon

Thc heat sink 37 &s mounted on both long&tudula1 s&dcs on
the back surface of the back panel 13 Since the heat sink 37
is used as a heat dissipating member for a power supply unit
in a variety of electronic devices, either singly or in com-
bination vvith the heat pipe 36. larger numbers of fins are
formed as one with the heat sink, from an aluminum material
having supenor heat conduct&vity. Thc heat sulk 37 lms B

large surface Brea imd d&ss&pates heat conductix! from a lugh
temperature side from the surface of each fin to cool high
temperature portions

I'he lar er the size ofthe heat sink 37, the larger is the heat
dissipating action. This. however. increases the ovemlll
th&ckness of the device. The heat sink 37 &s a component of
B lalgc s&zc a&lit weight Bnd Is hl nocil of B clrcUI& con&pone&11

&n cBsc of facet n&UUB&nlg to thc ultcrconllix't&on sUbstlanx
a mounting bracket member for assunng insulat&on from e g
a circuit component or an interconnection pattern or a heat
conducting &nember interposed between the heat sink and
hi h temperature sites.

By dexterously arranging the large-sized heat sink 37 on
the back panel 13, us&ng larger numbers ol'heat dissipatulg
plates 28 and heat pipes 36, &t becomes pose&ble to diss&pmc
heat genera&cd from thc backhght acct&on 3 cflic&cntly as the
ovemlll device is suppressed from increasing in size. In the
liquid crystal display apparatus I. it is unnecessary to take
measures such as fomling a cleamnce recess alon the route
of laying the heat pipe 36, such that the bacl panel 13 in its
mlt&rety can bc I'omlcd to a flat slrapc. Thc heat sulk 37 is
assembled on both sales of thc back surl'acc fi&r layui thc
heat p&pc 36 so that a flat s&te w &ll bc formed in a center area
of the back pm&el 13.

'I'he back panel 13 is tilnned as a member of a size slightly
Larger than the outer size of the liquid crystal panel 8 from
an aluminum material relatively small in v eight and exhib-
it&ng mechatucal ngidity. 11&c back panel 13 has thcnnal
conductivity by itself such llmt it &s able to d&ssipatc heat
evolved from thc light guide scmuon 14 or c&rcuit compo-
nents. 'I'he back panel 13 includes outer peripheral wall
sections on its outer periphery filr mounting a front face
frame member 9 or a lullder frame member 10, as described
above. whiie including a mounting pa&t for mounting the
opt&cal stud member 25 or the heat d&ssipat&ng plate 28. B

readout opening for lcadulg out a lead l&nc and an cngagulg
pol &ion.

'I'he liquid crystal display apparatus I is pnlvided with a
liquid crystal controller for outputtin operation controlling,
signals for the liquid crystal panel 8, a power supply control
unit for controlling the liquid crystal panel 8 or the power
supply unit. and with a control circuit package, such Bs an
LED control un&t Ihr controlluig thc backl&ght sccuon 3. The
back panel 13 is used simultanix&usly Bs a loaduig pm&el for
these control circuit packages and suitably loaded on the
back side in a manner not sholvn On both lateral sides of the
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bacl panel 13 arc mounted heat sulks 37 and a vancty of
control circuit packages are mounted on a control board
mounted on the flat center area.

In the foregoing. explanation has been made of the hght
Irausmitfing liquid crystal display apparatus used filr a
ielci ision receiver hawug a large display surface w ilh a size
not less than 30 inches I lowever, the present invention may
be used ivith advantage for a variety of liquid crystal display
apparatus having a large display area. Although the present
invention is hi hly useful v hen used with a Large dispLay 10

apparatus. simiLar favomable recultc may be obtained v.ben
IhC plCSclli 111Vclliloil 1S OSCd fol lllixltunl-SlxCd illsplai'ppBIiinis.

The present invention is not limited to the above embodi-
ments described with reference to the drawings and. Bs may
be apparent to those skilled in the art. various changes
subsuiuuons by cquivalcuts may bc ditcmpicd witlxlut
dCpBrllllg Irolll lllc SCOpc Ot lhC lllvclliloll BS SCI iolill ill 111C

appended clainls
20

What is claimed is.
1. A backlight device in which a plurality of light emitting

units. each mounting many light emitting diodes on the same
co-axial line on one surface of an interconnection substmte,
arc mounted ou Ihc same co-axial linc to Ibmi a light
cnniluig array, a plurality of smd lighl cmillm arrays are
arranged at equal intervals on the back surface of a hght
transmittin liquid crystal panel. and in v,hich the hght
radiated from said light emitting diodes are supplied through
an optical sheet block to said liquid crystal panel to illunu- 31,

nate said liquid crystal panel, said backlight device com-
PllSlllg

a heat radiating plate formed of a metal material exhib-
iting heat conductivity and having a substrate fitting
part for arrayin a plumality of said interconnection 3(
substrates side-by-side on the same coaxial line on a
major surfuce of thc heat radiaun plate base having
upsiandulg rcihmiing plate supporls I'onncd as onc
therewith and extending alono the lateral sides of said
substrate fitting part; do

a plurality of reflective sheet pieces each being formed of
a sheet material exhibiting relleclulg CItacdctcltsfics as
a rcctangulur piccc of a length corrcspondui Io thc
length of said preset number of said light enutting
diodes and a width snlaller than the width of said heat
radiating plate, each of said reflective sheet pieces
including a plurality of bufide tttlough-holes tluough
lvhich are passed light emitting parts of said light
cllllliillg dlodinb Bnd

a reflecting plate formed from a plate material exlubiting
reflective characteristics to an outer shape approxi-
mately equal to the outer chape of caid liquid crystal
panel, said reflecting plate having a plurality of rov. s of
guide opcruugs in rcgwicr with said lighl ianiiling
arrays and through which are passcal Ihc 11 hi ianiiling
parts of said hght emitting diodes:

said rcflcciing shcct pieces beui mounted to smd heal
radiating plates as the light enuliulg parts ol'aid hghi
emitting diodes are protnided via those of said guide
through-holes facing said light emitting parts, said 00

reflecting plate being superpoced on said reflective
sheet pieces and bonded in this state to said reflective
plate supports of said lmdt radmling plates, m a miuuicr
thai the 11 Jtt cmiuing diodes protruded tluough said
guide tluough-holes of saul rcflccuvc sheet pieces are sc
pmtruded thmugh said guide openings to face the back
side of said liquid crystal panel

2 Thc backhghi dcvicc according to claim 1 whcrcin 0

heat pipe fitting part is fonlied on the Ixlttom surface of said
base formed with said substrate fitting part, over the entire
longitudinal length of the Ixlttom surface of said hase
formed Vvith said substrate fitting part„and wherein heat
generated from said licht emitting diodes and conducted to
said heat dissipating plaice is transmitted to heal dissipaiulg
means by a heat pipe assembled in said heat pipe Iinin pari
in close contact v, ith the inner v all thereof

3 The backlight device according to claim I wherein a
dust-proofing elastic menlber is bonded to said reflective
plate supports of each heat radiating pLate on each side for
sealing a lateral openin of said substrate titting part.

4 Thc backlight dcvicc according to claun t whereui each
guide opciung formixi in smd retlectivc plate in association
v ith each light emittina array is formed by a a plurality of
gmups of guide openings arranged on the sanle coaxial line,
v ith each said group being separated from a neighboring,
group by a brid e, with each of said groups being of a length
allowin a plurality ofsaid ligrht emittin diodes to pass
therctluough. mid wherein. as said reibccung plate is bondcdt
to said rcikccting plate supports of each heat radiating plate,
said bridge thrusts said reflective sheet pieces towards said
heat nadiating plate to hold said reflective sheet pieces.

5 'I'he backlight device according to claim I ivherein
reflective sheet pieces are fornled of an insulating polymer
material, said reflecting plate is formed of aluminum as hase
material, an opening cdgc of oach guide through-hole in said
rcthcciive sheet piece is protruded inwurds Irom im opciung
edge of each guide opening of said retlective sheet piece in
a manner of maintainina electrical insulation benveeo said
opening edge of each guide openin and a terniinal part of
each light emitting diode or 0 terminal part of an intercon-
nection substrate.

6 A liquid crystal display apparatus composing
a hghl transmilluig hquul crysuil puncl,
a backlight section uicludulg a plurality of light enuuulg

arrays arrmiged at equal intervals on one surface of an
interconnection substrate. each light eniitting array
bein composed of a plurality of liJtt emittin units
made up of a plurality of fi+I emitting diodec mounted
on the same co-axial lute, said backlight section send-
ing out light radiated from said light cmitung diodes
towards saul liquul crystal panel us illuminatuig light.

an optical convertin section arranged between said liquid
crystal panel and said backlight section, and formed by
a laminate of a plurality of functional optical sheetc for
processing said illuminating light supplied from said
backlight section w iih preset opticul conversion io send
thc so convcrtcd illumiruiiulg 11 ht to said liquid crystal
panel,

a light conducting section including a light diffusing light
guide plate for diffusing said illunlmating light to send
the so diffused light to said liquid crystal panel and a
light diffusin pkate for performing hght reflection/
ihflllStoll Slid light iliinsnusStoll Oil SBld illullllllaiix!
light for cquafiding the brightness io supply ihc result-
ing 11 lununa iuig hghi Io saul ddlb sing light guide plate.

a reflecting section tilr reflecting said light radiated from
said light eniitting diodes of said backlight section to
the surroundiiig and said illuminating light reflected by
said light diffusin plate toivards said light conductin
section: mid

a heat radiating section haling a heat radiating plale
fointCd Of d lllC101 llldtCiadl haVlllg hCBI ColldilCI1V113'll
v hich a major surface of the heat radiating plate base
is formed ivith a substrate fitting part for carrying said
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intcrconncction subslratcs sale-by-side on the Brune
co-axial line in the lengthivise direction and in which
said substrate fitting part is formed as one ivith refltm-
tive piste supports along the lateral sides nf said
substrate fitting part; and

a reflecting plate including a plumlity of reflective sheet
pieces and a rclhccting plate, said rcflccuvc sheet pieces
each being finned from a sheet with rcflccung prop-
erties to the shape of a rectangle having a length
corresponding to a preset number of said light enutting in

diodes and a width entailer than the v;idth of said heat
radiating plate. said reflective sheet pieces each being
provided ivith a large number of guide tfmtugh-holes
iiii llic garlic axial litic, lliroiigli whlcli Bic pBsscd tlic
light emitting pars of said light cnulluig diodes, smd
reflectiim plate being fornied by a plate member formed
to an outer shape approximately equal to that of said
liquid crystal panel, said reflecting plate having a
plurality of row s of guide throuvgt-holes tfmtugh which
are passed light emittin parts of said light emitting nt
diodes. said rows being each rcgistcruig v,ilh said light
ciiiilliiig Blravs,

said reflecting sheet pieces beino mounted from one hght
emitting unit to another as said light emitting parts of
said light emitting diodes are protnided through said
guide through-holes facmg the light emitting parts,

said reflecting plate being superposed on said reflective
sheet picccs and bonded to said rcflcclivc plale supports
ol each heat radiating plate as said light cnulling diodes
pmtruded from said guide through-holes are prntruded sc

dlrough said guide opeilings
7 'lite liquid crystal display appamstus according to claint

6 wherein said heat dissipating section is made up by each
of said heat msdiatin plates and a heat pipe assembled in a

26
heat pipe fitting part, formed os sr thc cntirc area along thc
lenmh of said bottom surface of said base of said heat
dissipating plate fonnixl w ilh said substrate filling part, over
the entire length of said bottont surface, as said heat pipe is
ui ught contact with thc uuicr wall ol said heal pipe liuuig
part, said heat dissipating section transmittmg the heat
evolved in each light emitting diode to each nf said heat
mdiating plates and transntitting said heat by said heat pipe
to heat radiating means.

8 Thc liqind crystal display apparatus according to claun
6 wherein each guide opcnmg fomu:d ui said relhccuvc plmc
in association ivith each light entitting array in said reflect-
ing plate is formed by a plumshty of groups of guide
openings arranged on the same coaxial line, with each group
ofguide openings being separated from a neighbnring group
by n bndgc for allowmg a plurality ol'aid light cnuuuig
diodes to pass lherctluouJt, aud wherein, as saxi rcflcctuig
plate is bonded lo said rcflccling plate supports ol'each heat
mdiating piste, said bridge thnists said reflective sheet
pieces towards said heat radiating plate to hold said reflec-
tive sheet pieces.

9 Thc liquul crystal display apparatus according lo claun
6 whcrcui reflectivc sheet picccs arc finned of an uisulatuig
polymer material, said reflecting plate is fornted of aluini-
nunt as base material. an opening edge of each guide
through-hole in said reflective sheet piece is protruded
inwards from an opening edge ofeach guide openin of said
reflective plate in a manner of maintaining electncal insu-
lation bctwcen an opeiung cdgc ol'ach gunle opening and
a lemnnal part ol each hghl cmilluig diode or a lcnninal part
of an interconnection substrate
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