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Li ght - Conbi ned Touch Panel Device Technical Field The present invention
felates to a front |ightconbi ned touch panel device havj i ght
for illumnation of a liquid crystal display integrally1€gﬁﬁyéégﬂg?#h a
A ouch panel (touch-sensitive panel). Thf front |ight-conbi ned touch panel
devi ce according to the present invention is particularly fit for use in

B eblay " e . Ctor a2 Tel pnones. ot abi ot areptones. “ser v IMUMMMAN
cal cul ators, subnotebook personal beIDDAs (Personal Digital
Assi stants), digital caneras, video caneras, business-application

por bl el ect Ao aa S R R S PRS0 er HNRIRRAN

devel oped and introduced commercially. A light transm ssion type 'kﬁ&*g
crystal display used at the liquid crystal display part needs a bac i ght,
which is dri dry, cell, a charge cell or the like battery in the
case of pgﬁfé%ﬁégé1g%§%%ﬂﬂ c apparatuses. Particularly, a color display
requi.red of subnote | .ers, PD r 14 January. 2003 2
digiPaI caner as nee?g&¥ﬁgg%%%ﬁgl%é%nRgéﬁﬁgﬁf%é§%Fc%?hgdéﬁgvﬁgr%égggt t ube
of high | um a i g ur .t her eby . sum | a uapf ity of
%gﬁﬁ%ﬁﬁﬁ. %o%#ﬂ g%P%q E%VLE@ ﬁBflgg 4m B9 a+ nHYaBLL

n
power at t lig ev ual ly to remarkabl’y, “decCrease gggrlve %IHE of
illumination of a liquid «crystal display integrally
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combined with a touch panel (touch-sensitive panel). The
front light-combined touch panel device according to the
10 present invention is particularly fit for use in portable
electronic apparatuses with a reflecting type liquid
crystal display,’ e.g., cordless telephones, portable
telephones, scientific calculators, subnotebook personal
computers, PDAs (Personal Digital Assistants), digital
15 cameras, video cameras, business-application communication
instruments, etc.
Background Art
Compact and 1light-weight portable electronic
devices with a liquid crystal display part have been
20 developed and introduced commercially. A light
transmission type liquid crystal display used at the liquid
crystal display part needs a back light, which is driven by
a dry cell, a charge cell or the like battery in the case
of portable electronic apparatuses. Pérticularly, a color

25 display required of subnotebook personal computers, PDAs,



5 the battery. As such, studies have been nmade to use a |liquid crystal

di splay of a reflectlng type not requiring the back; light for portable

el ectroni c devices to reduce consunption power. The liquid crystal display
of the type is now being 10 . brought into the comerci d4 dangary 20@out

usi ng the back light, the reflecting type liquid crystal display consunes

| ess power. In addition, the reflectingtype liquid crystal display exerts
superior visibility even under external |ight when used outdoors. From

t hese points of 15 view, therefore, the reflecting type liquid crystal
display is suitable for use in portable electronic devices. However, in
usi ng t hedigfiltadt igapangre heeds dtbheydbalk diigplayusinanaernwvilidormettioddere a
sufficient quantity of external light is not secured, for instance, 20

i ndoor s oflabreisgkint | tubeconts hisglesdamirdandd | aei nat elidnet r efdwecte Ng type
Liquid crystal display fromthe front side, |leading to a proposal for an

i |l um nat itberddyi ceoffunming | aghtatme t yubaviing aof i gbtvesowtcethesidd©ned
above the reflecting type liquid crystal display. 25 According to an

exanpl e ofligh¢ proposai]lly héo refakdiatalry, 20038r8akkl wm datventdew cefi s
mounted to a lid part or a storageable strut of. the reflecting type liquid
crystal dithel dpttlervt.he illum nati on device of another type, the |ight
source such as a cold cathode fluorescent tube, a 5 light bulb, or an LED
is adapted to directisy sughum sttediehehrekl detemgnddmetdi gaied acrlyistwaid

dloplay, L., ety Lo nation dev ce Lot plate o 1L i ng
condensing BEEPSlL S5 Al anger e Lronl ol e L1 gt 30 saunee o,
power. The liquid crystal display of the type is now being
10 ‘brought into the commercial stage. Without using the back
light, the reflecting type liquid crystal display consumes
less power. In addition, the reflecting type liquid
crystal display exerts superior wvisibility even under
external light when used outdoors. From these points of
15 view, therefore, the reflecting type liquid crystal display
is suitable for use in portable electronic devices.

However, in using the reflecting type liquid
crystal display in an environment where a sufficient
quantity of external light is not secured, for instance,

20 indoors or at night, it becomes necessary to illuminate the
reflecting type liquid crystal display from the front side,
leading to a proposal for an illumination device (front
light wunit) having a 1light source positioned above the
reflecting type liquid crystal display.

25 According to an example of the proposal, the



In the case where the illum nation device has its light-emtting body
fitted to the |lid part of the reflecting type liquid crystal display, the

I"id is made 15 thick, with hindering portability of th rtabl ectronic
device. The lid of the reflecting type liquid crystal g'i"ggﬁ“é‘%w?(ﬁh ginally
designed to protect the reflecting type liquid crystal display against

i npacts fromoutside, and therefore it ¥s not preferable to dispose the 20
light-emtting body fragile to shocks at the lid part. On the other hand,
the illum nation device nounted to the strut probably breaks the strut or

i ght source as a result of careless handling when in use and is

conpl i cat éd ieghdon; utdedi Pecavse MIURHRA neb@sspt y 16y &3Fds or 2
accomodat i on nechani smto accommpdate the strut when pnat | 14 January 2003
-4 in useStSrPEPARYCOFS FFYF~ ANVIERR fFITN &SRS ﬁh@§bn%lﬂH%€nt?¥¥PW%l

devi sed to address or aneliorate one or nore of the ahove descri bed

i nconveni 646&d 301 dr BbaERs 1 1TNE ipeddon 49Tt i ©0h prOFREEs WP onkhe | ght
conbi ned touch panel device conprising; a reflecting type liquid crystal

di spl ay; a49dntSPRERE FHA | dTl BdiFRLD CrERSRS chtUPT e Rli §8b§rat2 and a
l'i ght source set at an end face of the |ight gujde plate; 10 and a

t r anSpar edt Fdu ipanQr, ahikEP ark a&@(ﬂféff?itﬁ I Te5eried o 1% €6 ng

plate, and the o _ _
reflecting type liquid crystal display. In a different

illumination device, a resin plate or film having light
diffusive properties, or a resin plate or film having light
condensing properties is arranged in front of the 1light

10 source to indirectly illuminate the reflecting type liquid
crystal display.

In the case where the illumination device has its
light-emitting body fitted to the 1lid part of the
reflecting type liquid crystal display, the 1lid is made

15 thick, with hindering ©portability of the portable
electronic device. The lid of the reflecting type liquid
crystal display 1is originally designed to protect the
reflecting type liquid crystal display against impacts from
outside, and therefore it is not preferable to dispose the

20 light-emitting body fragile to shocks at the lid part.

On the other hand, the illumination device
mounted to the strut probably breaks the strut or light
source as a result of careless handling when in use and is
complicated in constitution because of the necessity for an

25 accommodation mechanism to accommodate the strut when not



| i ght guide plate has a m nute polygonal or circular dot gradation pattcm
formed at | east at ane face thereof of a dot sire of 200mor snailer and an
area ratio of 60%or smaller with the use of an inh ha¥h0ﬁnuﬁ?¥206§5t
ingredient, a transparent or sem transparent resin of a higher inde.c of
.refraction than the light guide plate) 15 In one enbodi nent) the

transparent touch panel, is a transparent touch panel of a resistive nodel,
havi ng an upper part of the front light unit bonded to a | ower part of the
transparent touch panel via a transparent resin | ayer. 14 January 2003 -5

I n anot her enbodi nent, the transparent touch panel is a transparent touch
panel of a filmtype of a resistive nodel4.having an upper part of the
front light unit bonded to a | ower part of the transparent touch panel via
a transparent resin |ayer. In another enbodi ment, the light guide plate has
t he dot gr.aq%gion pattern formed S wth the use of an ink having, as a
nrtost inglfle 'ent, a transparent or sennitransparcnt resin of a higher

i ndex of refraction than the |ight guide plate and including a |ight

di f f usi bl e_pi gnent_. 14 January 2003 -6
SUL\/&ARY OF THE INVENTION

5 The present invention is devised to address or amelioratc one or more of the ahove-
described inconveniences or drawbacks,

The present invention provides a front light combined touch pancl device

comprising: a reflecting type liquid crystal display; a front light unit including a

transparent light guide plate and a light source set at an end face of the light guide plate;

10  and a transparent touch panel, which arc sequentially layered on a reflecting plate, and the

light guide plate has a minute polygonal or circular dot gradation pattern formed at least at

one facc thercof of a dot size of 200tm or smaller and an area ratio of 60% or smaller with

the use of an ink having, as a most ingredient, a transparent or semitransparent resin of a
higher index of refraction than the light guide plate.

15 In one embodiment, the transparent touch panel, is a transparent touch pancl of a

resistive model, having an upper part of the front light unit bonded to a lower part of the

transparent touch panel via a transparent rcsin layer.



| n anot her enbodi ment, the light guide plate is constituted of a
transparent or semtransparent resin |layer of a higher index of refraction
than the light guide plate at | east at one face thereof. In another

enbodi nent, the light guide plate has a fine grained paffdanuasy @083at 5

| east at one face thereof. In another enbodi nent, the Iight guide plate has
a plurality of prisns forned at | east at one face thereof at the side of
the reflecting type liquid crystal display with a pitch of 30-SO0p. mand a
breadth of 30-100~tmin parallel to an incident end face thereof. In

anot her enbodi nent) the transparent touch panel conprises: and upper

el ectrode 10 sheet having an ugper electfode fornmed on a |ower face of a
filmtike insulating substrate; arid a | ower 14 January 2003 el ectrode
sheet having a |lower electrode forned on an upper face of a plate-like or

filmike insulati i ] 1 110 i ar,ranged on
t he upper face %@g@?&ﬁ%&%@ﬁﬂ{ﬁéﬂs@g}g& %élﬁié?% %Idg%s%gg?ggﬁtzto?%pf“g%fo
el ect r odea sheetypaiof a&fe&i@ﬁ@@ﬁldd@l,fhacﬁgeﬁlcd&gef pert ofl the drordilight aneboh&idvesa

the el ectrodes, and 5 wherein the |I?ht i de plate bonded to a rear face

of the trlovespeeel thomesppratiough panel viaspnipaisat feski lay$rayer, and the
transparent towch e t I: i re, conbjned in ong body.
| n anot her enb ﬁrﬁ(@ﬁ& é’ﬁg‘g‘gﬁ‘t&gé{’{ Hgl%t édﬁgph%a%kées %rg Oc}ogﬁd&qgn&)ﬁge@i §mF8
consti sut edth the use of an ink having, as a most ingredient, a transparent or semitransparent resin

of a higher index of refraction than the light guide plate and including a light diffusible

pigment,



of many m nute dips on the entire upper face of the insulating substrate. 1
p I n another enbodirr~ent, an area ratio of the m nute dips distanced away
fromthe light source is larger than an area ratio of t i KRS in a
vicinity of the light source. 14 January 2003 _g_ In Zﬁé’%@%@ﬁghgl ment ,
the f Imlike insulating substrate with the m nute projections and di ps has
many m nute projections forned by transparent m nute beads incorporated in
resin to be nolded, before the filmlike insulating substrate is nolded. In
anot her cnbodirnent, the projections of the mnute projections and dips are
5 formed in a coat by coating or printi ng of an ink including transparent

m nut e beads. In another enbodinment, the“coat is forned in a dot gradation
pattern having a larger area ratio at a part away fromthe |ight source
than in a vicinity of the light source. In another enbodi nent, the Iight

gui de pl ate cobprnessr embotimentate lghtagdelelaé is onstituakl phaelranspadntiora

id f the liquid tal di fl t. 3 havj aflat f t
T0'a o deaytepipeferl FoeHH RvoCo SP bk Pdex BF et thaRin Rt SuifepieR atdsasng
an i ncl i ngthnkdse théreaf si de of . . ' 14 January 2003 .9. tae liquid

crystal display, and light enteri ng froma side face of tha |ight guide
plate is refl ebt arpther emkodimant, i Behif guide platahapafine grawied patémtfoembd abt

gui de 33I %Ssa agg%fa@ﬁdéggﬁ is projected outside fromthe inclined face of

the inclineé hot her enbodi nent) an angl e defi ned between the end

face where theld iglthcrbersbotiernfithé ligh! @he pltt Gas Al Shflitg ofipsRAS ggngézlﬁ af!
IS - )

face of the light guide plate at the side of the touch panel

and an ari§hs aliens féa thrseqleatihe fide of the rletingftyphEquidarypal displayl withea pitch
:j|n ?Li:tn iegnc;ff%)?%(ﬁfprﬁ Qf?d Elﬂgézxid{hegf R4 60].?1'9115’1 1‘58-%:1%8 a¥1 ?x?ciécln%teng g.(;[c t. Qreg . opposite

In another embodiment, the transparent touch panel comprises: and upper electrode

10 sheet having an upper electrode formed on a lower face of a film-likc insulating substrate;

and a lower



incident face of the light guide plate on the face at the side of the
liquid crystal display is not smaller than the above angle and snaller than

1 SO . 10 In another enbodinment, the device further copprises a
transparent |ayer of a smaller index of refraction than!$Ha8NHARBAROG3 de
plate is fornmed at the face of the- light guide plate at the side of the

liquid crystal display. 14 January 2003 -10 I n another enbodi nent, the

| i ght guide plate has a 0.3-2.0nmthi ckness. BRI EF DESCRI PTI ON OF DRAWt GS
5 ~ These and other features of the present invention will becone further
apparent fromthe foll ow ng description, by way of exanple only, of the
preferred enbodi nents thereof with refer@nce to the acconpanyi ng draw ngs,
in which: Fig. 1 is a sectional view of a front |ight-conbined touch panel
device according to a f rst enbodinent of the present invention; 10 Fig. 2

o canpl e SERoTRa T ot e Roieh Befnde REbisR S af SRR of STk o i

e~~bodi r ngRE inBEIeino sabektd b&mehihutEI;ﬁOJeBtm&* andAEPaghnged o ehé abpér face
portabl e el ectronic apparatus of another concrete exanple with the fraont

| i aht - contheneaf, i ibichBsayprae sicewodss shegleand thet lomskﬁbﬁeﬁ% sheet ajqemangsdoed

therein face each other via an air layer between the electrodes, and
5 wherein the light guide plate bonded to a rear face of the transparent touch panel
via a transparent resin layer, and the transparent touch panel and the front light unit are
combined in one body.
In another embodiment, a dent part of the minute projections and dips is constituted
of many minute dips on the entirc upper face of the insulating substrate.
10 In another embodiment, an area ratio of the minute dips distanced away from the

light source is larger than an area ratio of the minute dips in a vicinity of the light source.



Fig. 4 is a sectional view showi ng the constitution in detail of the front

| i ght conbi ned .t ouch panel device of the first enbodi nent; 14 January 2003
11 Fig. S isa sectional view of a front |ight-conbined touch panel device in
a second enbodi ment of thepresent invention;Fig. 6 isa dd4clanuaay 2008w of a
front |ight-sconbined touch paneldevice in a third enbodi nent of thepresent
invention;Fig. 7 isa sectional view of a front |ight~-conbined touch

panel device in a fourth enbodi nent of thepresent invention;10Fig. 8 is
asectional view of the constitution ofa front light unit and the periphery
used in a front |ight-conbined touch paneldevice in a fifth enbodi nent of
thepresent invention;Fig. 9 is asectionalgview of the constitution ofl5a
front light unit and the periphery used in a front |ight-conbined touch
panel device in a sixth enbodi nent of thepresent invention;Fig. 10 isa

sectional view of the cons ution ht uni and t peri phery
used in a frontIZUI?!“@HXCIcﬂﬁ%‘i"h@ﬁ“&oﬁ‘@n&ﬁﬁbﬁokedéw g, sy % En%‘ﬁeﬁlﬁodﬂm of

t he prese i I Ohacl ggﬂﬁ N
front Ii gmm{?%?ﬁga%gdd]tdﬁ% I-|c1)aesrl|jﬂ ’Z?‘ﬁﬁg’“"te I'nlng éfront 4 Bﬁﬁr@gn%%ne ouc anel
devi ce in iagorpbgiddinaatinds bentoldedf befoe: theddmrliks mmdammg)substratbéis ﬂmhimlry 2003

12 Fig. 12 is a sectjonal v ew of the constitution.of a front light unit
and the peri phemya‘é&‘k?f FRYY ‘f’?"’&htthFl%fﬂFcE%‘ﬁbPﬁgff FU HQJ‘@POH%\?F@@‘P%%"-

ni nth esrbogli-Aedn PLodi B9 cBEﬁx&e&tprﬁMﬁrHﬂaﬂﬁnk iclidihg Shéhsparedt Bkt %@ﬁig vi ew

showi ng the constitution of an exanple of a conventional front light; Fig.
14 is a diagr arﬂ@ﬂﬁﬂ&’ﬁéﬁ’@@?lmﬁnﬁt@@c%ﬁﬁ/@ﬁW@Hbﬁ dpt grdatierypattans hﬁ“@\g 8 dATEEr
panel bond r 20
Combi ned (BUbUBaR P ey i b R SpkicRan i pltifiy B el sh@bl. "

invention; Fig.Inlotiferamtedinanathedighvgsidewlate cbim@rxsmalﬁldtlfaco)it d gidelof ad
of a front |ight-conbined,t{.ouc Eanel devi ge . of af{1tel event h epbodi nent of
g

the presertoualspanelicandiaba side fdhe hguidrrysiy displayy 2ifiat artdapa having 4 Beidface at
show ngy t I

t ouch goane s@é\??@eeeﬁwﬂﬁ C%}hﬁa.{ dlggér?'dg%! g‘?”géé’%%‘gpgés%%@. %%@Fg \a/J|l é’%ﬁtg %\?égr%g the
20 constitgidléeofh in detail of a front |ight-conbined touch panel devicé of a
nodi fication of the el eventh enbodi nent of the present invention. Best

Nl ode for Carrying Qut the Invention 25 Before the description of the
present invention




14 January 2003 13 proceeds, it is to be noted that |ike parts are
designated by.like reference nuneral s throughout the acconpanying draw ngs.

Fig. 1 is a sectional view of a portable 5 electronic a I hth a
front |ight-conbined touch panel device in a first enboggggﬁpag¥ipﬁ%
present invention incorporated therein. Fig. 2 is a perspective view of a
portable el ectronic apparatus | A of a concrete exanple in which the front

| i ght - conmbi ned touch panel device of the 10 first enbodinment is
incorporated., Fig. 3 is a perspective view of a portable electronic
apparatus 1B of another concrete exanple in which the front |ight-conbined
touch panel device of the first enbodineift-is incorporated. Fig. 4 is a
sectional view showing the constitution in detail of 15 the front

| i ght - conmbi ned touch panel device of the first enbodinent. Figs. 5-7 are
sectional i . f 9 ' . ' or.di ‘
cecond- a ABLIPREABSH AsRLYapd TEBt SFErhR FmDEREL L5 bF R BRI G RiE,
8-12 are gsefliédtedah the dlas fsmcdl Shbdldt pyrtt fresidmwaoab thiet liphtogunidé phutd, ramdtthe ilight is
unit and the vicinity in a front |ight-conbined touch panel device

accor di ng HFQJeatcﬂioﬂtsﬂalaaffﬂmﬁbﬁ”@}iﬁ%faﬁéﬁfEhcdﬁ‘:lﬂl Rffesent invention. Fig. 15
is a sectional i oW . I i ront el i I

the vi ol ni ty 1 vearore] dafRlich, 5a S Heblid Benftendnei Y gt diicrt Bhd (3RF
devi ce facagend thelight guidé pridpdispentd afid & fecepsfethe night puidatplae at Fegidel 6F 19
are sectional views showi ng the constitution of a front light unit and the
vicinity ithe sowhinaont isl §&R - adannangle delnedobstererths et fae¢ of dienldatinartaand

oL eve 1 SEPHGER oD RFRE Rl LSO e B LR, o o000 S o ,
portabl e ghgdéntonte ofitheaidlit gaidedlare roncthadansd atrthé siglhtofghe tiquidl @y=al display is
not smaller than the above angle and smaller than 180°,
10 In another embodiment, the device further comprises a transparcnt layer of a
smaller index of refraction than the light guide plate is formed at the face of the light guide
plate at the side of the liquid crystal display.



10 a light source; S a rectangular reflecting type liquid crystal display;
6 a rectangular reflecting plate; 7 a rectangular liquid crystal display
part: 8 (8A, 8B, 8C, 8D, 8E) a light diffusion |ayer; 9 r upper
el ectrode plate; 10 an adhesive layer; 11, 11A, 11B a 1§2r%§ﬁ%ﬁggp§§ | ower
el ectrode plate: 12 a transparent resin layer; 13 a rectangul ar supporting
body; 14 a rectangul ar transparent touch panel; and 15 a reflecting type
liquid crystal display illum nation device (front light unit). As indicated
in Fig. 1, the front |ight-conbined 20 touch panel device of the first
enbodi ment has the reflecting type liquid crystal display 5, the front
light unit 15 with the transparent 0.3-2;0Qm thick |ight guide plate 3 and
the light source 4 disposed at an end face of the |light guide plate 3, and
the transparent touch panel 14 25 sequentially layered on the reflecting

pl ate 6. 14 January 2003,.15 The ahove, front,|li -canbi ned t ouch panel
device is appli ganqtégrt%b%m@ab:&éc @%éf‘]%lﬂ?%e Qﬁspgbét‘%gmin Baafr}fﬁ%d with the
reflecting type liquid crystal display 5 and the transparent touch panel

14, for instance, cordless 5 tel ephone, portable tel ephone, scientific

cal cul at oBRIEFHDESERIRKON OFODRIAWDBYHEt er, PDA (Personal Digital

Assistant), digital camera, video canera, businessapplication comunication
instrunment, etc. (with reference to Figs . 2-3 ) . 10 A concrete exanple of
.the pqrtabl e e} i i ey FLANLS aYi i ig.
2. Thegportabl ghgfi%:@w Oﬁf@ﬁﬁ%ﬁ%ﬁ%p llf§$rga i Zg%x’i‘;ﬁll}%ﬁ%ﬁ:ﬁ@f unct iag%;ﬁ%rfgjungh

t he transpiy Pllowingidéscriptien, Byl wakioflexarmple qudyy-dfabe prefaped edbodimeersethestofan

uppernost part _of the display part., 15 The rtable el ectronic apparatus 1
of anot heleg‘?fé‘tcét‘é%ﬂﬂcéfq%ﬁgﬁpéﬂr%“H&% ‘%18’ board 100 as the input

devi ce i1 addi ghpn f60 &bfioddl WSPHE & ont RHALLORAIE] dchpablfclReUL iR a5, 2

a display face. The transparent tou 14 can be One that is
as a resi gtftryrermimdiéhentidfehe peessqidnemtionpuch panel 14 of the resistive nodel

is, i h in,.,e.qg., Fi.g. 4 ti ted. of, | til t t
whi ch W8onpr | e FiE s SIIRRECR LUF TS Rrabls TEckOBic aaRaraa AR ForGr Lt BT e,
for instanag, up BbASHEaIMLRLIRED t4\RN! pdnel WAES of thOREt ShBGinRAE n?e‘émvra;tg%

transparent conductive filmand spacers of minute dots 14 January 20
pol ygonal timreini rcul ar in plane are set on a surface; and

16

Fig. 3 is a perspecctive view of a portable electronic apparatus of another concrete
examplc with the front light-combined touch panel device of the first embodiment

15 incorporated therein;
Fig. 4 is a sectional view showing the constitution in detail of the front light-

combined touch panel device of the first embodiment;



t he upper electrode plate 9 of an insulating substrate, - e.g., a flexible
fil mhaving an upper el ectrode of a transparent conductive film via the
dot - shaped spacers. and 5 the adhesive layer 10 in the kL ph t he
el ectrode plates. To partly press a surface of the traﬁ@ﬁﬁ @W@aﬁgﬁ%% pane
14 fromthe side of an input face bendﬁ-the fl exi bl e upper el ectrode plate
9 to bring the upper electrode in touc %Mth the | ower el ectrode, thereby
achieving electric 10 conduction between the el ectrodes thus enabling

i nputs. A capacitive nodel, an optical nodel, or the like is also
applicable to the t spaf e toug nel .14, . The front Li - i.hed
touch panel device ?gaé ?%ng%nai(%%éﬁaﬁﬁﬁ& rnggcf?%ggpI%f%H% ﬁgggg%ting

t I i L front 1 ' fl.ecti
??pgrrﬁquégm%%gg?aﬁ% F§LIafmg{0€%%D§?o%ﬁnﬁiﬁkgnﬁﬁf?é%%&?%%%ﬁgi%g Fﬁgai?ght

gui de pl d;tbe,kight source 4 disposed at one end part of the |ight
gui de pla gegeggd}htﬁgkkgghsparent touch panel 14 (referring to Fig. 4). 20

In the second enbod'gsnt%?tqg I9m§%¥ﬁ¥%%%hpq§ﬁgbagj 11A P%oﬁ@ejﬂf nspar ent

touch panel 14 may be~”a flexible Wi an electrode, simAdar to the

uppet el e I ( ri ; Rig._ 5),.This. | asca fiilm
type$ mhig ﬁ?gﬁg vgﬁﬁggéo §%§i|F%%%%%efjﬁtabégéE?e‘3@§%?ﬂgﬁgtu§£ &%u%
flexible fLlobhR RPL3eRt9bnthe glass for the 14 January 2003 17 |ower

el ectrode and prevents the transparent touch panel 14 from breaking easily.

In general usage, igjgrdej 4Q prouddls ifig transparent 4t oyf@npaqq!ﬂk.gtél,_ gf t he
IC

filmtype with rigidity, a transparent resin plate fornmed of acr

resin, polLygakhenate resithnor Lheilike,tra t oLt atbtaghgd as

t he supporting body i% bé%g%/the Iém%rggléktro éﬂglgégé§?%#ﬁFnB?he third
embodi menf, LARLt KARSPRRLBAL touch panel 14 having the glass |ower electrode
plate 11A and the 10 front light unit 15 in the constitution of Fig. 4 may

be nded via the t spar ent _r esi-n :l r.x f ra : -
De FagsSpPar gt 4 I%%cgtl(:o?l)é?r é}?{%vp.o@tthe %_%rtg)%tlﬂ]ne of

sel f -adhesi ve, a transparent ge erring to

Lranspar egl cEBALN15BRET uhd ¢l 2PN GEApnbe ARV NG & G3HHAN fiansparent

' npl e,

combined touch panel device in a fifth embodiment of the
present invention;

Fig. 9 is a sectional view of the constitution of

15 a front light unit and the periphery used in a front light-

combined touch panel device in a sixth embodiment of the
present invention;

Fig. 10 is a sectional view of the constitution

of a front light unit and the periphery used in a front

20 light-combined touch panel device in a seventh embodiment

of the present invention;

Fig. 11 is a sectional view of the constitution

of a front light unit and the periphery used in a front

light-combined touch panel device in an eighth embodiment

25 of the present invention;



an acrylic ester copolyner or the |like acrylic resin, urethane resin,
silicone resin, or rubber resin, etc. The transparent gel is obtained by
formng a transparent polyner sel f-adhesive to a gel Shﬁ@frukh@@b@@e series
20 adhesives, acryl series, or natural polyner nmaterial, etc an be used
for the polyner sel f-adhesi ve. This arrgngenent elimnates an air |ayer

bet ween the transparent touch panel 14 and the front light unit 15. Due to
a difference between an index of refraction of the air (1.0) 25 and an

i ndex of refraction of glass or transparent resin 14 January 2003 18
(1.4-1.7), the air kayer1bf jor esegt-bebugen il | ometn gl ephtede plhiate 11A

or 11B and the light guide plate 3 decreases light transmttance. The

- arrangengdi withrdde Light gmide &l@t end and- e Ay apsear ant foychpanel 14

5 bonded via the transparent resin layer 12 renoves the intervening air

aver betyean LoenbiAbl QULER PLALE Hdfitd gﬁmtiaﬂfﬁgﬁfgﬁb&gﬁg pangl 14,

" thereby improving [ight transmittance gul ate 3 and
the transparent.todeh; papglidd; 10 In the fourth enbodiment, in the case of
t he transpareatetouchlpane l14 of the filmtype which has the | over

el ecdrode plate 11Bpfgrmed of asfil.mwiih: an, gl ectrade Séﬁgd,ﬂ{?t 0 e upper

el ectrode plate 9, thé supporting body may be omtted and the transparent

touch 15 panet; L4+¢8A 99 aht éﬁQﬁf‘nre bechl xomehfegomn%rbh@h&lgwtt 15 via

the transparent resin |ayer erring to Fig. . I'n this constitution,

the light guide plages3 ofy4he;front lag%&ryﬁate&?l%% %%§ | s9r as e

supporting body 13 for the lower electro 1B of t e t ranspar ent

touch parl%mlélmtggnﬁﬁ? Ebaﬁttb@gﬁtrwkexea baeh@gegahaﬁ sHRRQK! ltﬂggf%%y 13 and
tion o |

the |ight guide plate in the constitu IS renove The |ight

transmttance is |FE58ve Eﬁcggr%!ng%gtlg glayhggpmggt offfgﬁ%tﬁq par ent

touch panel 14 to e light guide plate Is easily carri ng to a

SoriaZs HABUER SheteobersResribg el skl oibelingtl) me o
present invention;

Fig. 16 1is a sectional view showing the
constitution in detail of a front light-combined touch
panel device of an eleventh embodiment o¢f the present

15 invention;

Figs. 17 and 18 are partial enlarged views
showing two examples of the light guide plate of the front
light-combined touch panel device of Fig. 16; and

Fig. 19 1is a sectional view showing the

20 constitution in detail of a front light-combined touch

panel device of a modification of the eleventh embodiment

of the present invention.

Best Mode for Carrying Out the Invention

25 Before the description of the present invention



entering fromthe side of the uppernost transparent touch panel 14 passes
the light guide plate 3 of the front light 5 unit 15 and the reflecting

type liquid display panel 5, is reflected at the refl egt t , again
passes the reflecting type liquid crystal display 5, tﬂtg%g%rggéaoée pl ate

3, and the transparent touch panel 14 to_be projected outside. Since the
external |ight passes each part of the L) di splay part twice, the light
transmittance is considerably decreased in the reflecting type |liquid
crystal display 5 as conpared with the transm ssion type liquid crystal
display. It is therefore inportant to elimnate two |ayers, nanely, the air
| ayer andPERESEGSporith ng® bidyPa3nebednphRate Lise PGt st et eI dmEtedhe air
- layer has _particularly a |arge difference in index of refraction to the
light gui & plaké 3rSRATERES] oMRFeERLEt rBRECHIRRRE 11%1e 1 AECURITY Hici ng a
great loss of light as a result of the reflection at an interface of the
“air |ayer @RGS0t her 20 layer. For instance, when a transparent acryl
plate is used as the transparent |ight guide plate, a | oss of nearly 7~
light transmittance fésul tls f%%n1%he5§9g#96élreVP§Uti@ﬁ bébad§éf%ﬁbi%
difference in index of refraction between the 25 acryl plate and the air
| aye®. ThEedHAMG t ARPAFAtRaydr Wil Fankrent 2809hZocRa®iacegoorefhect on
i mprovenent of the light transmttance, In the above exanple, the 7s |oss
can be red®@ded. deviKe diove-frietsdr rambadigant ightthmirrasend | Inr &R r i bed
next. 5 The arrangenent that the |ight guide plate 3 is superposed on the
refl ecti ngNGAFPITARAY ERGSEHR- di dpiey & ieq@ rRarsPRCEivht viardehlate 3
to exhibit sufficient light transm ssion efficiency w thout obstructing
vi si bi | t POTAHE |1 RGF RISt aPParapray 1AM A  hFRNEEELENANEP IH ai ke
formed of transparent resin nay be used as the light guide plate 3. The
which the front light-combined touch panel device of the

10 first embodiment is incorporated.  Fig. 3 1is a perspective
view of a portable electronic apparatus 1B of another
concrete example in which the front light-combined touch
panel device of the first embodiment is incorporated. Fig.
4 is a sectional view showing the constitution in detail of

15 the front light-combined touch panel device of the first
empbodiment.

Figs. 5-7 are sectional views of front light-
combined touch panel devices according to a second-a fourth
embodiments of the present invention respectively.

20 Figs. 8-12 are sectional views each showing the
constitution of a front light unit and the vicinity in a
front light-combined touch panel device according to a
fifth-a ninth embodiments of the present invention.

Fig. 15 1is a sectional view showing the

25 constitution of a front light unit and the wvicinity in a



transparent resin is resin having superior transparency and |ight guide
performance, such as acrylonitrile-styrene copolyner resin, cellulose
‘acetobutyl ate resin, cellulose 15 propionate resin, polyyahtuly BBOSENE
resin, polycarbonate resin, polystyrene resin, or polyester resin, etc. In
t he above-described first enbodi nent, ihnce t he transparent touch panel 14
is placed at the upper part, a parallax’is given rise to if a distance

bet ween an upper 20 and a | ower faces of the light guide plate 3, that is,
a distance between a face of the light guide plate at the side of the

flecti t l.i qui St i 5 _and the. i t f f the Light

gui do pl et o GAHNGE, PoRD PaRET clen bR B T o8O aPge.
| ti i 25 di spl t. bet di spl iti d [ t 14

banuary S0UE RS BRETETERE Thera Tt cknoss BR ERRT  ght qui de plate 3 is

t tob |1 0. 3: 2. t he di st bet t he f f_the light
gui de plate 3 at tHE S de 67 Phe P8 | GG Wpe 11 d PYLESF dFeflay o

d the i t f .5 of _th i ght i |ate 3 at th ide.of th
£ anspar M GLERC KPP TLA | S ARF neAPREA KD et Pt C1er Jar HHaY Sitnfn The
t hi [ f, bl .3-1.5 When t t hi.ck f . the |ight id
bl e S PN R e R R
process and a suffi iegt 10 qugn%ity of Iight canpot be taken from an end
face partSbf’ERe! FHRTIHDTAR Of abRS3PHRBFRTt ABYVFIGhP source 4 is I ocat ed.

VWhen the thickness fxcgeds 2, € t?e front,gL?pt uni.t 15 is increased in
t hi ckness and wei ght™t b*¥osel poft &BF1 FL§S - Tha FPght €§6FBBCHI BEBS33Lan be

LﬁgggdoinhﬁFﬁggﬁgbthﬁéggﬁgéégi(¥e§£§cki5gl§bae? E%fu¥gtéogo% aglglat

electronic apparatus; 3 a rectangular light guide plate; 4

10 a light source; 5 a rectangular reflecting type liquid

crystal display; 6 a rectangular reflecting plate; 7 a

rectangular liquid crystal display part; 8 (8A, 8B, 8C, 8D,

8E) a light diffusion ‘'layer; 9 a rectangular upper

electrode plate; 10 an adhesive layer; 11, 11A, 11B a

15 rectangular lower electrode plate; 12 a transparent resin

layer; 13 a rectangular supporting body; 14 a rectangular

transparent touch panel; and 15 a reflecting type liquid
crystal display illumination device (front light unit).

As indicated in Fig. 1, the front light-combined

20 touch panel device of the first embodiment has the

reflecting type liquid crystal display 5, the front light

unit 15 with the transparent 0.3-2.0mm thick light guide

plate 3 and the light source 4 disposed at an end face of

the light guide plate 3, and the transparent touch panel 14

25 sequentially layered on the reflecting plate 6.



In the case where both upper and |l ower faces of the light guide plate 3 are
made in a state of a mrror face, the incident light is sent to an end face
opposite to 20 an incident end face of the light guide 1 JareuFWEoox
repeatedly totally reflected at both faces. As a result, hardly any |ight
iis projected to the front, i.e., incidegy end face and, the opposite end
face. For solving this, the light diffusion |ayer 8 is set at |east at one
face of the 25 light guide plate 3 at the side of the reflecting type 14
January 2003 22 liquid crystal display 5 or the display face, so that the

light in the light QHiedgbB\'yﬁg%r%ﬁmg:stl'ﬁgyht‘l‘étonﬁo‘l‘ﬂaerodﬁqﬁgﬁlt rp%fdegcﬂ def ge

liquid crystal display t sconstituted gui de plate

~ havi ng thﬁsd}aggig_ie%n Ve S8t 2o pueLl appednel LBaraklect! ;eg%@ilypgﬁediqui d

crystal disp , ther ecting type I'rqurd cry ispla

[ nat g sutdl ot ant e e HLgbLJLeamd D Souces dspugeendt Lo (he

end face opposite to e I'nc e plate whi | e

o Per s S kRAnSRARANE] 1L 2 pRlhBOLON, | e Lhgbbngl: O Bahek 1D

i1lum nating entirere ng type 1iquidcrys §pl e |ight
di ffusion_| of t ' guide plate 3 Ls.requi.ted to have sufficient
Iigh? traﬁ§§¥§épgﬁ’ﬂ5é§%+%§£%cy%%gF4&§§ﬁMthsgi?%gggﬁcli&ﬁ#%ﬂﬁfg%ﬁ’to
obstruct vyjsihility,of iguid crystal di y. ,Therefore, t.he . light
diffusionSP§§§Fe§°¥§ a é%ﬁ%%ﬁ? aggﬁﬁgksrfinéﬂé apé?e§5885 i cdi191taL
gradational _pattern, a graiped for a prismshape, etc. 20 A dot gradation
f or med byﬁgé%g ﬁm;gl)i’nti%bgfgageneqaﬁﬂf’enpl"&?g&’ fo?a?lﬁjéaf i gtﬁusd]infef I on

| ayer 8 at tqe b%ck |QQPt- The .dot gradgtion in this case has dot

di amet er 8FPPnof2small &1t han nd -2 ﬁ?@%@ht £&Cadddd Fo % ﬁ%ﬁ% % he

l'i ght diffusiqn _perfar,mance. |If the thus 25 forned |light diffusion |ayer 8
. Q % S, 2 % .

is to be ﬁse direétly ‘as it 14 January 2003 23

10 A concrete example of the portable electronic
apparatus 1 is shown in a perspective view in Fig. 2. The
portable electronic apparatus 1 realizes an input function
through the transparent touch panel 14 which is a pen-based
input device set at an uppermost part of the display part.

15 The portable electronic apparatus 1 of another concrete
example in Fig. 3 has a keyboard 100 as the input device in
addition to the transparent touch panel 14 as the input
device at a display face.

The transparent touch panel 14 can be one that 1is

20 called as a resistive model. The transparent touch panel
14 of the resistive model is, as is shown in, e.g., Fig. 4,
constituted of a multilayer structure which comprises: the
lower electrode plate 11A of an insulating substrate, for
instance, a glass plate or the like where a lower electrode

25 of a transparent conductive film and spacers of minute dots



is as the front light unit 15, the liquid crystal display part 7 is
occupied with a high ratio of dots and - deteriorated in visibility both
‘when used with external |ight and when the front |ight140uhuiby 2603ur ned
on. 5 Then, according to the fifth enbodi nent of the present invention, the
light diffusion layer 8 of the front light unit used in the front
| i ght - conbi ned touch panel device is devised specifically as will be
descri bed bel ow. For exanple, a dot gradation pattern is forned with the
use 10 of an ink having, as the main ingredient, a transparent or _
sem tr an?aqw%arlesaf\ ek reulliaghem | BgXe Ob reefdAcCtdQNat han dhe |l 1 gy gui de
plate 3 to the face of the light guide plate 3 at the side of the
- reflectingd ypspbiauid axsi@l pdbspl @ ge ther ey §aRShHLt Wing: gaLd ght
diffusiongﬁayengA. 15 The othgr face of the IighF guidg plate 3 a%gthe
. side of the displayifaggiks page a, I r Ce& I &f eLh| Fi 8). A
dianeter%bg éac% dot In éot gradati%%{% trg ﬁp ﬁt d%%%ggf%%elaggr %A i's
set to b t nd, an, {0 i | ar ger
han 605 aRCFR o CRE | o e S PP T i Tohs oyt a
di spl ay IS I ggd. yg% | § ght; £n [ ne Jj.nterkor.af j gui de
pl a'%e 3 i%gl,esr%%gétg?ng tJha t ot aIg rlerfl Ee@%i g’%‘flg’z}écf? (égntth%o% gc‘(&a%cgg ace
opposite ¢t N '(ngt £ f i i T, ight is
further fg%g%jeec?lgdd frorrlle‘\?g% %%?sé)o#%ﬁaeé% ?g%t%% ?‘?ﬁ%%&f%}%r{%ﬁ& 14

January g%g%l%i% ghet Begsi gg %fn EiExEJurt?Haeé:etik{&&é’%héiﬂP% igfystal

di spl ay the I ght guide plat S umnating the reflecting type

1auld crysial dsBauss. e GUSNtiq Yool e { gobex PLAERLER A 4 he

i ght diffasion layer can e adj uste rou an adjustnment of a

dat i | | b ght i fyfusi an | |
et oct i nS Firbe T auraccr SAPE! o ays ety PRRAEAA SN 10

reflecting typ iqurd crystal spl ay can ate

fropg li %%&%éi&k?%%{»ge fraot te'l%%'@.}'%gegomu%ec!ar{[a%g{?\lggﬁif}%\h@sey | cg

according to e sixt odi nen resent inven e dot

gradatio%a%aatc%ie{i’\z@afﬁggéflf Orapdob; b9 'ack OF bhe ANt ; gUl e pLpLs 3 at

the side © e disp ace, w € same dot “di airet er ~and e sane area
oo LD S Bl b AT By e 1 gt edent
(e 110, 9ul de b st S5 PURL RSLASLRReR B Nl LGN her o0
case, th%ﬂﬂﬁHﬁa@T &rgggthe reflecting plate 6 reflecting external
15 light and light from the front light unit 15, the
reflecting type liquid crystal display 5, the front light
unit 15 including the light guide plate 3 and the light
source 4 disposed at one end part of the light guide plate
3 and, the transparent touch panel 14 (referring to Fig. 4).
20 In the second embodiment, the Ilower electrode
plate 11A of the transparent touch panel 14 may be a
flexible film 11B with an electrode, similar to the upper
electrode plate 9 (referring to Fig. 5). This is named as

a film type, which is advantageously light-weight because

25 of the use of a flexible film in place of the glass for the



20 the light guide plate 3 is irregularly reflected and diffused by dots of
the light diffusion |ayer 8H forned at the side of the display face of the
Tight guide plate 3, and projected to the face at the sjdanefary 2003
reflecting type liquid crystal display 5, thereby illum nating the 25
reflecting type liquid crystal display;%. Because of the 14 January 2003
25 diffusible pigment mxed in the ink of the |ight diffusion |ayer 8B, the
light is nore efficiently projected. The - quantity of light to be
projected at the light diffusion |ayer 8B is adjustable by adjusting the

gradati on Juadd @1t dde iy - 8Rns0 dhate tdiesgefd ecti e ipgndi aui d

crystal display 5is illumnated uniformy. Gavure printing, screen

printi _ng’erfmtE')‘%elaikii%gprieQEij.@?.”Ethﬂg ifritsabl e s@ Jor mhhe, aboye dot
gradation pattern. A nethod of transferring sinultaneously with 10 nol di ng

' bref erped hepause e ot aradat bom PRt £an dze £g e 18] rupyaneously

when thelight guide plate 3 I1s nolded. The nethod of transferrin

simul taneaus] vz i 4dy €p] dine-LRsBReELE! cBLLK PGk iR d Ienslar, prteri al

having a transfer layer forne ase s S inal bld, a
oaih ol and BoRal g TR Er anerar maer o7 1o's SurTaee Arthebld at
the same {d M thBARA Nes DAk SheRbd:t i2GPapaligd 1 INeAlY, thael ragRber | ayer
is transferred to a subject face to be transferred.
electrode plate 11B.
In the third embodiment, the transparent touch
panel 14 having the glass lower electrode plate 11A and the
10 front light unit 15 in the constitution of Fig. 4 may be
bonded via the transparent resin layer 12 of a transparent
self-adhesive, a transparent gel, etc. (referring to Fig.
6) .
The transparent resin layer 12 is obtained by
15 applying a general transparent self-adhesive, for example,
an acrylic ester copolymer or the like acrylic resin,

urethane resin, silicone resin, or rubber resin, etc. The

transparent gel 1is obtained by forming a transparent

polymer self-adhesive to a gel sheet. Urethane series
20 adhesives, acryl series, or natural polymer material, etc.
can be used for the polymer self-adhesive. This

arrangement eliminates an air layer between the transparent
touch panel 14 and the front light unit 15. Due to a
difference between an index of refraction of the air (1.0)

25 and an index of refraction of glass or transparent resin



20 Afront light unit in a front |ight-conbined touch panel device
according to a seventh enbodi nent of the present invention nmay be provided
with a light diffusion layer SD at the face of the |ighs JawudeyR0es8e 3 at
the side of the display face in a fine grained formof a degree not 25 to
attenuate the display visibility consiq%rably (referring 14 January 2003
26 to Fig. 10). The grained formof thé'light diffusion |ayer 8D of the
light guide plate 3 is obtained by formng a grained formto an inner face
of the nold and producing the grained formwhen the light guide plate 3 is

L9eC, SILFI B YA s Syalage oF e gl Mgl ste Syt
o the LghtaSht LSO Lever P e gy st Lo and face of
10,01, Shesgiebnsdson omt el s Lyon Al usiand sy AR eng.gert o
D BB T B O T L AL o Ler St e o
cryse haRS, Soke d npsrablelto Lie.bnelSent anf Lace ol (el
ponel e SERSRERISN 1A, 0 e LA SIBORLI 0 e B ssenl, Bveni on,
LT et gL e el e Lyee 1L qstel Sippl . inouan g, om
Lot O L ifesaReh b oL P B S IR ST S 2 Bt B
L4 January, 2008208, ELRIRCpRRTA e Lt cont eng face, thereby contiolling

| di f f usi I 8 b| d wth itch of 30-500 d
ight diffusion | ayer 8F arg preferahly formed wth g pitch of 30;500um an

transparent touch panel 14 of the film type which has the
lower electrode plate 11B formed of a film with an
electrode similar to the upper electrode plate 9, the
supporting body may be omitted and the transparent touch
15 panel 14 can be attached directly to the front light unit
15 via the transparent resin layer 12 (referring to Fig. 7).
In this constitution, the light guide plate 3 of the front
light unit 15 serves also as the supporting body 13 for the
lower electrode plate 11B of the transparent touch panel 14,
20 so that the air layer between the supporting body 13 and
the light gquide plate 3 in the constitution of Fig. 5 is
removed. The light transmittance is improved accordingly.
The attachment of the transparent touch panel 14 to the
light guide plate 3 1is easily carried out owing to a soft

25 structure of the transparent touch panel 14 of the film



5 in order not to adversely influence the visibility. According to each of
t he enbodi nents of the present invention, the light diffusion |ayer 8 can
be forned of a transparent or semtransparent resin of ﬁhi her %dqi_fx of
refraction than that of the light guide 10 plate 3. Conc ‘é ?f,y ont
light unit in a front I|ight conbined touch panel device in a ninth

enbodi nent of the present invention nayl%e provided with a |ight diffusion
| ayer 8C of the transparent resin of a higher index of L5 refraction than
the light guide plate 3 at the side of the display face of the |ight guide
plate 3 (referring to Fig. 12). The light entering the Iight guide plate 3
is reflecté®®t an interface of the | ight guide plate 3 to the |ight
~diffusion | ayer 8C hecause_ of difference in index 20 of refraction

t her ebet ween, furthe® p?BFEct%ftail thet pabgdimenfrsr ahge eertesRaly Light
illTumr_ates the reflecting type liquid crystal display 5. In the
" constit ut ieé‘rEerslir}ﬁ:ef’ﬁ%‘f‘thgt éyldﬁr fhothpr BERREMIE Ut He FTBHRT FHcetdRCh he
light guide plate 3, the visibility of the reflecting type |liquid crystal
25 di spl apP35'Ss lh%r%l?i/s?%ﬂ:%‘énh:éahg I¢3d8aRdal e é”oﬁgzté%/élj'hferq’ri‘gh%lg}é rce 4

i s disposed at end face of the light guide plate 3.. The |ight_ source 4
is arr gngéﬁ‘laﬁ ]ﬁt‘ga%?gatfh%néegila@tbflggﬁépge&tlélhlg@l & 981 F@ftﬂeg]e Maté 3. A

col 9 cathode [1Uorpsgent chubey P LEDLGr She IThe T3 8,9mPLoyable ag the

reflecting type liquid crystal display 5, the light guide
plate 3, and the transparent touch panel 14 to be projected
outside. Since the external light passes each part of the
10 display part twice, the light transmittance is considerably
decreased in the reflecting type liquid crystal display 5
as compared with the transmission type 1liquid crystal
display. It 1is therefore important to eliminate two layers,
namely, the air layer and the supporting body 13 to improve
15 light <transmittance. The air 1layer has particularly a
large difference in index of refraction to the light guide
plate 3 and the lower electrode plate 11A, 11B, with
inducing a great loss of light as a result of the
reflection at an interface of the air layer to the other

20 layer.
For instance, when a transparent acryl plate is
used as the transparent light guide plate, a loss of nearly
7% light transmittance results from the surface reflection
because of a difference in index of refraction between the

25 acryl plate and the air layer. Thus, saving the air layer



The cathode ray tube to be used is a straight one, an L-shaped tube astride
adj acent two side faces, a Ushaped tube extended to adjacent three side
faces. etc. As shown in Figs. 4-7, a reflector 49 may hg JhpuapgRebBed so as
to efficiently condense the |light projected fromthe |light source 4 to the
incident end face of the light guide phgte 3. The reflector 49 is
preferably obtained by a netallic plate having a surface of nateri al
specularly reflecting light, for exanple, a nmenber having a 15 surface
coated with silver, alum num platinum nickel, or chromum particularly,

3:L¥5;|ble r 4“qgnéﬁﬁff§%ﬂichg;ﬂx @& d|f$u5|%€ ?§?§pg%%$%%f ta%?g ot
" diffusion Boqﬁebl 3 Lfgp‘?byt}% eﬁd'f‘gsg#@%%a%% ug:glg 20 i ke resin

with a |light usl ‘ance such  as 5i 04, or by

~ foam ng polyester h e ut i ahl e ry

her ei nabove, sinceopﬁg gpék? FFS%fgunltﬁ%%Q n&lghé B#anspareﬁfﬁt %ﬁ pane
14 are cog% %£¥ ‘xgne body via the transparent resin |ayer 12, the 14

January YT ahshittance is |nproved The supporting body 13 is

I d wh h f.the.fjilm d,
ey Tho o ool PRl i el Bre WERLR Vo
5 Diext, th f t d
e Al LR B g I

cryatal Bl g S gt -HEngr i '%2”91#% Zaier i WEER A o HAEEAGTE0  he
fo'lOW'uaféhonve@%%%%%1551on efficiency without obstructing
visibility of the liquid crystal display.

10_ A thin rectangular plate formed of transparent
resin may be wused as the 1light guide plate 3. The
transparent resin is resin having superior transparency and
light guide performance, such as acrylonitrile-styrene
copolymer resin, cellulose acetobutylate resin, cellulose

15 propionate resin, polymethyl pentene resin, polycarbonate
resin, polystyrene resin, or polyester resin, etc.

In the above-described first embodiment, since
the transparent touch panel 14 is placed at the upper part,
a parallax is given rise to if a distance between an upper

20 and a lower faces of the light guide plate 3, that is, a
distance between a face of the light guide plate at the
side of the reflecting type liquid crystal display 5 and
the input face of the light guide plate at the side of the

transparent touch panel 14 is too large, resulting in a

25 displacement between a display position and an input



That is, it is necessary to illumnate the reflecting type liquid crystal
display fromthe front side when in use in an environnent where a
'sufficient quantity of light is not secured, e.g., indq@rfafiargt20039ht,
etc. 15 To this, an arrangenent is proposed whereby a flat illum nation
(front light) is set at a front face of,jthe reflecting type Iiquid crystal
di spl ay, thereby using both an environnent |ight and the front light (for

i nstance, SID, 95 Digest, page 3i5, C Y. Tai, H Zou, P.K Tai). The 20
front light has a |ight source 104 such as a cold cathode fluorescent tube
or the Ii .at a d : Ligh~ I de; t ans ent
ggsinlgg E§g§?§E§; aﬁgﬁglW%?ﬁﬁﬁ§%§%%goggpﬁéflﬁﬁéﬁh?nﬁ%%ggrgﬁgégi?n??%nd.

i ps [ r a i | ui ref erring
fo Fi g 135 EoRe aanshehkentr Rud dr G rece fsRefh8 BRIERS O par
of the light _guide plate 1 are .qui ded _i_.nwar,d ile repeatin ot.al
reflecti o%alcﬁsi 8g tﬁ%gl ﬁg’l’?%}?tguigdlelg% af af(??,. 3Pa\é\? th?heSJrﬁQ%h?O%eatﬁﬁe i's
reflected_by.the.projections and dip 08.with an an wher eby. the beans
ire easy FOTSCREIREcrUEs dnavaRis R tate A ERIEH na ey pY TR YR
Ui 42 bl aPE 158 THEHODYT 1T ult A5Fi g he:er TRt | 6. tyise AR et a
(1 anspar el U iner | 5° GRebBORRPER 5o Rint T actabR°E thatom iTbn type
liquid crystal,_.di splay to provide ippyt. functiop froma liqui,d crystal
di spl ay f;'%& t’mé%{) eg?/?splaﬁ' ente %ﬂ%@fﬁbaﬁe? ]rh xfuﬂdese’gﬁnu St P qlecc]ﬂeosd% sheet
109 havi ng an,upper_. el ect.rode ,of a_l5 transpare conductive .filmat a
| over fac%fofthg ilIgPr%l IR SenPdrP&S iy lssuk?éntai & %@r’arh 'gﬁ@i" quéectlr " sheet
111 having a | ower_ gl ectrode of transparent conductive_fil t _an upper
face of a%élﬁéi& -?H{tée o% f?‘FmCFJiqéq%s%l &0 rRF QBT r & ﬁ’hes'{r?b%e?leer}%ct rode
she 109 and I.ower .el.ectrode sheet 111 are arranged to face each. other
U 2 Bn ai PRt To@inde P e TR roteba T FFals APt of A it SUF f ace
froman input face brings hoth el ectrodes into touch and el ectric
connect i orif%\ﬁ i 9rc 94 elp?'at ege eéﬁafr'liien 95Ut uEGE & propEatgdor

exanpl e, Japanese 25 lLaj d-Open Patent Publication_No., 61-1 3%&G{ t t ouch
T Do YTB00% 91 “Fatarie &8 baRaBACE o 2 N8y s arfu SE0BR L7RBL itk Lyt al
di splay via a sel f-adhesive |l ayer or re-rel ease sheet, .

is increased 1n thickness and weight to lose portability.

The light guide plate 3 can be formed in a wedge-like shape
15 or the like shape in addition to a flat plate of uniform
thickness.

In the case where both upper and lower faces of
the light guide plate 3 are made in a state of a mirror
face, the incident light is sent to an end face opposite to

20 an incident end face of the light guide plate 3 while
repeatedly totally reflected at both faces. As a result,
hardly any light is projected to the front, i.e., incident
end face and, the opposite end face. For solving this, the
light diffusion layer 8 is set at least at one face of the

25 light guide plate 3 at the side of the reflecting type



because the air layer if present even slightly between the transparent
touch panel and the transm ssion type liquid 5 crystal display causes a
‘'surface reflection at an interface and deteriorates tr344sJa @0043f the
device. On the other hand, the touch panel of the above descri bed
constitution cannot be bonded to a reflycting type liquid crystal display
‘using the front light as an 10 illumination source. Since the mnute
projections and di ps 108 of the |light guide plate 103 of the front |ight
are designed to project part of the |ight beans taken froman end face of

the |ight1pgide pkakealOAitpithe g ebteehingilsynay ifidd cdystabtdicspl ay
with the utilization of a 15 reflection at the interface to the air |ayer,

an elim nﬁi?l@ﬂ Qh ttree alEghayefuitdy OﬁUQQté hg at4 aghgertuoftdderd®uehepanel
to a front tace of the Iight guide plate of the front |ight disenables the

. minute pr@éﬁﬁé&@ﬂﬁgaﬂ?péi RS 08 terpsOd ECclibpyhy BeamsyHeh thger ehlygct i ng
type liquid 20 crystal display (referring to Fig. 14). For solving this

i nconveni ggg8eithibedf 108ht! bahtieuittatf 3 head{oft thé bt reqgbbpedatouch
panel device according to the tenth enbodi nent of the present invéntion is

consgructgd gs fpldowppe2b The Lhght - gHide: phat ey &arli%i%m@r%@%talhas no

14 January 2003 32 minute projections and di pS 58 at the upper face as
shown in figp1d9. sOnenkr e@mmai-Gh de: @id iﬁgﬁidcéfy§€ai?&PyﬁﬂaPYS-i%ﬂe

attachnment to the transparent touch panel is also utilizable as e
l'ight guide;phahgrdqevarritibh@ 1 NUte 1ight from the light source
4 proceeds to the end face opposite to the incident end
face of the light guide plate 3 while experiencing repeated
lO_ total reflection in the 1light guide plate 3, with
illuminating the entire reflecting type liquid crystal
display 5.
The light diffusion layer 8 of the light guide
plate 3 is required to have sufficient light transmission

15 efficiency for use with external light and not to obstruct
visibility of the liquid crystal display. Therefore, the
light diffusion layer 8 is adapted to assume a fine shape,
specifically, a gradational pattern, a grained form, a
prism shape, etc.

20 A dot gradation formed by screen printing is
generally employed for the light diffusion layer 8 at the
back light. The dot gradation in this case has a dot
diameter of not smaller than 300um and a pigment is added

to enhance the light diffusion performance. If the thus-

25 formed light diffusion layer 8 is to be used directly as it



5 projections and dips 58 are present. In any case, |ight beans taken from
the end face part to reach the front face of the light guide plate 3 are
‘brought into the transparent touch panel 43 via the traxspa Jy n | ayer
12 or re rel ease sheet. Most of the |light beans entering the 10 transparent
touch panel 14 are totally reflected at,{he front face of the |ower

el ectrode sheet 11, i.e., at an interface between the | ower el ectrode and
the air layer. The |ight beans are sent to an end face opposite to the
incident end face of the light guide plate 3 while 15 repeating the total

el ectongatyd N ntesbeceoBg Bl ooy chhectia el A ey Ieeg el the

| i ght qgui ate h tine, a’'part o e t beans

" the trans&gg%nt7to%feCB$%§gﬂ#ﬁiisw{€gle tegaggt Egggklyo%t QPﬁx%nteQIace

bet ween thé l"'ower € or med on the I nsu I'ng substra e ot% the

. Lover el egbiade sheels Lnand e i, | guer, hseause e, | paulating.,

substrate of the I'ower el'ectrode s S . t he
over el eGt0de i HRG T IAER L8 Snifod 3 i am A Do) oct | ons and
el | Seted i netend Wi dn ARG EThRGr 56y (he bArE MEPAItETE Broj3d (o
s con PEETERE FPSte B ool O P el L1 ©ier i SHET | he
| Fauia crydel arapr a5 s i1 (R naroncs T ST nehe tBRE ATEhT the
Formed at SERG SF0 o196 UBperoPaCe ot RoaPnEatat iy TRREIBas 5t 1o
enabl | ng ERE SRBR Dedmtid’ S PR Bl b8 1 A el SRS ‘o o8 T4 11 oht
oxatll o PA S5 nR ARG Ccns cAPSol By AR TERHEEE ot ATPHRARIE O ps are
preasure By BOTERIE R ke roT| 8 RRERCEr LAFPS Fhet T i gt Siibst rat e
cavi ty Tasboer [ARE By Mot tEranch bRl o6 SRapi Rg ShEer Liferepuide " X0
o1 dod | nEANA @ OF ERE FREE NGRS TROLAEpA r SYBPererbby DTVBCE amet er
of 5-40um £iQ 8 ' S AR M e AN AN 8 Q0 oML RLENSY YD LR
15 The other face of the light guide plate 3 at the side of
the display face is made a mirror face (referring to Fig.
8). A diameter of each dot in dot gradation of the light
diffusion layer 8A is set to be not larger than 200pm and
an area ratio of the dots is not larger than 60%, whereby
20 the wisibility of the reflecting type liquid crystal
display 5 is increased. The light entering the interior of
the light guide plate 3 is, repeating the total reflection
inside, sent to the end face opposite to the incident end

face of the light guide plate 3. The light is further

25 projected from the dots of the light diffusion layer B8A



25 touch panel is used with the external light and to prevent 14 January
2003 34 attenuation of visibility of the liquid crystal display part 7.

Preferably, an area ratio of the minute dips in the viqgnjdpuf id(?g | i ght
source 4 is set to be snmaller 5 than an area ratio of the gﬁﬁupe i ps away

fromthe light source 4. The area rati %d‘i s changed by changing a size, a
pitch of the dips in accordance with a stance fromthe |ight source 4.
Thus, the projection of light fromthe mnute projections and dips 58 is
controlled to bal ance, 10 achieving uniformillum nation to the reflecting

AR et LT R T R g
Fi Tt 11 KeLRUR4E PrigtSbReL FAPBL. HGCBoRIS Car a1 Britoa gt Ua ARatamdal G I ar
i ndex of ‘FREVSEEFON LYPER THGH Gt SUBL TRV | - or GBP EHoRGRUASY o
prosent. OBLENE [ MOPHGLE (8 6 OB o SRIHTEt By 9 { FEHCFedfncan
o7 of 1 abl eS2A0 LGSR A St TF CRERESRGRE AarkFSSTOR B | FEFROPA 1 use

with the external .light. and not to worsen_25 visibility of the liquid
crystal dFepl a;/]“pﬂi}tt 7¢1§?§2193nu3ﬁﬂ%038§5 THE ro?%%?F%h%gﬁY t B'4ni nut e
projections _and _di ps, 58 can be fornmed in a coat by coating aqr printing of
an ink inEFGgFﬁﬁlPﬂaﬁgﬁﬁr hEUARN GE Y Shedd Sl SPHé YheaderaPs fidrinEd NGt eg

material sim_/lar _to that of the insulating
uniformly.

In a front light unit used in a front 1light-

10 combined touch panel device according to the sixth
embodiment of the present invention, the dot gradation
pattern may be formed to the face of the light guide plate

3 at the side of the display face, with the same dot
diameter and the same area ratio as above with the use of

15 an ink having, as the main ingredient, a transparent or
semitransparent resin of a higher index of refraction than

the light guide plate 3 and including a light diffusible
pigment, thereby constituting a light diffusion layer 8B
(referring to Fig. 9). In this case, the light entering

20 the light guide plate 3 is irregularly reflected and
diffused by dots of the light diffusion layer 8B formed at

the side of the display face of the light guide plate 3,

and projected to the face at the side of the reflecting

type liquid crystal display 5, thereby illuminating the

25 reflecting type liquid crystal display 5. Because of the



5 substrate or a resin or glass showng a snmall difference in index of
refraction to the insulating substrate to keep a |evel of transmttance of
the insulating substrate itself. The beads on the coat ﬁyugﬁgg?ﬁgooye
coated totally with the coat or exposed partly fromthe coat. e bead is
10 preferably 5-40~tmin diameter to atigin sufficient |ight transm ssion
performance in use with the external |ight and avoid deterioration of
visibility of the liquid display part 7. The coat of the ink including
"transparent beads 15 is preferably fornmed in a dot gradation pattern having

c Lonser apembable i BBkal sy 1M et | GRCsguagend Laancnolt
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rati o of 0 coat. Light projection at the mnute projections and dips

58 I thugughoteglkad toobal Bcee soriliatesheateiliaetingatvee dd i

crystal drsp i'S i m nat ed uni y. @Gavure printing, Screéen
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made of aﬁg¥gl?%egggﬁé?gghﬁihthEthg§géw% h flat parts 33a having faces in

5 paralle ace at the si ‘the touch panel and inclined

parts 33b havi ng rrugggk,wepegrailrlgjltrh%’acg?rieggll ngff'nt{& he Qth ﬁefﬁf}g‘&ystm

alternately arranged at one “f'ace reof at t side of the Tiqui
display 5o The hacldeRd ace olabhe LLoh, gl 6, PLaLGe 33,Ls Aladdgiity 10
gles to e Ot'Her Tace. e Ti g beans "éntering Tromthe "side end face
koL BELRERECL S S E LT a6, POPLIEDC! e UE PoORL o L1
on &Be 0”%oﬁ%ﬁﬁgakéﬂﬂié¥é¥%é) ggg% éguége9é3§t%kagg%gg%yp%t%%r%h%an
be formed simultaneously when the light guide plate 3 1is
molded. The method of transferring simultaneously with
molding 1is specifically such that a transfer material
having a transfer layer formed on a base sheet is held in a

15 mold, a resin is injected to fill the mold and then cooled,
thereby obtaining a resin mold and bonding the transfer
material to a surface of the mold at the same time, then
the base sheet is separated, whereby the transfer layer is
transferred to a subject face to be transferred.

20 A front light unit in a front light-combined
touch panel device according to a seventh embodiment of the
present invention may be provided with a light diffusion
layer 8D at the face of the light guide plate 3 at the side
of the display face in a fine grained form of a degree not

25 to attenuate the display visibility considerably (referring



15 light guide plate 33, and projected out only fromthe inclined parts
33b, thereby illumnating the liquid crystal display 5. The |ight
illumnated on the liquid crystal display 5 is reflected gdnidis Jgf3d ecti ng
face under the liquid crystal through the liquid crystal, passing the 20
light guide plate 33 and the touch panelg again, to be projected outside.
Accordingly, the liquid crystal display of a device using the reflecting
type liquid crystal panel can be recogni zed even in an environment w thout
a sufficient quantity of light. 25 Figs. 17 and 18 indi cate exanples of the
flat 14 Japuary; 2003 Bie Pard snddarpanabkelntor L hae olber Eacs aagethe
i nclined partg@33b ?ncliﬁ%dfto t he ot her %age at ?ﬁe one ?ace o? ?ﬁ% | i ght
guide plajg 33 atnd heishde afiddehigui d; cryst el i : The
angl e a bet vveenat% he fIl t paﬂl%%apéﬁcgigt ﬁae ?%cl@nteagl partB%Bbfclqrrﬁml]‘—r?gg. El_)117 IS
- 90. In th , L hcl de 1.0 eachj i i (1 3 assumnes
t he sane %%f@égsféﬁg ?ﬂcé egén%%cg%c%ngftkgge®§$% ?ghtggg ?93%90?§8ted
outside o i ui pl 3 I hg. he, angl e_a.of .the
parts BBaJ%%%?%%bg%gsrnget eeél bghgr eggg‘%gt h(g%ﬁ&% a‘#cjaqéesg’ tﬁ%n Tgb.aegtmposi ng
t hat: a hej fla I f. .t inclineg art .33b, 4_.e. t hi ckness
t of5 t he%%@%}f%éeg%gw’ 3%B8i gﬂgdf%ae :kﬁf F?kg%. Q?%hgn&ﬁ“fé% zfnlaaéraeeago?‘ayhe
i nclined rt i N Ei Qe i r ger, ~so, t.hat | ar ger. nt i of

ntp% su%ijt%ec(]ﬁaedd ]J:E flr:l'g Iéaéﬁal.ln?r:gd’pr%%es of %i gﬁaﬁtﬁtaeﬁ' E)%

| i ght can be pr romeach inc part 33b7in an’in Fig.

L7, Pref elabldxi ARa0g! aofal lned behuaen | e gpd fiage Juhgr & e, | bant

source 4 ght” gui de plate sposéd and a fa he | i ght
gui de pl . 33 ; t i f t.ouch n | S -92' . an n_angl e
defi ned gfekl?me:eiﬁ%%ﬁer%géxdﬁé ef%pﬁt h% Igﬁgpgflratd%églgaﬁéet hlgl%h%l Fﬁggef ace of
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the gide of the L1auidyCoystal eodd J2NUALY12082 diffusion layer 8p,
and part of the light is projected to the reflecting type

liquid crystal display 5.

A plurality of prisms may be formed as a light
diffusion layer 8E at the face of the light guide plate 3
15 at the side of the reflecting type liquid crystal display 5
to be in parallel to the incident end face of the light
guide plate 3, as in a front light unit of a front light-
combined touch panel device according to an eighth
embodiment of the present invention (referring to Fig. 11).
20 The light incident upon the light guide plate 3 illuminates
the reflecting type liquid crystal display 5 through a
prism face of the light diffusion layer 8E. The prism of
the light diffusion layer 8E is, e.g., a regular triangle,
a lens shape;'etc. A size or a pitch of prisms of the

25 light diffusion layer B8E is changed in proportion to a



38 display 5 is not smaller than the above angle and smaller than 180. In
nol ding or cutting the light guide plate 33, however, an angle of the
incident face to the other face at 5 the side of the tg Q anel .4 s, not
al ways correctly 90 because of process accuracy. The aﬁﬁf a Hﬁﬂ?%ggbis
within 2 in the nolding or cutting tec%@ gque at present. Wth the angle
taken into account, an angle of incidence of light to the side face as the
incident face is required to 10 be not larger than 44 so as to totally
reflect the light entering fromthe incident face at the other face

f i h h | .of .t,he li i_d I 33 he fl
Gontront 90, REcoUSRPRRE! oL ibEe! L OO sgUEde REBLE, 53 a0 el gt par (s
' I . The_| f f i f.the li id
Crystel Bapeky P ek o dSrel A en ledlied | o, dpppl gy &L

. fromthe %ffé QEdoParérie[ 331l1’gfhan é&‘%ﬁsi‘o f EQG#' 10 paa{xtf_o?’g&e'%?\éi%%?_g}]hfs

faces par el "to the her ce conrronting thé touch ane

| ocated opLhEqoLASE LGS ol L e LboBbof! dePlate, 33, epnbEontingole

liquid crys di he"i ncline b adj acent 'to the

[l atsPart; 338,10, a0 gPRESLLSALLEG! LRR1LankRe chicldentiface s reauired to

be 9%-180. e an € 1 nc |nedtpart cones paralle

to the side face asAEfqﬁg%j@%'gdegé)B;g%g% 054.%§up§§i¥g§§t§en3cgs Alotfho%%lé a

di st ance between the rt i nel i ned continuods at the

gi”gpf ZSESSLeEQStl gt Qride, Plate 33 Ale RS HAT A 186 g LG vekal
formed of a transparent or semitransparent resin of a
higher index of refraction than that of the 1light guide
10 plate 3.

Concretely, a front light unit in a front light-
combined touch panel device in a ninth embodiment of the
present invention may be provided with a light diffusion
layer 8C of the transparent resin of a higher index of

15 refraction than the light guide plate 3 at the side of the
display face of the light guide plate 3 (referring to Fig.
12). The light entering the 1light guide plate 3 1is
reflected at an interface of the light guide plate 3 to the
light diffusion layer 8C because of a difference in index
20 of refraction therebetween, further projected to the air
layer and eventually illuminates the reflecting type liquid
crystal display 5. In the constitution, since dots, etc.
are not present at the front face of the light guide plate
3, the wvisibility of the reflecting type liquid crystal

25 display 5 is hardly influenced.



is made uniform the distance can be changed to even the 5 emission in
accordance with a position of the [ight source 4. As one nodification of
the el eventh enbodi ment, a reflection reduction treatmefd JhaauhRe200s face
of the light guide plate 33 at the side of the liquid crystal display 5 10
Lnproves transmttance of the whole of 2fe front |ight conmbi ned touch panel
device. In a way of the reflection reduction treatnent, a transparent |ayer
34 of a lower index of refraction than the light guide plate 33 is forned
at the one face of the 15 light guide plate 33 at the side of the liquid
crystal display, forrhexdnpites dnyurhe et¢thy piepessidngtarsh feardr fegzea 61 m of
a substance of |low index of refraction to the resin surface of the |ight
gui de pl at@e33.igWenryuanid mdraganix. sulsd aniceh ts usdu Bse MyFzs (andexged at
refraction of 1.38) or the 20 |ike nmetal fluoride, SiQZ (index of

refracti onedfstl.&6)om¢ kideeolfi kharetettingaxade Lightusewideaqgiane apor
deposition, etc. can be used. When an organic substance is used, fluoric

nononers ar ecpl asmrtplaaerizedestbaeemudo) Mang Lthe branspar enkel ayer 34
of afilmto the resin surface. 25 Dip coating or the |ike nethod may be
enpl gyed aspmyafldr as the light source 4.
The cathode ray tube to be used is a straight one,
an L-shaped tube astride adjacent two side faces, a U-
shaped tube extended to adjacent three side faces, etc.
As shown in Figs. 4-7, a reflector 49 may be
10 installed so as to efficiently condense the light projected
from the light source 4 to the incident end face of the
light guide plate 3. The reflector 49 1is preferably
obtained by a metallic plate having a surface of material
specularly reflecting light, for example, a member having a
15 surface coated with silver, aluminum, platinum, nickel, or
chromium, particularly, silver, aluminum, or the like by
vapor deposition or sputtering. The light diffusible
reflecting plate 6 or light diffusible film having light
diffusion properties applied by blending polyester or the
20 like resin with a light diffusible substance such as TiOQ,,
BaSQ, or SiO,, or by foaming polyester or the like resin is
also utilizable.
As described hereinabove, since the front light

unit 15 and the transparent touch panel 14 are combined in

25 one body wvia the transparent resin layer 12, the



14 January 2003 40 the organic substance. Alternatively, a filmhaving a
transparent |ayer 34 of a lower index of refraction than the |ight guide
plate 33 is bonded to the one face of the |ight guide phgtﬁanﬁlafggng:;t he
side of the liquid crystal display 5 with the use of a transparent

sel f-adhesi ve having an index of refraczgon equal to or not larger than
that of the light guide plate and equal to or not smaller than that of the
film thereby constituting the low refraction index |ayer 10 34 to the
interface to the air layer. Specifically, referring to Fig. 19, the |ight
gui de pl atgad3mis tphely | ded wWnphoaedl ansafentsupayet idd abotlre vBe face
thereof confronting the liquid crystal display 5. The transparent |ayer 34

has an i ndexrihateld agidrontHd spahdgirdd@ntébah phnkhe 1l4i @fft tgid dei phate 33
and larger than that of the air layer. The light guide plate 33 is forned

.of acryli eyiRsiis @wl f hehbrapspanentickayer 134 ity viRe Dys Gyl Coadd ng of

fluoric nononers. The surface reflection at the other face of the |ight

gui de pl at 33 g LARUSaGh W dheipresenrce of the interface to the air layer
| eads to a decrease of transmttance. Therefore, the resin layer 34 is

arranmged to effect thgdefliactd onsrgduetizen to eatdent 1ibher aby tr @uUCci ng
refl ectance at the interface and inproving transmttancé. 25 Such a

transparerftrolnaeye:ci%ﬁtca@mﬁ@naapltio@@ht Qand? dRRUIY 2003 Lingagh |iwght

guide plate 3 in the previous enbodinents to obtain the sanme effect.
Accor di ng et tithe Gdikditt ONo£Si PRE t BBediht! aY@iveitasent waonentdonal |y

bet ween the touch panel and
sufficiently illuminate a reflecting type liquid crystal
display without lowering transmittance, with eliminating
10 the following inconvenience.

That 1is, it 1s necessary to illuminate the
reflecting type liquid crystal display from the front side
when in use in an environment where a sufficient quantity
of light is not secured, e.g., 1ndoors or at night, etc.

15 To this, an arrangement is proposed whereby a flat
illumination (front light) is set at a front face of the
reflecting type liquid crystal display, thereby using both
an environment light and the front light (for instance, SID,
95 Digest, page 375, C.Y. Tai, H. 2ou, P.K. Tai). The

20 front light has a light source 104 such as a cold cathode
fluorescent tube or the like set at an end face of a light
guide plate 103 of transparent resin or the like, along
with prisms or the like minute projections and dips 108

formed on a front face of the light guide plate 103

25 (referring to Fig. 13). Light beams taken from an end face



5 light guide body in a device with the touch panel and front I|ight
incorporated therein is elimnated, the |loss of |light due to the reflection

at the interface between the air layer and the | ower f ch
panel and between the air |layer and the upper face of ?ﬁ§J€$%ﬁﬁﬁsﬁgge pl ate

Is 10 prevented, thereby enhancing the 3gansm ttance of the whol e device.
P4or eover, since the | ower el ectrode sheet of the touch panel is equipped
with the light-diffusing function face at the interface to the air |ayer,
the light is emtted efficiently fromthe front light. 15 As descri bed

her ei naboygrti B ft e CONSENt Us PRe Ob bR P able ghegtaonhfa2BPHMMAtWS Which
_has the reflecting type liquid crystal display as a display part, with the

front |ightpandihhecbeuehpanekthoadedsatiet Reediisphay gRate Pm%reeil@:at.he
| ower face of the transparent touch panel and 20 the upper face of the

. light guidgrplgkerpt LhgntroBhnki glat -ak6 cpRRACH Vit el B JllRRIBALANY
sel f-adhesive layer, thé light-diffusing function conventionally provided

at the su e t i g gL pl 1S, aghj ev t o] ce of the
li ght gui ‘329% ol hecH OBk Ok ?Sht@gfr% 7 LV IR e, ir%augl%‘ T stal

Uity 20 RRBSshhe T TN LLBOCET, o Jbior 20D o0k st ok anar ot us

visibility;upenyl »usendndalgiaybhght. Ji2@™h63l] and projected out

from the light guide plate 103, thereby illuminating the
reflecting type liquid crystal display.

In many of the conventional portable electronic

10 apparatuses, a transparent tquch panel 1is disposed at a

front face of a transmission type liquid crystal display to

provide an input function from a liquid crystal display

face. The transparent touch panel includes an upper

electrode sheet 109 having an wupper electrode of a

15 transparent conductive film at a lower face of a film-like

insulating substrate and a lower electrode sheet 111 having

a lower electrode of a transparent conductive film at an

upper face of a sheet-like or film-like insulating

substrate. The upper electrode sheet 109 and lower

20 electrode sheet 111 are arranged to face each other via an

air layer between the electrodes. To press part of a panel

surface from an input face brings both electrodes into

touch and electric connection with each other, thereby

enabling inputs. In a proposal (for example, Japanese

25 Lald-Open Patent Publication No. 61-131314), the touch



5 A pol yethylene terephthalate filmhaving a matt resin incorporated
therein thereby forming a fine pattern of projections and dips or~ a
surface thereof is fixedly held in an injection noldi nq4piliarfZo®3 t he
nold is clanped, a transparent acrylic resin is injected therein. 10 The
.pol yethyl ene terephthalate filmis separiated froma nolded article after
the nold is opened. In this manner, a rectangul ar transparent acryl plate
of a thickness of 1.5nmis obtained as the |ight guide plate. The |ight
guide plate has a light diffusion 15 | ayer where approxi mately 30um fi ne

proj ecti Oﬁﬁn@ﬂd Ué ppoared Of FedHe I egah @il ¥s 8bn ongdeacei fieaeafry Aot her
face of the light guide plate is a mrror face. A cold cathode fluorescent

tube of agdisamaiervoh Msﬁﬂéﬁmdzeaﬂax&neokl%@—@@wgge atsrane: of
| onger 20 sides of the light guide plate reflecting filmhaving a silver

vapor - depggsi-hiae %%33éﬁrtf&y@td?fOﬁré@@n@Oédeﬁa%@QéﬁtﬁbU®@%W@@M dibe is
set as the reflector in the circunference of the col'd cathode fl uorescent

tube not ft%%@ptaqeme toobh g4inde PLad ernkl Aelis R def Lgski NG o d i | m of
white foanmed pol yethyl ene terephthalate 1s attached 14 January 2003 43

via a preg%gl/s%aqe@si'stpmé@ adhesive doyecoatad daprs, taQ: afh el 4,868 0f the

| i ght gui | ate opposite to an incident end face. A glass substrate

having ang, ‘aod(eltréqilwpaﬁe% %:@qu@)tt%%ugtﬂ 8. d iddpiate @ surface thereof is
used as the | ower electrode plate, and a polyethyl ene terephthalate film

having an | TO conduel &d 4Rl eyl f k€ LHEERObah®1U%ed % Udiowpper
el ectrode plate of the transparent t ouch
described constitution cannot be bonded to a reflecting
type liquid crystal display using the front light as an
10 illumination source. Since the minute projections and dips
108 of the light guide plate 103 of the front light are
designed to project part of the light beams taken from an
end face of the light guide plate 103 to the reflecting
type 1liquid crystal display with the wutilization of a
15 reflection at the interface to the air layer, an
elimination of the air layer through the attachment of the
touch panel to a front face of the light guide plate of the
front light disenables the minute projections and dips 108
to project 1light beams to the reflecting type liquid
20 crystal display (referring to Fig. 14).
For solving this inconveniences, the front light
unit of the front light-combined touch panel device
according to the tenth embodiment of the present invention

is constructed as follows.

25 The light guide plate 3 can be such that has no



panel . An upper face of the light guide plate is attached 10 to the | ower
side of the touch panel via a transparent adhesive gel of acrylic resin
having a thickness of 0.2nm as the transparent resin | h t
| i ght - conmbi ned touch panel device constituted as aboveaﬁngggyﬁhi%§$allel
to the liquid 15 crystal panel above thg liquid crystal panel. The |ight
diffusion layer of the light guide plate is arranged at the side opposite
to the liquid crystal panel, and the reflecting plate is placed bel ow t he
liquid crystal panel. The light brought fromthe |ight source into the 20
i ght gui denpltat @ oS RANNG Seal te[sd By the fide,gptt Foem and fipject ed
to the quu?d cr?%fgﬁ pénel, therebggbeiné'prg}ect%%éto the I'iqui éfystal
" panel andiphen il hdm nating  Lhe i aui r h RaneleanThg i 1t l'i ght
passi ng tﬁr ougﬁ the liquid gr ystallgr' a?}gr% ?égtr?elﬁ ectec rla?:’%t heéﬁgjé}érzgf ’gcti ng
_ plate bel gyt hg dd g Ccryst @l pqﬂﬁl ﬂgﬁgﬁ@ &4nJ Y 290344 through
the liquid %rystal | ayer again? an ?iwt er tﬁ?oégh%?ﬁgi]igﬁt§8uéﬁéﬁélate
to be projeciedapubsSide. ch GRELROQNE LONSTAEUL Bon dde; ki gyied oy 2
di spl ay part has sufficient vil_gi bi 1ty b_(r)?% b aOudr Pk e i“gh’%{%%it i s
turngd on,apndewhennkhedd opipli gt Lnd tofsstpened of fan%%@%he lel]g lihe
he anple 1. 10

| ight guide plate is constituted in the sane nanner as

The | owerpehRst tadenPldte andk tdies uppes §+§et tgdeenlat er@f ANe d ransparent
touch panel are both fornmed of a polyethylene terephthalate filmhaving an

| TO condugti ¥gef il Bhat gh@%@e 12¥@ SULHACe3-o AR URRRT, frake Ofaddis dd.aht
guide plate is attached to the |ower side of the 15 transparent touch panel

via a trapspaheBaradhessveihanale of ragiyhintesicRihavifga {hi gkness of
50um as the transparent resin |layer. The |ight guide plate of the front

light uni tehBakhe spBstitut il WOIdes &h30 § 9 BUPPREmENeA £8NSRAN &ffe tOUCh
panel. 20 The liquid crystal display part of "the obtained front

St sorbiandskeuch, bl dpinch Shola S bhcheny ity be taber e
Since a sgppaktifEdOdy aaner abi¥rr QWIS dd sHepertiithe e, at an
interface between the lower electrode and the air layer.
The light beams are sent to an end face opposite to the
incident end face of the light guide plate 3 while
15 repeating the total reflection at the interface and a total
reflection at a rear face of the light guide plate 3. In
the meantime, a part of the light beams entering the
transparent touch panel 14 is reflected not totally at the
interface between the 1lower electrode formed on the
20 insulating substrate of the lower electrode sheet 11 and
the air 1layer, because the insulating substrate of the
lower electrode sheet 11 1is provided with the minute
projections and dips 58 at the wupper face, and the

interface between the lower electrode and the air layer is

25 shaped in minute projections and dips accordingly. A part



25 transparent touch panel of the filmtype is elimnated 14 January 2003
45 because the |ight guide plate of the front light unit works as the
supporting body, the constitution is sinplified. MNoreovgesjagua§2egd on in
parts count contributes to inprovenent in transmttance. S The present
invention is constituted as di scussed hggei nabove and accordi ngly operates
as follows. In the front |ight-conbined touch panel device according to the
present invention, on the reflecting plate are sequentially |ayered the
reflecting type liquid crystal 10 display, the front light unit including
the transpdr efhe0. BightOMbelaiscK iki ghé roetded pliaisted iien | ght Sogree set
at the end face of the |light guide plate, and the transparent touch panel.

The front whieghbwntlie i Heaaducete i Rashi ckaepsogrdtt hes ethee HOEBe dOing
increase a size or 15 weight of a portable electronic apparatus, thus not

det eri or atty@ PDIdwid | i:i:YSQEltIﬁsm.ratﬁbkﬁeﬁéﬂﬁlﬂiﬁnit@) apigy atgs. Simee the
| i ght source is accommbdated in a main body of the portable electronic

appar at us thiute- donghtli tsadice fBofevern ilgagk oamheidect t@ich 20 phae1f rong | i ght
unit is set in a state while overlapped with the reflecting type'liquid

crystsal  dissipedposEre o AMe ldedhitedtilirdg 1Sy corglingl or pswd ecd eshf4ens a break

during use. A storing nmechanismfor storing the front light unit when not
used is ehlndraiyedch@b Altikaitghd heypeesenfuidverysenihasi Seeny ful lys 14

January 2003 46 r described in connection with the preferred enbodi ments
t her eof wiitih ungfrerenrc & ¥ itdieracgpnpanyi ng drawi ngs, it is

The dent part of the minute projections and dips
58 can be constructed by many minute dips formed at the
10 entire upper face of the insulating substrate of the lower
electrode sheet 11. The minute dips are formed in an
optional shape enabling the .light beams to be reflected
with the angle easy for the light beams to project to the
reflecting type liquid crystal display, for example, in a
15 recessed conical or mortar shape, etc. The minute dips are
obtained by processing a surface of the insulating
substrate with heat and pressure by concave and convex
rolls when or after the insulating substrate is molded, or
by forming a shape corresponding to the minute dips to a
20 cavity face defined by a mold inner wall or shaping sheet
thereby transferring the shape when the insulating
substrate is a resin plate molded in a mold, or the like
manner. The dips are preferably of a diameter of 5-40um to
exert sufficient light transmission efficiency when the

25 touch panel is used with the external light and to prevent



to be noted that various changes and nodifications are apparent to those
skilled in the art. Such changes and 5 nodifications are to be understood
as included within the scope of the present invention 33 ﬁkﬁgqobﬁ t he
appended cl ai ns unl ess they depart therefrom 14 January 200 47 CLAI M5
L. Afront |ight conbined touch panel dgvice conprising: a reflecting type
ligtud crystal display (5); a front light unit (I'S) including a transparent
light guide plate (3) and a 5 light source (4) set at an end face of the
light guide plate; and a transparent touch panel ( 14), which are

sequenti ali Yeh@velisd OF avI@iﬂ;?Eith ¥ ak8e(6) 1 o@D 18, ddght grghggyg't ate

(3) has a m nute polygonal or circular dot gradation pattern

| east at face thereof of a dot size of 200~Cmor snaller and an area
ratio of GO%or smaller with the use of an ink having, as a nost
ingredient, a transpasent of seghtrqggpagggl resip d of 10
refraction than the Ilghta que plgte \ rgat ght t%% tgﬁch

panel deviee eeendinodo (il muly t“{]geﬁwetﬁe 'd 90  94iy d%eo' %sm has

t he dot gradation pattern or med Use of an I nk haV|n -as nost

i ngreedi enty, 4 trﬂaglrlagwar «%gttl%r Osfe dﬁ Sﬁfgé]&gnt % Si N cg al hi ggﬁ nd x of

refraction elig AclUd I'ng 20 Fu5|ble

HEE D ceanoineg R SR 6L 28 i
T bR A vl AR
light source 4. Thus, the projection of light from the
minute projections and dips 58 is controlled to balance,
10 achieving uniform illumination to the reflecting type
liquid crystal display 5.

The film-like 1insulating substrate having the
minute projections and dips 58 can be provided with many
minute projections by incorporating transparent fine beads

15 before molding the film-like insulating substrate. The
beads are formed of a material similar to that of the
insulating substrate or a resin of a small difference in
index of refraction to the insulating substrate in order to
maintain a level of transmittance of the insulating

20 substrate itself. The beads present on the film surface
may be coated completely with a resin constituting the film
or may be partly exposed. A diameter of the beads 1is
preferably 5-40um to secure sufficient light transmission

efficiency in use with the external light and not to worsen

25 visibility of the liquid crystal display part 7.



4. A front |i'ht-conbined touch panel device according to any one of C ains
1 ~3, wherein the li;ht guide plate (3) has a phtrality of prisns fornmed at
|l east at one face thereof at the side of the reflectinggyffudriyRoosd crystal
display with a pitch of 30-SO0O-Cm and a breadth of 30-10OUpmin~parallel to
an incident end face thereof: 25 A froms |ight-conbined transparent touch
panel device according to any one of Clains 1-4, wherein the transparent
touch panel conprises: an upper el ectrode sh~ct having an upper el ectrode
formed on a lower face of a filmlike insulating substrate; and a | ower

el ectrode sheet haviig dowestiedrect bddether meichutie apribgererdnaceanll a
plate-like or 30 filmlike insulating substrate with m nute projections and

di ps arrafed 98 tha BRPEormaer iheseebhti BywWHEh ithe APPSFigt ec4r gde sheet
and the | ower el ectrode sheet are arranged ?ghj 14&?§nuaB§f2003 §4s face

each ot heyn viAkaAnailhdiayer: etanendhencheet r sdesgs . andnhesids t hgel i ght
gui de plate bonded to a rear face of the transparent touch panel via a

transpar e r€8i Bl ayematnd d1hest hangparent thauchs pangle amﬁlshhgtiﬁent

light unit are conbined in one body. 5 6. A front |ight-conbine

transpar eflib$ OHge PaReh @I@yi@eoa%@aggngpé@iﬁgahnsﬁalmhéigk@r@nésn&npart of
the mnute projections and dips iS constituted of many m nute dips on the

entire uppedetace ok rifaetingulad i fige substiiatenglQubsthalleonto | kght - gonbi ned
transparent touch panel device according to Caim6, wherein an axea ratio

of the 'mdapde deperdnshanesdcanayr fuiam 10e.1dgMg sourserhse! gEgeiflhan an
area ratio of the mnute dips in a vicinity of the |ight source.
The beads on the coat surface can be coated totally with
the coat or exposed partly from the coat. The bead 1is
10 preferably 5-40pum in diameter to attain sufficient light
transmission performance in use with the external light and
avoid deterioration of visibility of the 1liquid display
part 7.
The coat of the ink including transparent beads
15 is preferably formed in a dot gradation pattern having a
larger area ratio at points away from the light source 4
than in the vicinity of the light source 4. A size, a
pitch of dots is changed in accordance with a distance from
the light source 4 so as to change the area ratio of the
20 coat. Light projection at the minute projections and dips
58 1s thus controlled to balance, so that the reflecting
type liquid crystal display 5 is illuminated uniformly.
Gravure printing, screen printing, or the 1like printing

method can be used to form the gradation pattern. A shape

25 of the dots is not particularly limited and any shape such



$. Afront |ight-conbined transparent touch panel device according to any
one of | S dains 5-7) wherein the filmlike insulating substrate wth the

m nute projections and di ps has many m nute projections
transparent mnute beads incorporated in resin to be nv?%géﬁﬁggfg9%3the

filin-like insulating substrate is noldgg. 9. A front |ight-conbined
transparent touch panel device according to any one of 20 Cains 5-7,
wherein the projections of the mnute projections and dips are forned in a
coat by eoatinb or printing of an ink including transparent m nute beads.

10. A frogt hi ght=genbianed 1t/@rspaient ﬂgmga5ﬁ%gyﬂe.device according to
- Caim9, wherein the coat is fornmed in a dot gradation pattern having a

larger area ratio airna i te Py d¥ay dhoSaihent] 9BE sauree thandn g,
vicinity of the light sorcc. 11. R front |1 ?ht-conbined touch panel device

accordi ngtha anygiene Jdididspl 3 10, el ppt hes | bghls gykde teag0

@g{ising
a hat face at a side of the touch panel; and at a side of the |iqui

crystal digphaye aié'%%o%.'&i%&i( 33890 hayipg ﬁa;ﬁ%% gé%)cq}] ir?]%Sif‘l%e%f tjpe

liquid 30 crystal display and an inclined pa avi an 1 nclined

facesat a,gi-dg1h the ﬁﬂ&uggh%FY%Bék %ESR#ﬁy’sﬁﬁg Ekg?keeq%ﬁﬂﬁp%f%ggflzg

side face of the |ight qui ate Is reflected on 4 January

the flat fage Qﬁc&@ﬁeﬁ|QbaE%%t’35E5i9§v?$%égﬁ¥fﬁgfi 9%%

de-plate, t he
light is projected outside fromthe 1nc ace ot the ?ncglne pa?t. 12.

Qnglr Ce)nt |'i ght i eeebirped Houeh fHangl- devics ageordinh fo L amdl, wherein an
thereof at the side of the liquid crystal display 5. The
incident face of the 1light guide plate 33 is at right

10 angles to the other face. The light beams entering from
the side end face are totally reflected at the other face
confronting the touch panel of the light guide plate 33 and
at the flat parts 33a parallel to the other face on the one
face at the side of the liquid crystal display 5 of the

15 light guide plate 33, and projected out only from the
inclined parts 33b, thereby illuminating the liquid crystal
display 5. The light illuminated on the liquid crystal
display 5 1is reflected at the reflecting face under the
liquid crystal through the 1liquid crystal, passing the

20 light guide plate 33 and the touch panel again, to be
projected outside. Accordingly, the liquid crystal display
of a device using the reflecting type liquid crystal panel
can be recognized even in an environment without a

sufficient quantity of light.

25 Figs. 17 and 18 indicate examples of the flat



~ defined between the end fact where the |light source of the |ight guide
plate is disposed and a face of the light guide plate at the side of the
touch panel is sS-92 , and an angle defined between t hq4fJaqltqu?%ogf t he
flat part and the inclined Face of the inclined part adjacent to the flat
part in an opposite direction to an ingi’dent face of the light guide plate
on the face at the side of the liquid crystal display is not snmaller than

t he above angle and snaller than 1Q 180. 13. A front |ight-conbined touch
panel device according to any of Clains I-12, further conprising a

transpar ggdritsay®ia (Bhalbfe b tsoratherotinedexfater efid aché ohnt hanet hpakkght

guide plate is forned at the fact of the light guide plate at the side of
the |iquidBeriyrsdadnead sy ayhe 15tHdr Pads ot thghtneonbiaedrt ohehl pgnel

devi ce according to any one Clains 1-13, wherein the light guide plate has
a 0.3-2. Qmiddipkaess33 at the side of the liquid crystal panel of
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20 disposed and a face of the light guide plate 33 at the side

of the toucnh panel is 88-92°, and an angle defined between

the flat face of the flat part 33a and the inclined face of

the inclined part 33b adjacent to the flat part 33a in an

opposite direction to an incident face of the light guide

25 plate 33 on the face at the side of the liquid crystal
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display 5 is not smaller than the above angle and smaller
than 180°.

In molding or cutting the light guide plate 33,
however, an angle of the incident face to the other face at

5 the side of the touch panel is not always correctly 90°
because of process accuracy. The angle accuracy 1s within
+2° in the molding or cutting technique at present. With
the angle taken into account, an angle of incidence of
light to the side face as the incident face is required to

10 be not larger than 44° so as to totally reflect the light
entering from the incident face at the other face
confronting the touch panel of the light guide plate 33 and
the flat parts 33a at the one face of the light guide plate
33 at the side of the liquid crystal panel. The index of

15 refraction of the light guide plate 33 at this time is not
smaller than 1.44.

In order to project the incident light from the
inclined parts 33b, an angle o of the flat part 33a having
the faces parallel to the other face confronting the touch

20 panel which is located on the other face of the light guide
plate 33 confronting the liquid crystal display 5 to the
inclined part 33b adjacent to the above flat part 33a in an
opposite direction to the incident face is required to be
90-180°, When the angle is 90°, the inclined part 33b

25 becomes parallel toc the side face as the incident face.
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Although a distance between the flat part 33a and
inclined part 33b continuous at the one face of the light
guide plate 33 at the side of the liquid crystal display 5
is made uniform, the distance can be changed to even the

5 emission in accordance with a position of the light source
4.

As one modification of the eleventh embodiment, a
reflection reduction treatment to the one face of the light
guide plate 33 at the side of the liquid crystal display 5

10 improves transmittance of the whole of the front 1light-
combined touch panel device.

In a way of the reflection reduction treatment, a
transparent layer 34 of a lower index of refraction than
the light guide plate 33 1is formed at the one face of the

15 light guide plate 33 at the side of the liquid crystal
display, for example, by directly processing and forming a
film of a substance of low index of refraction to the resin
surface of the light guide plate 33. When an inorganic
substance such as MgF, (index of refraction of 1.38) or the

20 like metal fluoride, S5i0, (index of refraction of 1.46) or
the like metallic oxide is used, vacuum vapor deposition,
etc. can be used. When an organic substance 1s used,
fluoric monomers are plasma-polymerized, thereby forming
the transparent layer 34 of a film to the resin surface.

25 Dip coating or the like method may be employed as well for
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the organic substance.

Alternatively, a film having a transparent layer
34 of a lower index of refraction than the light guide
plate 33 is bonded to the one face of the light guide p;ate

5 33 at the side of the liquid crystal display 5 with the use
of a transparent self~adhesive having an 1index of
refraction equal to or not larger than that of the light
guide plate and equal to or not smaller than that of the
film, thereby constituting the low refraction index layer

10 34 to the interface to the air layer.

Specifically, referring to Fig. 19, the 1light
guide plate 33 is provided with a transparent layer 34 at
the one face thereof confronting the liquid crystal display
5. The transparent layer 34 has an index of refraction

15 smaller than that of the light guide plate 33 and larger
than that of the air layer. The light guide plate 33 is
formed o©of acrylic resin, and the transparent layer 34 is
formed by dip coating of fluoric monomers. The surface
reflection at the other face of the light guide plate 33

20 caused by the presence of the interface to the air layer
leads to a decrease of transmittance. Therefore, the resin
layer 34 1is arranged to effect the reflection reduction
treatment, thereby reducing reflectance at the interface
and improving transmittance.

25 Such a transparent layer 34 can be applied to
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each light guide plate 3 in the previous embodiments to
obtain the same effect.

According to the constitution, since the air
layer present conventionally between the touch panel and
light guide body in a device with the touch panel and front
light incorporated therein is eliminated, the loss of light
due to the reflection at the interface between the air
layer and the lower face of the touch panel and between the
alr layer and the upper face of the light guide plate 1is
prevented, thereby enhancing the transmittance of the whole
device. Moreover, since the lower electrode sheet of the
touch panel is equipped with the light-diffusing function
face at the interface to the air layer, the light is
emitted efficiently from the front light.

As described hereinabove, in the constitution of
the portable electronic apparatus which has the reflecting
type liquid crystal display as a display part, with the
front light and the touch panel loaded at the display part,
wherein the lower face of the transparent touch panel and
the upper face of the light guide plate of the front light
are bonded via the transparent self-adhesive layer, the
light-diffusing function conventionally provided at the
surface of the light guide plate is achieved at the one
face of the light guide plate of the front light at the

side of the liquid crystal unit, so that the transmittance



L # 0% & ()-! nbd0% /& ()-#HASQUABREE 2?44 1 10/ 110% & ()- !3%A0% /& ()-
F#10% & ()-! Yy3%40% /& ()-Z ° 10% & ()- 10% & ()- &8&&&'L''' mN S#10%

U& ()- S, $10% U& ()- 10% U& ()- 10% U& ()- 3 10% 14 January 2003
- 42
of the whole apparatus is improved. The front 1light

efficiently projects light without losing wvisibility when
in use under daylight.
[Example 1]

5 A polyethylene terephthalate film having a matt
resin incorporated therein thereby forming a fine pattern
of projections and dips on a surface thereof is fixedly
held in an injection molding mold. After the mold is
clamped, a transparent acrylic resin is injected therein.

10 The polyethylene terephthalate film is separated from a
molded article after the mold is opened.

In this manner, a rectangular transparent acryl
plate of a thickness of 1.5mm is obtained as the light
guide plate. The light guide plate has a light diffusion

15 layer where approximately 30um fine projections and dips
are formed irregularly at one face thereof. Another face
of the light guide plate is a mirror face.

A cold cathode fluorescent tube of a diameter of
2mm is arranged as a line light source at one of longer

20 sides of the light guide plate. A reflecting film having a
silver vapor-deposition face at the side of the cold
cathode fluorescent tube is set as the reflector in the
circumference of the cold cathode fluorescent tube not
faced to the light guide plate. Moreover, a reflecting

25 film of white foamed polyethylene terephthalate is attached
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via a pressure sensitive adhesive double-coated tape to an
end face of the light guide plate opposite to an incident
end face.

A glass substrate having an ITO (Indium Tin
Oxide) conductive film at a surface thereof is used as the
lower electrode plate, and a polyethylene terephthalate
film having an ITO conductive film at a surface thereof is
used as the upper electrode plate of the transparent touch
panel. An upper face of the light guide plate is attached
to the lower side of the touch panel via a transparent
adhesive gel of acrylic resin having a thickness of 0.2mm
as the transparent resin lavyer.

The front light-combined touch panel device
constituted as above 1s set in parallel to the 1liquid
crystal panel above the liquid crystal panel. The light
diffusion layer of the light guide plate is arranged at the
side opposite to the 1liquid crystal panel, and the
reflecting plate is placed below the liquid crystal panel.

The light brought from the light source into the
light guide plate is partly scattered by the fine matt form
and projected to the liquid crystal panel, thereby being
projected to the liquid crystal panel and then illuminating
the liquid crystal panel. The illuminated light passing
through the 1liquid crystal layer 1is reflected at the

reflecting plate below the 1liquid crystal panel, passes
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15 weight of a portable electronic apparatus, thus not
deteriorating portability of the portable electronic
apparatus. Since the light source is accommodated in a
main body of the portable electronic apparatus, the light
source 1s never lack of protection.

20 The front light unit is set in a state while
overlapped with the reflecting type liquid crystal display.
The front light unit is accordingly protected from a break
during use. A storing mechanism for storing the front
light unit when not used is eliminated.

25 Although the present 1invention has been fully
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5 modifications are to be understood as included within the

scope of the present invention as defined by the appended

claims unless they depart therefrom.
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. A front light-combined touch panel device according to one of Claims 1 and 2
wherein the light guide plate (3) is constituted of a transparent or semitransparent resin
layer of a higher index of refraction than the light guide plate at least at one face thereof,

20
4, A front light-combined touch panel device according to any one of Claims 1-3,
wherein the light guide plate (3) has a plurality of prisms formed at lcast at one face
thereof at the side of the reflecting type liquid crystal display with a pitch of 30-500pm and
a breadth of 30-100pm in parallel to an incident end lace thereof.

5. A front light-combined transparent touch pancl device according to any onc of
Claims 1-4, wherein the transparent touch pancl compriscs: an uppcr clectrode shect
having an upper electrode formed on a lower face of a film-like insulating substrate; and a
lower electrode sheet having a lower electrode formed on an upper face of a plate-like or

30 film-like insulating substrate with minute projections and dips arranged on the upper face

thereof, in which the upper electrode sheet and the lower electrode sheet are arranged to
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combined in onc body.

5
6. A front light-combined transparent touch pancl device according to Claim 5,
whercin a dent part of the minute projections and dips is constituted of many minute dips
on the entire upper face of the insulating substrate.

10 7. A front light-combined transparent touch panel device according to Claim 6,

wherein an area ratio of the'minute dips distanced away from the light source is larger than

an area ratio of the minute dips in a vicinity of the light source,

8. A front light-combined transparent touch panel device according to any one of

15 Claims 5-7, wherein the film-like insulating substrate with the minute projections and dips
has many minute projections formed by transparent minute beads incorporated in resin to
te molded, before the film-like insulating substrate is molded.

9. A front light-combined transparent touch panel device according to any onc of
20 Claims 5-7, wherein the projections of the minute projections and dips are formed in a coat

by coating or printing of an ink including transparent minute beads.

10. A front light-combined transparcnt touch panel device according to Claim 9,
wherein the coat is formed in a dot gradation pattern having a larger area ratio at a part

25 away from the light source than in a vicinity of the light source.

11. A front light-combined touch panel device according to any one Claims 1-10,
wherein the light guide plate comprising: a flat facc at a side of the touch panel; and at a
side of the liquid crystal display, a flat part (33a) having a flat face at a sidc of the liquid
30 crystal display and an inclined part (33b) having an inclined face at a side of the Jiquid

crystal display, and light entering from a side face of the light guide platc is reflected on
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the flat face of the flat part, inside of the light guide plate, and the light is projected outside

from the inclined face of the inclined part.

12. A front light-combined touch panel device according to Claim 11, wherein an angle
defined between the end face where the light source of the light guide plate is disposed and
a facc of the light guide plate at the side of the touch panel is 88-92°, and an angle defined

n

betwcen the flat face of the flat part and the inclined face of the inclined part adjacent to
the flat part in an opposite direction to an incident face of the light guide platc on the face
at the side of the liquid crystal display is not smaller than the above angle and smaller than

10 180°.

13. A front light-combined touch panel device according to any of Claims 1-.12, further
comprising a transparent layer (34) of a smaller index of rcfraction than the light guide
plate is formed at the facc of the light guide plate at the side of the liquid crystal display.

15 ' '
14. A front light-combined touch panel device according to any one Claims 1-13,

wherein the light guide plate has a 0.3-2.0mm thickness.



