428-1 SR : _
PTUSS XR 440174155 ' B
CpE o T WEIERERE Oated ratellt [19] iy 4,017,
‘Yagi et al. ' - j45] Apr.’ 12,1
54] LI
1541 _QU]D CRYSTAL DISP'LAY, DEVICE L OTHER PUBLICATIONS :
[75] Inventors: Kenjiro Yagi, Tokyo; Yuji Koike, : 'Bush “L i ice.” .
. iquid Crystal Display Devnce IBM
o Matsudo; Hirotomo Hirai, Tokyo,all  Discl. Bull,, vol. 14, No. 1, p. 223, June 1971.
of Japan Young, “Combination Reflective/T: ransmissive L
. Crystal Display,” IBM Teciy. Discl. Bull., vol IS p
73} Awgnee }:::‘shlki Ifansha Daini Sdkosln, pp. 2435-2436, Jan. 1973. _
4 A Primary Examiner—John K. Corbin
Sk . [22] Filed: - Sept. 6, 19'74 .~ Assistant Examiner—Matthew W, Koren
R . —] E
21 Appl No.: 503,610 i _._:tm;yt;‘qgmn; oLan Roben E. Bu@ mn'u
130 Foreign Application Priority Data R £.7/ IR ABSTRACT
Sept. 7, 1973 Japan ..oeociemrnnn. 43100898 A Bquid crystal display device includes a dxsp!ay I
- Sept. 21, 1973 Japan 48-110675[U} comprised of upper and lower transparent plates
Sept. 21, 1973 Japan 48-110676{U}  ing a liquid crystal material sandwiched therebetw
A reflecting plate having a roughened upper surfa
[52] us.Qn ... 350/160 LC; 40/130 K; disposed beneath the !ower transparent plate witl
o ' : 240/1 EL  roughened surface facing the lower transparent p
-[51] Iat. CL GO2F 1/13 A light source is located alongside one side edge o
(58] Field of Search ........... 350/160 LC; 40/130 K; reflecting plate and coacts with a light-reflecting |
: 240/1 EL,2 AT which encases the display panel, light source an
. : flecting plate to direct the light emitted from the
(561 References Cited source throughout all portions of the display pane!
UNITED STATES PATENTS locating the light source along the side of the refle
: R late and by employing the light reflecting hood,
2,247,969  7/1941  Stewart ....ooiureens 40/130K X~ P y ying 8 8
2:831,453  4/1958 Hardesty ..... 40130k X  Tesuliant Liquid crystal display device may be n
©3262,224  7/1966 HAardesty ..o 40130k very thin and therefore suitable for use in 1
© . 3,328,570 6/19€7 Balchunas .. e 24071 EL X watches. ) .
+ 3,653,138 4/1972 Cooper ..occenennene - 350/160 LCUX - . SoEd
3,881,809 5/1975 7 Claims, 6 Drawing F!gnu

Fergason et al. ............ 350/160 LC

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

I US Patent' Apnl 12 1977 Sheetlon 4,017,155

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

 US.Patent mmmum

DOCKET

_ ARM

AT s

1
,'\': /; B .
) - SR R
‘. 7 |llll, \\; iy ¥ -‘)‘
b u‘———"_“__ug——‘,—..___—.-&::

k g-a,r.“ Jl\..’f\_ /7

/fc /fa /50"

| -_'..__._...l

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

o ) : 4 017 155 :
- _ l Lo : 2
. S HFG. 4|sap!anvzewofmotherembod|memofth
LIQUID CRYSI'AL D!SPLAY DEVICE invention inccrporating a lisht-distributing device, an

shows lizkt distribution at the same time,
e BACKGROUND OF THE INVENTION . FIG. S'i a perspective plan view showing a hght-du
s Ths invention relates to a liquid cryseal dssp!ay de- 5 tributing device,
- ‘vtccincorpomnngmeremanllmmmanmlamp FIG. 6 shows cutting angle of the cut out portiol
A liquid crysml dizplay device issuitable foruseasa  which is made on the light-distributing device.
m‘;n‘ffvc':: x wemb' md“mm'm " DETAILED DESCRIPTION OF THE INVENTION
_ | sumption is comparatively low. However, since fiquid 10 In FIG. 1, transparent glass plates 1 and 2 are dis
. .- crystal material-does not itself emit light, the display  posed in paraliel with an intervening spacer 3 therebe
“.i- 7. - can not be seen very well at a dark place. The display tween, and nematic-phase liquid crystal material 4 witl
“ 7. can be read out by reflecting light provided by an out- a positive dielectric ani sotropy is filled in this space. /
side light source. - transparent electrode (not shown) is formed on th
. In order to read out the display at a dark place, par- 15 surface of said glass plates 1 and 2 where thcycontac
- ‘ticularly at night, a light source must be incorporated with said liquid crysral material 4.
into the display device. A polarizer § is disposed on the glass p!ate 1and:
Therearetwotypesohllummauonmeansforiﬂmm- crossed analyzer 6 is disposed under the glass plate 2
nating the liquid crystal material, the light transmission Moreover, a transparent relecting plate 7 made of i
type and light refiecting type. In the display device of 20 material having a high refractive index is disposex
the former, the light source is located at the back  under the analyzer 6. At the bottom of the reflectin;
thereof so that light is transmitted directly through the plate 7, metallic film 7b such as silver or aluminun
liquid crystal material, on the other hand, in the display which reflects light is coated by vacuum evaporauo'l
device of the light reflecting type, the light source is and a roughened surface 7a which scatters light is lo
located at the front thereof and reflected back into the 25 cated at the top of the plate 7 by fluid horning or chem
liquid crystal material. However, the construction of  ical etching.
these display devices has the defect of increasing the Asourceofillummnoncompnsmgalampslsdm
overall thickness of the device thereby making them  posed at the side of the display panel and beneath the
_ less suitable for use in small wrist watches. ] glass plate 1 as shown in FIG. 1. A focusing hood 9 i
B : 30 disposed behind the lamp 8 to heighten the illumiratior
SUMMARY OF THE INVENTION effect by reflecting and redirccting the light toward:
According to this invention, a liquid crystal display  the glass plate 2. It is made of a thin plate such as Be-Ct
device suitable for use in a wrist watch has a display ailoy or phosphor bronze and has a parabolic surfact
i which can be read out in a dark place and includes a  with the lamp 8 being positioned at the focal poin
: lampdxspocedntbendeofﬂ\eduphypenelasop-ssthereof The hood 9 is treated with heat to impar
: posed to the front or back. thereto elastmty, after whaich it is plated with nickel o1
- lilumination efficiency is heightened by employing a silver to give it a good reflecting surface for light. Lam;
focusing hood which covers the lamp with the lamp 8 is positioned and fixed at the appropriate place in the
being positioned at the focal point of the hood and hood9andleadm8aand86extendthmughahok
bemgconnectedwleadwuesextendmgthmnghabole 40 9a in the hood 9.
in the hood. ) The dispiay panel has side reflecting plates 10, 11, 11
"~ Itis easier to read the display according to the inven- anddbottomreﬁecungp!atemallofwhxchmplated
tion at a dark place because it includes a light-distribut- like the hood 9. In the ‘embodiment shown in FIG. 2
ing device which distributes light all over the display  they are all constructed from one sheet of thin meta
panel. 45 plate, but they can also be constructed as separate
Therefore the primary object of this invention is to parts. Each side reflecting plate 10, 11, 12 has a projec
provide a liquid crystal display device having illumina- ~ tion 10q, 11a, 12a respectively, which is bent over &
tion means built therein without increasing the thick-  shown in the drawings 5o as to receive and hold a liquic
ness of the device. crystal display panel. The overall liquid crystal display
Another object of the invention is to heighten the 50 device constructed in this fashion is shown in FIG. 3.
efficiency of the illumination means incorporating a When the lamp 8 is turned on, the light therefrom
hood which covers a lamp and a reflecting  enters into the display panel from the side of the glasi
" plate built into the display device. - plate 2 and the reflecting plate 7. Since the lamp 8 i
A still further object of the invention is to obtain  located at the focus of the hood 9, almost every inci
* uniform illuminztion all over the display panel incorpo- 55 dent light beam is parallel to the glass plate 2.
rating a light-distributing device into the display device. Incident light entering the side of the reflecting plate
The foregoing objects and other objects asweilasthe 7 is reflected by metallic film 7b, by each side reflecting
characteristic features of the invention will become  plate 10, 11, 12 and by the bottom reflecting plate 13
] more apparent and more readily understandable by the  This reflected light is scattered by the roughened sur.
following description and the appended claims when 60 face 7a. Scattered light may reach an observer via th
i read in conjunction with the accompanying drawings. ul?wmrﬂﬂ‘l’:egmplate:,hqmdcrys%l:.ﬁ\e‘m
P! 1 and polarizer § together with direct li
BRIEF DESCRIPTION OF THE DRAWING from the glass plate 2. This causes the display panel t
FIG. 1 is & cross-sectional view of a fiquid crystal become brighter so that the display can be seen at ¢

et v wand mmd L ]

displav device according to the invention, 65 dark place.
FIG. 1 is a perspective view of & reflecting device, If desired, either the bottom reflecting plate 13 or the
FIG. 3 is a plan view of the displry device shown in reflecting mirror surface 75 may be climinated withou

FIG l, . o N much of a loss in the illumination effect. S

DOCKET )
A

- Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

piés oy

VLT

PSRRI SIS0 i it

T
BTN

3

AR R e A

3
l'-'!G CBaplmmdmngmtbarmbodmmof

" the invention -which incorporates light-distributing

means at the bottom of the dispiay panel toimprove the
light distribution. The rest of the parts are similar to

: thoseofmeabovemennoneddxsplaydewce

The light-distributing means comprises devices 14
and 18 disposed at both sides of a lamp 8 although the
device lSmaybeehmmntedasthecmmaybe They
are made of material having the properties of :high
transmission for light and good workability such as
Acril resin.. .. -

4,017,155

4
ing: a display panel! comprised of upper and lower
transparent plates having liquid crystal material sand-
wiched therebetween; a reflecting plate disposed be-
neath said lower transparent plate and having a rough-
ened upper surfzce facing said lower transparent plate;
an encrgizeable light source exsposed laterally adjacent
one side edge of said reﬁectmgplaw and posmoned to
direct light when said light source is energized through
said reflecting piate; and Tight-distributing means sub-

10 stantially encasing said display pancl reflecting plate

The device 14 hasa plurahty of cut out pomons 14a :

"= 14d which are aligned with one another, and one end

portion 14e may be cut as shown in FIG. 5. The device
18 is also made like the device 14.
"'hccmss-secnonofeachcutoanpomomsVshaped
as shown in FIG. 6. The cutting angle @ is determined
by the particular material whichisusedforthgdevica
14 and 15. For example, in the case of Acril resin, the

critical light refraction angle from the msade to the 20
outside of the device is-about 42°,

Therefore assuming that incident hgilt i‘rom the lamp
8 to the device 14 is parallel to the longitudinal axis of
the device 14 and suppose that said cutting angle 0 is

face will be wholly reflected as depicted by the sohd
arrows in FIG. 4. Then it is practical to determine, in
case of Acril resin, that the cutting angle 6 is about 45°.

All of the reflecting surfaces of the devices 14 and 15

- more than 42°, incident light striking the incident sur- 25

and light source except for said upper {ransparent plate
and forming therewith a thin and compact liquid crystal
display device for effectively distributing the light emit-
ted by said light source into said reflecting plate and
throughout szid display panel, said light-distributing
means including means located alongs&de said light
source and extending along said one side edge of said
reflecting plate for reflecting Jight at discrete points
therealong into said reflecting plate.

2. A liquid grystal disnlay device according to claim

) 1; wherein said light-distributing means includes a fo-

cussing kood having bottom and side walls, the inner
surfaces of said bottom and side walls being coated
with a light-reflecting 'natenal and the side wall portion
adjacent said light source being curved to reflect light
emitted by said light source towardssald one side edge
of said reflecting plate. .

3. A liquid crystal display demee aceotdmg to c!ann
2; wherein lhecurveds:dewaﬂpomomscurvedmthe

must be polished and have a mirrorlike finish. Other- 30 shape of a parabolic reflector having 2 given focal

wise, if they had roughened surfaces, the incider:t light
would be scattered and the illumination effect would be
reduced by half. .

Attheotherendofthedewmldandwarepm-

point; and wherein said light source is positioned at said
focal point so that light refiected by said parabolic
reflector enters said reflecting plate lubsunnally paral-

le! to the major axis thereof. . -

vided stoppers 16 and 17 made of polished metal re- 35 4.Ahqmdc:ysmdsphydev:éemdmgwchn

spectively. They are provided for reflecting the light

agaxnwhschpmthroughﬂntupecuvedemu

and18.. . - .-
TbecutoutpomonsareVshapedmthucmbodx

3; wherein said curved side wall portion has an opening
therein; and said light source includes a set of lead
wires extending through said opening.

S, A liquid crystal display device according to claim

ment, however, the invention is not limited to a V 40 2. wherein said light-distributing means includes a coat-

shape. They may be replaced alternatively by other

shapes such as circular shape or curved shape.
threfem:gmntoﬂﬁ.‘,whenuwlamplu

ing of light-reflecting material on the lower surface of -
said reflecting plate.
6. A liquid crystal display device aeeordm; to claim

turned on, the light is distributed as represented the  2; further including a polarizer and a crossed analyzer

distribution from the lzamp 8, and the doited linesB-G

‘dotted lines A — G. The dotted line A shows direct light 45 spmapmfmommhcrandhamgmﬁmched

therebetween in superposed relationship =2id display

ﬂlovtheteﬂcctedhe,htdmbnuonwnedbythem panel.

out portions of the devices 14 and 1S. - :
As may be scen in FIG. 4, the liquid srystal display

7. Ab‘qundctystaldrsplaydeweemdmgtochnl
1; wherein said means for reflecting light at discrete

R T e e e TR

mnmmmmmmmm«-mmmmmmgmwmdmnmmm
fechvelydmbutehghttollmosteveqamofme an elongated body compesed of a material which is.

- display panel. lllumination efficiency is superior to that transmissive to light and having at spaced locations

of a conventional display device without using such a
device.

therenlongcut—outsonmeadeofu.delongawdhody
te said one side edge of said reflecting plate, said

While fctndunbodxmeutsoﬁhe mvenuonhave $S cut-outs havir.g a cutting angle greater than the critical

beenshownmdde.cn’bednwﬂlbeundentoodm
mymodxﬁum:ndchangaanbemademm
the true spirit and scope of the invention. .

We claim:

light tefractx-n angle for that material so that light
interiorly of and longitudinally along said

clongated body and striking the cut-out surfaces will be

reflected back through said elongated body toward said

l.AhqmdcqmldnphydevwemHythmmdmmeudeedgeofmdnﬂecmgpm.

compact for use in wrist watches and the like compris-
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