REARVI EWW RROR This invention relates to rearviewmrrors for 5 '
vehicles, and nore particularly to a rearview m.rror to absorb the ‘i nci dent
light by using a liquid crystal of negative dielectric anistropy mxed with

a blue dye by 2% 10 When vehi cl es are driven at night; th@rdnlmeﬁg
are dazzled by the light beans reflected . into the sight fromthe heaty ¢
of followi ng vehicles by the rearview mrrors. In order to prevent such

dazzl.ing of reflected |ight, rearvi ewpiaphaEy ré¥e inproved. 15

I n the beginning, as the nmeans for"arrEﬁuatrngEﬂﬁé—re++ect|ons of light had
been mainly used polarizers, color filters, and prisns together with a

nmet hod of scattering |ight by neans of an uneven reflecting surface.
However, since such a rearview mrror essentially ( 20 attenuates the
incident light to a certain |evel or otherwise, reflects the incident |ight
toward a certain directTipis iffeh8R08 @b latedbjwrirdd®yewedisrolrise fgy ror
is always not clear, false images are generated, etc., thereby neking its
practical uSe i rrp@%&ubil&és Z%nd more Bamritm,azayewva evearview mirigm to
liquid crystal device having |ight absorption property is attracting e
attention. | n t @ibsoxinstheicinobdent| Ldghs byystsdingleyikikquidi acyspedatodt
into the rearview mrror so_that the 2 orientations of the |iquid
crystal nol ecul es n&rﬁ@@%ﬁmg}bﬁ%%%&ﬁrﬂ“#ﬁ&h‘?%m&% whthint B%uﬁhéﬂe it
incident on the m_ror exceeds a certain limt. The liquid crystal used in
the mrror said aldve is

L |

~ 10 When vehicles are driven at night, the drivers are ﬁf
dazzled by the light beams reflected into the sight from
the headlights of following vehicles by thé rearview
mirrors. In order to'prevenﬁ such dazzling of reflected
light, rearview mirrors must be improved.

15 ~ In the beginning, as the means for attenuating the
reflections of light had been mainly used polarizers,
color filters, and prisms together with a method of
scattering light by means of an uneven reflecting surface.

 \/' However, since such a rearview mirror essentially (

20 attenuates the incident light to a certain level or
otherwise, reflects the incident light toward a certain
direction, the image of an object projected on the mirror
is always not clear, false images ére generated, etc.,
thereby making its practical use impossible.

25 Recently, a rearview mirror using a liquid crystal
device having light absorption property is attracting
attention. In this construction, a liquid crystal device

is incorporated into the rearview mirror so that the



=

5 such a kind that a dichromatic dye, m xes with a nematic liquid
crystal of positive or negative dielectric anisotrepy. The nematic |iquid
crystal of positive dielectric anisotropy and the nematic liquid crystal of
negative 10 diel ectric anisotropy are orithed parallel with the

el ectrodes and .absorb |ight respectively. with®the voltage not applied and
with the voltage applied. Hence, the nematic liquid crystal of positive

di el ectric aniSOt“”3&f%ﬁ%ﬂf%ﬁ%iﬁ%?ﬂ{%efﬁgﬁgiggg¥%§gaﬁPﬁdW@éﬁ¥U%té} &hnged

its 15 orientation perpen ereby res- ulting

[ hi'gh consumpt i on f AOVEF ekt whih CrhECRRbeoBe" the 1iGhe AL on

hand, the nematic |iqui negative ectric ani sofropy seens to

be the nost suitabl Hd 1viPMhPfeBONEds CORSEEPLLPR aRRiki.fe, but it 20
has the problemthat the initial operating voltage is relatively high and

the projected i mage beconfge UNtdieed @y faloused 2A- @he @mAroasisaid igbove is
Furthernmore, the life of a liquid crystal is inpaired by ultraviolet rays,
whi ch--@ses tshe di chich el ilcintyetlodit 20 dichPematoi dyer mikels wdithndemgmatic
chem carreaction and to be disqualified. Further, because the vertical
orientation filns arldquild admesttakaldf iposditiee, orl regritdiveudiedes tidimy

bet ween 3 264 -3- the electrodes due to the conductive inpurities
intervening into |i @WiGokRem¥al during the nmanufacture, thereby resulting

i n shortcom ngs. Besides, since glasses are nuch used._.in the, ] .
The nematic liquid crystal of positive dielectric

anisotropy and the nematic liquid crystal of negative
10 dielectfic'anisbtropy are oriented parallel with the
electro&és and absorb light respectively with the voltage
not applied and with the voltage applied. . Hence, the
nematic 1idﬁid crystal of positive dielectric anisotropy
should by always supplied with the voltage to keep its
15 orientation perpendicdlér to the elec;rode, thereby res-
ulting in high consumption of power and its life becoming
short. On the other hand, the nematic liquid crystal
of negative dielectric anisotropy seems to be the most
</ suitable in view of power consumption and life, but it
20 has the problem that the initial operating voltage is -
relatively high and the projected image becomes unclear
owing to low on-off contrast ratio.
Furthermore, the life of a liquid crystal is impairéd
by ultraviolet rays, which causes the dichromatic dye of
25 the liquid crystal to undergo chemical reaction and to
be disqualified. |
Further, because the veftical orientation films are not"

electrically insulated, electric currents flow between



5 mechani sm enpl oying the |liquid crystal device, considerable fragnents
are scattered when the mirror is fragnentized, thereby causing safety
problens. The rearview mirror to be described has a high on-off contrast
ratio and requiring little 10 consunption’of power. In 3@djsti on the
mrror has good electrical insulation between the two transparent

el ectrodes. A layer for blocking ultraviolét rays is formed to prolong the
life, and fragnebhhe aellechobdssatiter 4d the cowleactile Mmpucdities

fragnenti zed. Ac i t resent i g Lenast.here is provided a
rearview mrror %g@géggggﬁﬁ g§g§r§§ﬁ?3ﬁtexggﬁh?hghéﬁp n#gfion of a liquid
crystal of the mhanuvfaptucqusélierebyhangulting apr shordeonisgs: i si ng 20

addi ng a sufficient anopnthgigggLegggegc mgggggagrgomﬁcgiﬁ%@@eiqft%ﬁblue
dye and an_nematic |iquid crystal of negaﬁlve diel'ectric anisotropy in

whi ch the bl ue dpechaniep: aredo¥InBy th6I dAavdl crFsitmit dedic$o that the

rfitiﬁ 3; tlhe t hi ébﬁssaeﬁablb'efbia@gégtiras}bgbgaﬁgereldamren_t Qh'feh@ifr&(ba‘lnb y coni ¢
pItC P les w.thi,n the ran (0} ™ to .- 0., earview mrrqrs e oyln_
the i nvention wi LP ROREBERAGEER bEReT BYTWEF IS SAEESY WTOR EBEar oncedd

t he acconpanyi ng di agrammafhe deawinge 8@rrori mowhbiecldeskirgbel hmsaa

cross-sectional yi LI r at.i e Lucture ..af. .a.r Is I rror
according to an g%gghPhﬁg?koghbﬁggggn€§%€#o%gdFr%gug‘ﬁg%gﬁgﬁﬁgg%sectional
vi ew showi hg 35 conshmpshangefopowRe.orientati on according to the applied

vol tage. In addition the mirror has good electrical
‘insulation between the two transparent electrodes. A
layer for blocking ultraviolet rays is formed to \/
prolong the life, and fragments are not scattered
15 when the mirror is fragmentigzed.

According to the present invention there is
provided a rearview mirror operable to absorb light
when the orientation of a liquid crystal of the
mirror is caused to change, an improvement comprising

20 adding a sufficient amount of cholesteric material to
a mixture of a blue dye and an nematic liguid crystal
of negative dielectric anisotropy in which the blue
dye constitutes 2% by volume of the mixture, so that
the ratio of the thickness of the liquid crystal
25 layer to the focal conic pitch d/p lies within the U
range of 0.4 to 0.6.

Rearview mirrors embodying the invention
will now be described, by way of example, with
reference to the accompanying diagrammatic drawings

30 in which:

Fig. 1 is a cross-sectional view
illustrating the structure of a rearview mirror
according to an embodiment of this invention.

Fig. 2 is a cross-sectional view showing

35 the change of the orientation according to the
applied voltage.



3264 -4- Fig. 3 is a graph showing the relation between the voltage and the
It ght absorption according to the ratio of thickness of the liquid crystal

| ayer to focal conic pitch. 5 Fig. 4 is a cross-sectional
view illustrating the structure of a rearview mrror accordi ng to anot her
embodi ment of this invention. A rearview mirror of this inventiod3d
obt ai ned through the follow ng process. 10 Firstly, the I TCs
(indi umthin-oxide) 3,4 is respectively dep05|te§ on the u % and .| ower
glass plates 1,2. After the uppeFignd3| éfep €€thc§p°UﬂP§nt§F|6ﬁh &% 5,6

i's formed on the I TGs 3eﬂw@¥nuﬁh€9vsmtagﬁbahdnghéelhgﬁx bmeo&@aqams are
i nter posed 15 bet ween thg}ﬂgaiﬁ Ehates t he Spacers .are
g

o]
arranged to maintain a®EePt ErEBQFREBi ah %H&SSeP y TR
spacers is shiel ded mnbhyseaulmgyamteblabsal.cBhece@ﬁmem. the surface of
the upper glass plate 1 is coateg.wt g LM ELy film8,
and the | ower glgss plate 2 is cgéggdﬂ g?ﬂgagﬁﬁggn%g ?g§|§%F% um 9 by
t he tRtekness of 15®m1u33©a®1ngt@hﬁosﬁrunéuréfDﬁcﬁiﬁ@a§Wﬂﬁ§b@l** r

Subsequent !y, a "qu'daEEX§H§h '%o'HhS%h@? BB%BH@Beﬁ% b&'%%ls ifvent@ on.

liquid crystal, in this inventron, I's used a nematic ] crystal of
negative dielectric 5 anlsotﬁoﬁﬁﬁ Tl WY BETERTL RE 5P3§ dpYERF Lo, 1s
Specifically' . obtalned through the following process.
10 - ‘Firstly, the ITOs (indium-thin-oxide) 3,4
is respectively deposited on the upper and lower
U/ glass plates 1,2. After the upper and lower vertical

orientation layers 5,6 is formed on the ITOs 3,4 by
using Spin;Coating'method, the spacers are interposed

15 between the glass plates 1,2 so that the spacers are
arranged to maintain a certain gap therebetween and
the periphery of the spacers is shielded with sealing
materials 7. Thereafter, the surface of the upper
glass plate 1 is coated with a magnesium fluoride

20 film 8, and the lower glass plate 2 is coated with a
thin film of aluminium 9 by the thickness



such liquid crystals are 4-4'-nethoxypht hyl -azoxybenze*,
4- met hoxyphenyl - 4' - pent yl ebenzoat e and 4-pentyl eoxyphenyl -

«4' -n-pentyl ecycl o hexyl carboxylate, each of which may be individually or
in a suitable mxture with others. Fos 10 ~ the blue dyes' are .
exenplified various kinds, but the selection thereof should be made with
.considering the conpatibilitygwith the liquid crystal, all _the baroneters
and t he absomﬂfcﬁﬁ&&veléﬂgﬂhﬁ the fpirme thpe rRIfl eTAINGH rHHEIXEE by E. Mer ck
of West 15 Ger many whi ch absorbs the visible lights is used inthis
i nvention. When saiSubsequentiyst & liquidj eavstaltis () epted BRTOMER the
upper and lower glass plates 1,2 through the inlet, the cholesteric .
material is admedinket. TAs thel ddauidc crwsdalal idbithdl SIAFRNELRR, E8nic
pitch- of the liquid crystal and the nore the cholesteric naierial S
added, the shotsed aheematis Bdavidscrystadaof negatiyye MEkheStTiCof the

the 25 8 ”f cardRiss brepbY RAKPOHAEE ShenPRUS RN hetbm- of IPECLEIGRIY
ount of e Sk} SaSbhor Ry EEaR ket s RRo R bR APk AR B e
rearvi ow mi e ot CEEREERRYYA Ph0 - PachTeBelepBes hd BB oy bREL: |
RTINSt e b i e U i S e
condi tion, thefed DyPdusleybir @h hekueehbleh@mixture with others. For
10 the blue dfes are exemplified various.kinds, but the \/
selection thereof should be made.with considering the

compatibility with the liquid crystal, all the barometers

and the absorption wavelength.
The blue dye ZLI 3292 produced by E. Merck of West
15 Germany which absorbs the visible lights is used in this
invention.

When said liquid crystal is injected into the space
between the upper and lower glass plates 1,2 through the
inlet, the cholesteric material is added. U

20 The cholesteric material controls the focal conic pitch’
of the liquid crystal and the more the cholesteric .
material is added, the shorter the pitch becomes.

The ratio of the.thickness d of the liquid crystal layer
to the focal conic pitch p of the liquid crystal in the

25 rearview mirror influences significantly the on-off
contrast ratio. In order to obtain the most excéllent

on-off contrast ratio, the amount of the additive chole-

steric material is regulated so that the relation d/p



~

incrdent light by the thin filmof alumnium9 deposited on the | ower glass

plate 2. Fbmever

I f the anmount- of the incident- light is nore than 10 a

certai,n | evel, " the voJtage is applied to the ITGs 3,4 deposited on the
upper and Iomer gl'ass plates 1,2 and the liquid crystal is turned by [err]

and beconmes par.al | el

with the ITCE 3. 4 as show in FIG 2. As a result, the

nol ecul ar axis of the liquid crystal becones perpendicular to the
direction of incident

and the surface of thBtha%B?agﬁﬁéyrbh%IJ'qguﬁhér Sﬁﬁﬁ%qﬁﬁﬁ%? §éhﬁ1L;ghfn
: . | .
detected by a conventlozalt Eégtﬂ %ﬁ%ti'é’leg'e g‘r)glgd&a‘*% %ecﬁﬂ%ﬁglsﬁ ggaéybed

the ul traviol et comnoneptif besbasl S8 diidiedss ol QkoehdV1 1408 crvstal is

the liquid crystal

magnesi um f | uori de Iayer
the |ight absorption
the rearview nrror

does 1ot change

ﬁ@?ﬁéﬁﬁlgﬁlatrl ¥o! Lage rﬂ'd"gvﬁﬁgflger a@é}if’?é’éptﬁ got

invention i s Indicatéed in

As kngwr-in thes graphap%ils&e %ﬁguqlgb&r | eryEldeladd@ihdt Aabsforl?] the@light.

rearvi €w-mrror connot

use because

generation of the 'nfiﬁxﬁhPQ @6h&it95n|'Qh@r@q%&%PtWHé pidirdd #&E1&@tsethe
d/pis wthin 0.4 to 0.6, the light absorptlon characteristics appear to be

FI Gidcildpntt $ighet ber thebatime filal dfhalumbiniew i déposited

according to this invention. Insulating film 10 intervenes between the

good. 5
upper
&,4
- 10
15
20
25

on the lower glass plate 2.

However, if the amount of the incident light is more than
a céréain level, the voltage is applied to the ITOs 3,4
deposited on the upper and lower glass plates 1,2 and the
liquid crysfal'is turned by 90° and becomes parallel with
the ITOs 3,4,as shown in FIG. 2.

As a result, the molecular axis of the liquid crystal
becomes.perpendicular to the direction of incident 1light
and so, the liqﬁid cfystal absorbs the l1ight and the
surface of the mirror'appears blue Bwing to the blue dye
mixed in the liquid crystal. In this process, the
external light can be readily detected'by a conventional
photo sensor. -
On the other hand,-because the ultraviolet component of
the incident light is ﬁlocked byithe magnesium fluoride
1ayer.8, thé dye does not change.

Tﬁe relation between the light absorption and the
voltage according to the ratio d/p in the rearview mirror
of-this.invehtion is indicated in the graph of FIG. 3.

As known in the graph, if the value d/p is smaller

than 0.4 , a rearview mirror connot be put to



transparent electrode 3 and the vertical orientation layer 5 in this

enbodi nent . The insulating film210 is silicon 10 nitride |ayer
deposited with the thickness of 300 A to 1000 A I nstead of the
magnesi um fl uori de |l ayer 8, the transparent adhesive layer 11 is applied to
t he upper surface of the upper glass plate 1 with the thickness of about 1
mm and on the layer 11 is placed a glass plate 15 12, which is pressed
at the tenper gruetdéa¥0@séobébduSe Bl yhengeneratdlon af dthe ninfhextion
appropriate anmount of benzophenon is used as the transparent adhesive |ayer
11. Because t hmippesf abilghtwebsoratipar,ebutelidcithedara e dAp cbs t Wi khin

I nsul ated by the insulating film 10, they can 20 not produce an

el ectrical coruttton0efgnthet bight ebsdrptiea ichanaatewistiti¢HiRRReET

Besi des, since the glass plate 12 adheres to the transparent adhesive |ayer
11, the fragnetn sbewrgoodt scattered out when the mirror is fragnentized
accidentally, thereb¥ harmto_the human 25 baody bein ot caused. = .
Furtherfore, becausk Ghe4b@ﬁpbgﬁénéﬂoébﬁFaPH@GQH$QHﬁaQ¢) etV stitlesiyve
| ayer 11 is capable of blocking ultraviglet rgys, it protects the Sl

di chromati c dyEFTeHMEEREEingatPnghdsi AGVERtdOM-avi ol et rays. 3264 -8-

AN L o of o 1 ERRAFLRLFIER HCLARLR PRI B e ind it
LSV SRR olpRliht 3 A hertortru ofsalekestariyer
S in this embodiment. The insulating film 10 is silicon
10 nitride layer deposited with the thickness of 300 A to \/
1000 A. Instead of the magneéium fluoride layer 8,
the transparent adhesive layer 11 is applied to the upper
surface of the upper glass plate 1 with the thickness of
about 1 mm and on the 1ayér_11 is placed a glass plate
15 12, which is pressed at the temperature of 40° to 60o cC.
Polyvinylbutyral containing the appropriate amount of
benzophenon is used as the transparent adhesive layer 11.
Because the upper and lower transparent electrodes 3,4 is
certainly insulated by the insulating film 10, they can
20 not produce an electrical conduction even with the T
conductive impurities introduced. Besides, since .the
glass plate 12 adheres to the transparent adhesive layer
11, the fragments are not scattered out when the mirror
is fragmentized accidentally, thereby harm to the human
25 body being not caused.
Furthermore, because the benzophenon contained in the
transparent adhesive layer 11 is capéble'of blocking

ultraviolet rays, it protects the dichromatic dyes from

deteriorating owing to ultraviolet rays.



crystal of negative-—dielectric anisotropy in which the blue dye constitutes
2% by vol une of the m xture, so that the ratio- of :the thickness of the
liquid 10 *Ellu”"!ﬁm Hlmm focal conic pitch d/p lies within the
range of 0.4 to rearview mrror according to Claimil,
wherein a silicone hithidb I*ay&r is .deposited on the upper transb&ﬁént

el ectrode 3 by the thickness of 300 15 to 1009 A so as to forman
insulating film 10, and a transparent adhesive |layer 11 conpri sing

pol yvi nyl butyral m xeCI}@I¥S a suitabl e amount of benzophenon is formed on

the upper surface of the upper Of assaP}Pdw di WP @p@f@sﬁep’c@tebslarbelﬂgheo
pressed down to said adhsesive |ayer

conprising a reflecti Luriife LT ?%ﬁﬁ?Pc??s%a}l%&%énafﬁﬁg%%e?% ﬁée
reflective surface, anghFeensis espodsd viso techddige | | gt imptrevenéyt otomprising

[ight 1npinging upon LhEsfEL! SULYR Bhons SHLLACCOE BB 018, PLeAlEELTATC

intensity to sw ch th ansparen
absorbing state, the ltoua diicrtstalohavitine diegeaandeadi remati¢c hanidt r opy

and contai ni ng a bl ue g¥ﬁ%ﬂ% qg# é?f&&@odﬁé}é&tclaﬁéﬁié@£r6ﬁysﬂﬁhwhlch

proportions that 30 Itc ran romO0. 4
to 0.6. 4. A réﬁh%lb&v¢n¢¥QNC@nﬁE¥E#ﬁ¢%J2% BE ﬁ%%%?ﬂbgfoF%edﬁéﬁFpﬁéd
with reference to the ggCoHRRMWAOUr it O GBI E CtEL aWhEgS. of the liquid

10 cTystal layer to the focal conic pitch d/p lies
within the range of 0.4 to 0.6.
\/ 2. A rearview mirror according to Claim 1,

wherein a silicone nitride layer is deposited on the
upper transparent electrode 3 by the thickness of 300
15 to 1000 A so as to form an insulating film 10, and a
transparent adhesive layer 11 comprising
polyvinylbutyral mixed with a suitable amount of
benzophenon is formed on the upper surface of the
upper glass plate 1 with a glass plate 12 being
20 pressed down to said adhsesive layer 11.
3. A rearview mirror comprising a reflective
surface, a liquid crystal extending over the
reflective surface, and means responsive to the light
intensity of the light inpinging upon the reflective
“/ 25 surface reaching a predetermined intensity to switch
the crystal from a transparent state to a light
absorbing state, the liquid crystal having a negative
dielectric anisotropy and containing a blue dye mixed
with a cholesteric material in such proportions that

30 the focal conic pitch lies in the range of from 0.4
to 0.6.
4. A rearview mirror substantially as

hereinbefore described with reference to the
accompanying diagrammatic drawings.




