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1. Eyewear having adjustable transparency comprising:

at least one lens comprising means for varying the
transparency thereof in response to variation of voltage
applied thereto,

means for supplying woltage connected to said
transparency varying means,

means for varying the woltage from said voltage
supplying means applied to said transparency varying means,

said means for varying the transparency of said
lens comprising a pair of spaced transparent supports
each having a transparent wlectrode to which voltage from
said wvoltage supplying means is applied to produce an
electric field, a cholesteric-nematic phase-change dichroic
ligquid crystal cell between said suppoits which trzinsmits
light in the absence of an electric field and which absorbs
light 4in relation to the strength of such electric field,
the liguid crystal having a double refraction lower than
0.12 and & negative dielectric anisotropy:. at least one of
tke cell walls imposing on the molecules of the crystal a
substantially ~wartical alignment, said cell  having
spontaneous pitch the value of which is equal to 0.9-4 times
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' (§7) Abstract

Adjustable transparency spectacles including fenses (1) fotmed by nen diffusing dichroi¢ li‘quid crystal cells, with
0y suit:abtg for applyifig an electric voltage 10 said cells and means (11, 12)
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ADJUSTABLE TRANSPARENCY SPECTACLES

‘ JESCRIPTION
£ 3
4 3 This invention concerns adjustable transparency eyewear,
é ! such as spectacles and visors. More par;icularly, the invention
E-
. 5 concerns spectacles equipped with liquid crystal means allowing the

user ta adapt the <transparency of lenses to variation in the

sonditions of external luminosity, even if sudden,

As is well known, whenever the external luminosity is

suddenly reduced or increased, conventional sun spectacies now in

10 use have the deficiency of an annoying sensdtion of darkening or of
dazzling, with an objective ana suaden leSsening of visual capacity,

capable of causing substantial risks to the user.

An example of the foregoing is the effect on the driver of

a car upon entering or exiting from a road tunnel,

i5 There presently are available some sun spectacies, with
.ensas 1n photochromic glass, which effefts at least 2 partial
reduction of these difficuitiss. Actually said type of glass has the
oroperty of becoming absorbent, and therefore dark, under the action
of light, and clear under conditions of reduced luminosity, thus
20 ailowing the production of !enses having the transparency thereof
adjustable in an adeguate manper, but a0t with that speed of
intervention being required and needed in special situations.
Actually the time of varigtion in the transparency should
not exceed 1/10th of a secend in order té minimize the referred to
25 phenomena of darkening and of dazzling, while that typical of the
photochromic glasses is in the erder of several seconds.
521 Furthermore, with the photochromic glassesv it is not
=
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possible to operate directly upon tne transparency of the lenses,
since the latter depends directly from the quantity of light

recently absorbed.

YR gt e ey Sz
ey St iy

Other means are also kxnown, capable of regulating the

transparency of an opening, such as for instance the devices formed

‘N

by two polarizers of plastic material, placed one upon the other and
assembled in such a way as to be anle to be relatively rotated, thus
allowing adjustment of the transoarency within wide limits. However,

this apparatus is not suitable t2 being readily assembled in a pair

10 of spectacles, since in order o erfect the mechanical operation
above described, there would be required a structure that is not the |

compact and light weight structure which is typical of spectacles.

The evolution of electronic tacnnology in the field of

iispiay devices, used for the presentarion of images, has led ta the

;§_ 15 production of zlectrooptical calls, as well as of similar contriv- i
%:1 ances wnhich, in some special empodiments, are capable of readily H
:: adjusting the transparency thereof.
/% E . “owaver it i5 to be noted that, “or the specitic applica-
%i 2:&6 =ign ¢ these cells ©3 adjustable transparency lanses for spec-
%; ‘:Zﬁf z0 tacles, they should be able to satisfy the following requirements:
core
::'2§ - absence of light diffusion phenomena
?‘..s - gdequate width of the visual angle E
- uniformity of light tramsmission 63
- sufficient transparency
25 - no need of polarizers
Adjustable transparency spectacles including liquid crystal
S cells are disclosed in WO 81/02795. In that disclosure, however, the
- lenses dre provided with layers of polarization material.
To provide lensés for adjustable transparency spectacles

having the above referred charactaristi¢s, the present invention

R Rt SN SR om e
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uses liquid crystal cells of the dichroic type.
Cells of this class are capable of causing variation of the
transparency without any light diffusion, and without requiring the
e use of palarizers.
é: 5 As a general rule, by dichroic cells is meant those in
3 which the liquid crystal has dichroic properties. They mostly are
%;A derived from a small percentage of one or more dichroic dyes, wnose
molecules show an average alignment parallel to that of tne liguid
crystal holding them in solution.
10 The fundamental property of a dichroic element (material
and/or structure) is that of absorbing light in a greater measure
;} when the electric field oy an incident electromagnetic wave (perpen-
;g dicular to the direction of propagation and being oriented along the
;h plane of polarization) is parallel to a characteristic direction
g%?% 15 thereof.
=l
Y By dichroic ratic is meant the ratio between the maximum
' and minimum opticdl densities, which can be measured, under polar-
oles ized light, parallel-wise and perpendicular-wise in reference to the
;;:{': cnaracteristic direction of the dichroic element.
3;;::f 20 A liquid crystal costaining in solution & dichroic dye
f:°'§ behaves as a dichroic means, whose characteristic dirsction can be
§ ves "modified, for instance under the action of an electrical field.
- Several types of dichroic liquid crystal cells are known,
s The first ones to be studied made use of relatively simple elign-
-.g 25 ments of the- liguid c¢rystal, in combirdation with a polarizer
(Guest-Host effect).
i‘c-“o
“etes’ Since the latter absorbs - ideally - at least one half of
the incident light, it is not possible to obtain & maximum Righ
transmission of light.
4
?

4 o mecapraes fmrmcnor SR dEs e
IDONEEIN ¥ S - AT VS AR VNN S 67 O i it b




—

ey
e s o B

(€]

-ﬁ-i*'r%\f*;‘ At
PR

¥,

i
(3

A

gt s

)

¢

A

AFET

:&@fﬁ‘i{?w

e
ke
1

i 5

]

e
LA 4l

Y

However there exist some other types of dichrcic cells,
known as phase change cholesteric-nematic, or White-Taylor type
cells which, thanks to more complex alignments of the liquid

crystal, permit the avoidance of the polarizer devices.

In the case of the latter, the possible conditions of the
orientation of the cell molecules can be stated as follows (for an
exact description there is used, in the following text of descrip-
tion and claims, the term “horizontal" <o inaicate z direction
parallel to the planes of the walls containing the liquid crystal
within the cell, and the term "vertical" to indicate the orthogonal

direction}.

In a first, extreme condition, in correspondence with the
various layers of the liquid crystal, there are cbtaineg different
srisntations of the molecules in the horizontal plane, or 21 a small
ingle thereto, in suc¢h a way that all the components of light
propagating vertically are absorbed in different layers, according

to tae planme of polarization.

In a second extreme condition, the orientation of molecules
‘5 yertical or nearly so, and the lignt propagating vertically is

not ‘in ideal operation) absorbéd.

Intermediate conditions between these two extreme condi-
tions, corresponding to intermediate angles of molecules with the
norizontal plane, permit continuous change in the absorption of

e
%

1

[fe]

Said conditions canm practically be oobtained in the above
referred to White-Taylor type cells, owing to the presence of a
liquid crystal having & torsion whén it is ﬁorizpntaliy aligned, It
can te due, im part eor totally, to different horizontal directions
imposed o the liquid crystal by the two walls of the ¢ell. Besides,

& spontaneous torsion, that is im absence of constraints on the



walls, being due to the presence of optically asymmetrical mol-
ecules, is a well known phenomenon, which is easilchg;g;giﬁ through
the addition of chiral molecules. It characterizes the cholesteric
liquid crystals and it can be quantized through the pitch (rightwise

or leftwise) of the helicoidal configurations which are obtained.

(8]

The ratio between the thickness and the pitch supplies the sponta-
neous torsion (in round angles i.e. in fractionsor multiples of 360
degrees). The nematic liquid crystals can be considered a particular

case in which the pitch is infinite.

10 In the liquid crystals the index of refraction quite near
to 1.5 implies that high angles, with reference to the vertical
agirection, of the direction of propagation of light in the air,

correspond to relatively small angles within the liquid crystal:

ven Tor

[(}]

There tollows from if an operation OF the cell
15 directions of light different from the vertical, whicn satisfies one

of the essential requirements for implementing the invention.

However, in order that ail light be absorbed efficiently by
the twisted structure, it is required that the product cf the pitch
oy the ontical anisotropy (difference between the sxiraorginary and

“he crdinary indexes of refractien) be émall in reference to the

n)
L)

wave length. In particular, the double refraction of the liquid

crystal should be small (see the Digest of the 1984 S.I.D. (Society

for [Informations Displays) Symposium, the contribution 13.3 by

veeses J.F.Clerc and al.), owing to the Fact that the pitcn canndr be too

P 25 small with reference to the thickness of the liquid crystal, since
gr I otherwise- with the- transitions there- tend to be formed many dis-
%

orderly alignments which cause an undersired diffusion ¢f light. <o

that the liquid crystal appears to darken.

[t is also to be taken into account the fact that the

30 contrast to be obtained with the cells depends upon the alignment of

N
.
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the molecules of the dichroic dye, which oscillate continuously
around their middle positions, while such phenomenon is expressed
through an ‘“order parameter" which can vary between 0O (lack of

alignment) and 1 (no oscillations).

The requirement for some high value of the order parameter
is the limit for the concentration of the dyes, and therefore for
their absorbing power, so that the thickness of the Jiquid crystal
cannot go under & given value, being inm practics a thickness of
4-15 um, with the consequence of unavoidable increases of the

pitch's value.

In any case the cells as described by White and Taylor
(Journal of Applied Physics, Vol. 45, page 4718 foll., Novemper
1974) in their generality did not show the specificaticns required
for avoiding tne mentioned difficulties of light ciffusion, and
therefsre they cannot be considered as suitable for the objects of

this invention.

However there exist, starting from 1980, some chclesteric-
nematic phase change cells that have beem shown. accarding to “he
cresent invention. t0 be capable of

without evidencing the phenomenon of light diffusion.

Such cails have been obtained through a narrow control of
the alignment imposed upon the liquid crystal by the surfaces and by
the pitch of the spontaneous torsicon of the liguid crystal. Cells of
this catedory are suitable for carrying out the objects of this

invention.

A first type of dichroic cells that has been found to be

non diffusing does apsorb the light &t rest {that is in absence of

electrical excitation). In this case the use is made of a {iquid
crystal having a positive dielectric anisotropy,

dielectric¢ cdnstant, measured along the orientation's direction of

varying iheir ziransparency

in which the
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the molecules, is greater than that perpendicularly measured. Under
the action of an electrical field the molecules tend <o arrange
themselves parallel to the former, and therefore vertically (in the

presence of flat electrodes on the surfaces).

From a structure of the cholesteric type one therefore
passes to another of nematic type, and the cell from being absorbent

becomes transparent.

In @ first subtype of said cells, wnich ¢in be employed in
tnis invention, the alignment as imposed con the liguld crystal from
gne or both walls is parailel or almost parallel to them, according

to a prefixed direction.

Among this sub-type there are preferred the cells of the
type in which the said alignment is glmost carallel, ang =ore
orecisely it is inclined with reference t0 a horizontal plane,

preferably by 2°-15°, and in any case no more than 25°.

Besides, the orientation at rest of the liquid crystal
througn the thickness of the cell should have an effective total
torsion included between about 1/4 of a round anglie i.e. 90 degrees
and 2 round angles i.e. 720 degrees, and preferably betwean 0.5 and

1.5 round angles.

This 1is obtained by selecting the pitch in ratio to the

-1,

thickness of the liquid crystal, and/or actually stressing a fixed
total torsion, which can even be more than 1/4 rcund ancle more or
less than the spontaneous one, through a perallel, or aimost

paraklel, alignment also. on the:second wall.

In any case the alignment should bé prefixed in an uniform
way also. on the second wall, hcwever thers can be accepted all

inciinations being in¢luded between the vertical and the horizontal.

[n a second subtype the alignment as imposed upom the

|
]
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liquid crystal by both walls is almost a vertical one, but the ratio |

between the thickness and the pitch is but little greater (1-2

times) to a critical value being quite near to one (equal to

K33/2K22
parts of the layer is almost horizontal and twisted. However, upon

). Then the orientation of the liquid crystal in the central

the variation of the electric field, the transparency shows changes
in steps, with phenomena of hysteresis. The same renders this second
subtype of cells unsuitable for obtaining a gradual adjustment of

the transparency.

There does exist a second type of dichroic cells that have
been shown non diffusing, which transmit the light at rest while
they absorb the same in the excited state, which appear o be

completely suitable for use in this invention.

In their case also the alignment as imposaad by the walls 1is
almost vertical, but the ratio between thickness and pitch is lower
than the aforesaid critical value, and therefore the orientation at

rest happens to be almost vertical.

in saild cells there is employed a liguid crystal with
negative, instead of positive, dielectric anisotropy, the melecules
of which tend to place themselves perpendicularly to the electric
field. For purposes of this invention, there are tc be preferred
cells in which the almost vertical alignment on the walls is well
controlled, with directions varied by 1-10 degrees from the verti-
cal, preferably 2-5 degrees and preferably according to planes of
the walls having angles quite near to the spontaneous, total torsion
of the-liquid crystal, through-a-thickness- being-equal to that- of

the call, which in this case is included between 1/4 and 1.1 round

angle (Swiss Patent Nb. 639001, Ebauches S.A., inventor F. Gharadje-

daghi).

These latter cells are the most suitable for the adjustabile

e e e T TR OE ST N B e
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transparency spectacles in accordance with the present invention,
inasmuch they avoid the risk that when the electric excitation is

missing, the spectacles might dangerously be darkened. Howewver even
the above referred to cells, non diffusing and absorbing the light
at rest, can be employed for the objects of this invention, but by

not including the above referred to safety requirement.

Therefore the specific object ¢f this inventicn is to
provide adjustable transparency spectacles including lenses 7. -meg
by non diffusing liquid crystal cells, means suitable for applying
an electric voltage to said c¢alls and means for adjusting said
voltage, characterized in that said cells are cholesteric-nematic
phase change dichroic liquid crystal cells which transmit the light
at rest and absorb it in théir excited state, with & liauid crystal
having a double refraction lcwer than 0.12 and & negative diglectric
anisotropy, an alignment vertical or almost so being imposed on the
molecules of the crystal by the walls, and the value of the sponta-

neous pitch being equal to 0.9-4 times tne thickness of said cell.

Preferably the nitch .5 egual to 1.1-~1.7 <imes -he said

thickness; to said values there <¢orresponds a spontanecus. total

¢

Torsion of the liquid crystal through tne thickness =7 the cell

being included between 6/10 and 9/10 round angle.

Advantageously the said alignment shows a deviation from
the verticdl equal to 1°-10°, and it preferably takes place alcng
planes mutually forming some encles almest =squal 72 the spontaneous
total torsion of the liquid crystal through the thicknmess of the

cell. The value-mostly preferred for this deviation is 2°-5°,

Alternatively, as already stated, there can be employed
according to this invention alsd the non diffusing dichroic ceils,
which absorb the light at rest and transmit the same in their

exc¢ited state, with & liquid crystal having a double refraction

T T e i L OO G R Ut R T M & T ¢
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lawer than 0.12 and a positive dielectric anisotropy, an zlignment
being imposed upon the crystal from at least cne of the walls, which
alignment is parallel or almost so to the latter, according to &
orefixed direction, the value of the pitch being higner than half of
5 the thickness of the cell itself, and the effective torsion, at
rest, being equal to 1/4-2 round angies, and, preferably, to 1/2-3/2

round angles.

Preferably the said alignment makes witTh the norizontal an
angle not greater than 25°, while in the most preferred embodiment

10 it makes an angle of about 2°-15°.
For instance, the technique which permits imposing on the

licuid crystal a prefixed crientation and inclination in correspon-

dence of the walls which it is contact with, are well gescribed (T.

Jjchida and AA.: “Liquid Crystal Orientation on tne Surface of
i5 Jbliquely Evaporated Silicon Monoxide with Homeotropic Surface
“reatment”, Japanese Journal of Applied Physics, vol. 19 p. 2127
11280)) .
sdes They typically consist cof processes of molecular projec-
sss'e
e tion, in vacuo, of a thin layer (8 - 100 nm) of Si0, ZIr0,, laF, or
"0 2 <
veaa® ZC MgF,, “ollowed by the treatment with & surface=active agent {for
[ 3] - ~
] instance lecithin or seéveral components within the ramilies of
ese sylans or of the metal-organic complexes) and/or by the unidirec-
zional wiping of the surface with a soft cloth, possibly impregnated
[ 4
XXX XY )
‘f . W1Th very thin particles of abrasive, under controlled conditions of
& H : . Y g o < _
1 Teet * 25 pressure and duration.
; {2}; ...‘. - ~ . " . . -~
The techmique of production and the theory of operation of
"’ the cells transparent at rest, are described by F. Gharadjedaghi in
¥ o9

"A Positive Contrast Guest-Host Display Using a Liguid Crystal of
Negative Dielectric Anisotropy”, Molecular Crystal a&nd Liquid
5w 30 Crystals, vol. 68, pag. 126 foll. (1981) and by F. Gharadjedaghi and

I
o
-
_...i
Oy
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R. Voumard, in "Mathematical Simulation of a Positive Contrast
Guest-Host Display Using Nematic Cholesteric Phase-Change”, Journal

of Applied Physics, vol. 53, pag. 7306 foll. (1982).

g

&

Thtin -
b 1gE 1o

The absorbing at rest cells, employed in this invention,

are described, for instance, by K. Suzuki et al. in "A Multiplexed

w

Phase-Change Type Color LCD", Trans. on Electronic Devices, Vol. 28
pag. 719 foll. (1981), by K. Suzuki and S. Hasegawa in "Design

3 NS,

Considerations for Phase Change Type Guest-Host Colour LCDY,

Proceedings of the first European 0Display Researcn Conference,

10 Munich, September 81, pag. 72 foll. (as published by $.1.D.) ana by
F.‘ Gharadjedaghi and E. Saurer in: "A novel type of invented
Dichroic Display Employing a Positive Dielectric Anisotropy L.C.",
IEEE Trans. on Electronic Devices, vol. 27, page 2063 foll. (1980).
Suitable mixtures of & dye znd combinations ¢ & aye with
15 liguld crystals, are described, for -instance, in the contribution
13.2 by U. Classen et al. (Bayer, Leverkusen) of the 1984 S.I.D.
Symposium (on pag. 209 of the Digest), as well as in the article by
3. Scheuble et z!. {Merck's, Darmstadt) "New Black L.C. J3est-Host
":é“ Systems for indoor and Qutdoor Aoplications™. S.I1.D. Proceedings,
-1 3;;:: 20 vol. 25, pag. 25 (1984).
kg .::?: The processes also for deposition of the required layers of
’ ;:..: transparent conductor are well known in the art, as well as .s the
P possibility of providing the cells between supports of plastic
voonst material {poliesther resins} (H. Inone and A. Kikuyama; “Homogeneous
A 25 Molecular Alignment Technique for Polymer Film LCD", Proceedings of
ji 5:;"= the First European- Research Conference, pag. 28.(Munich 1981), and
1o P.A. Penz, J.B. Sampsell and D.R. Collins, "A Plastic LCD Design
::g::: with High Reliability and Color-Free Readability", IEEE “rans. on
tlectronic Devices, vol. 22 (1985), pag. 2206).
L\éwvgo It is well known that in order to obtain uniform transpar-
%
;m 5 é”‘
Doyr o

oS




W%
(V]

25

R SR

-2 -

ancies also at intermediate levels, tne dichroic cells we have dealt
with require a very high precision (better than +/- 10%) in the
contrel of interspace thickness, Jpon the variation c¢f wnich there

also changes the applied voltage to transparency relaticnshio,

For that purpose the known technologies propose t2 inter-
pose between the internal walls a plurality of spacers, for instance
some microscepic lengths of glass {ibers, &nd tTo ensureg some
Jressure on the spacers by the walls. This can be crtained througn
the sealing of the inside interspace, under conditions of some smajl
negative pressure as compared to atmospheric pressurs, znd/or by

coupling surraces whose camber is slightly different, wnich resuit,

et

tTter some gluing in correspendence of their sdges, pressed one

against the other, owing t¢ internal stresses (U.S. Patent ar.

—

4.150.878, Barzilal et ai.}. it 1S anyway reguired -1t =ie start
surfaces have differences of depth and camper., wlth raferenc2 ta3 the
1deal one, contained respectively within 3 few mic¢rometers and

A1thin a Taw micrometers/sg. cm.

The standard tecnnique of the liguid crystal ceils provides
=ne us2 of glass tlat supperts, cbtzined by the flcat orocess, that
causes the plates 15 solidify as they 7igat on a 7oifen metal.
dowever there 15 no knowledge of descriptions relating t2 liquid
crystal cells with curved rigid supports, certainly more suitable

Tor the protective glasses according to this invention, since they

«t
(&)
ey
u
g}
ot

germit the reduction of any undersired =7fec 1Zmatlsm  (as
~#ell as of dispersion of colours) in the side vision {(Tscherning's

diagram).

As already known, the normal absorbent lerses are obtained
i

Cas

tarcugh processes of blowing and casting of either S3. &r organic

]

glass. The nhigher quality and cost lenses are obtained by working
the glass through grinding processes in centact with metallic

"zoats", followed by polishing, using the same tachnizue suitable
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for graduated lenses and obtaining the same limits for tie results.

Said limits are (as a tctal) currently considered as equal
to +/- 1/8 digoter: €.i. refer to V. Ronchi, "Lenses for spec-
zables", Zanichelli, 1962. Said limits however are utterly unsuit-
able for producing the curved lenses capable of meeting the aims of
this invention. On the other side, it is well known that the
orocesses of optical manufacture, thit is those of grinding and
nolishing, under conditions of closer control, permit the attainment
of a degree of precision within tenths of a micfometer, is nez2ded by

oracision optics and mare than suitable for dichroic calls.

For the implementation of the adjustable transparency
spectacles it is therefore proposed to employ the lenses processed,
3% least on their inner side, with the improved tecnnologies above
raferred to, with such & precisicn as not toc give way to 3 giffer-
ence of dimension and of camber, with respect to the ideal surftace,
respectively limited within a few ﬁicrometerS‘ and within a few

micrometers/sq. cm.

Said lenses may t2 made out ©F glass cr 37 2 oplastic

[s7]

material, ane they will be preferably treated or coloured in suén
way as to absorb the ultraviolet rays &s well as to protect the

dichroic dyes from losing coioeur.

Further, in spectacles 4dccording to this invention. the
apove resterred to means for applying the electric voltage are tormed
oy an electronic circuit wnich gemerates, at the tarminals =f tne
cells, an adjustable voltage, whose effective value is higner than
the- threshold, does: not contain any direct curfent components and.
has a frequency sufficiently high as not to allow the passage of

ions into the liquid crystal.

Preferaply the said electromic circuit includes an induc-

for, electrically resomant with the cells' éapacitances.

,zz
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The voltage being generated by the electronic circuit is
adjusted by manual and/or automatic means. The latter may be formed,

in particular, by electronic circuits actuated by a photocell.

The manual means on the contrary be formed by electrenic
circuits controlled by lightly touched keys, or by & potentiometer,
by 4 variable capacitor or by a variable inductor, or by any

combination of them,

Alsg, as far as their shape 1[s Ccbncerned, spectacies
according to this invention can be implemented, instead of with two
separate lenses, with just one continuous element, of plastic

material, which is shaped as a visor.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows in cross-section a lens and related circult
of the spectacles accordity to the invention;

Figure 2 is & perspective view of eyewear employing the
lens and compenents as in Figure 1;

Fiqure 3 is a perspective view of an alternative empodi-

Tent,

{n F.gure 1t there is shown in c¢ross-section 2z ligquid
crystals cell 1 making up one lens, and comprising spaced supperts 2
of glass or of a plastic material, with sealant 3 of resin or frit
for the intersoace 4, which is filied with liguid crystal and which

is therefore suitable for meking a dichroic cell.

Upon such of the facing surfaces of supports S there is
placed a transparent corducting layer-5', as well as layers required
far the alignment of the liquid crystal, while between the surfaces

-~

the spacers 6 are deployed.

The peripheral sealant 3 has a small opening (mot shown)

for the negative pressure filling of the interspace 4 with the

RN VAN I L R e g
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ltquid crystal, to be thereafter sealed. The opening can pe replaced
by a hole in any of the supports 2.

Contacts 7 to the conductive layer 5' are connected by
wires 8 to an electronic circult 9, whicn supplies electric voltage
to the cell 1. Said circuit 9 generates, at the contacts 7, an
adjustable voltage, whose effective value 1s higher than the
threshold, does not contain any direct current components and has a
Trequency sufficlently high as not to allow the passage of ions 1nto

the liquid crystal.

A power source 10 for the circuit 9 1s 1n the form of a
battery, but could be eliminated 1f photocell 1!, connected circuit
8, generates enough power. The photocell 11 and manual control 12
Tor adjusting the voltage, which can be for 1nstance an electronic
c.rcuit, controlled by lightly touched keys, allow, together or
alternatively, the adjustment of “e voitage generated by the

circult, as well as the control of :he lenas’ transparency.

The lens 1 and other components shown :in Figure 1 are
supported by a suitable frame for eyewear, sucn as spectacles, w#nicn
can house the minitaturizeg circuit, or, alternatively, the circuit

can be contained i1n a small box nanging from earpieces, oy a string.

The 1nvention will now be described, in an tllustrative
way, by the following examples concerning some of 1ts specific

embodiments.

EXAMPLE 1

Transparent” lenses optionally corrective; made~of glass or
of the organic material known as CR39, dyed while in molten condi-
tions, 1n such a way as to absorb ultraviolet rays, wnose thickmess
1s dbout 0.7 mm, im the case of glass, and about 1 mm, in the case
of plastic, are worked in pairs, with a difference in camber equal
ty about 2 um/sq. cm., according to the US Patent No. 4,150.878 of

I»
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Barzilai, Maltese and Ottavi, the faces of which are to enclose
liquid crystal, and they are then cut-out according to the shape of
the frame.

The internal surfaces are activated by "plasma etching” and

treated with ‘“magnetron sputtering”, by firstly depositing a
blocking layer of 0.1 um of A1203, and then a second layer, of about

o

0.1 um in thickness, of indium and tin oxide (ITQ), having a surface
resistivity of about 100 ohm/sq. ¢m. and & transparency better than
85%. The said treatment {s also performed on the edges., wnere
10 successively some gold is evaporated, in order 10 obtain some
contact areas. By reduced pressure thermal evaporation of 0.04 ym or
Si0, at a grazing angle equal to approximately €0° from the normal,
followed by a rubbing with abrasive, one can obtain the surfaces
wirich will allow an almost horizental orientation of the l.guid
15 crystal, with an inclination equal to 30° with reference to the
walls. On the edge of the convex face there is also deposited, by
silk screen printing, & peripheral ring of epossidic resin, non
polymerized (Allestik No. Z17), with an interruption through which
*he liquid crystal will be caused to enter. Minute lengnts of glass
20 Tibers, whose diameter {s 8 um, &re scattered upcn the convex
surface and the concave surface is them pressed upon the convex
surface. This operation is performed by sealing in vacuum a packet

-

of thermoplastic material containing the lens. There follows the

baking of the resin at 80°C for § hours. The internal surfaces are

25 compressed through the spacers and there 1s obtained the required
FG Ceet t uniformity of thickmess for the space 4. The liquid crystal is then

*
¢ oo caused to enter-space 4, which is under-vacuums

s"ss The process is performed at about 80°C and inside a vacuum
champer, by plunging for a sufficient time (some minutes) intc the

3d liquid crystal the edge of the lens inm correspondence with the
discontinuity of the glueing. Said discontinuity is them sealed with

2 dsn s e e e e e Ee .. s bl . - Snn e . oma Mk mme s e s e - csae i a—at
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resin sealant.

There is employed a liquid crystal having positive dielec-
tric anisotropy A% = 5 and lcw double refraction (A, = 0.08),
which also has dichroic dye and chiral additive. The structure of
the eyewear is completely optional. As {t shown in figure 2, the
eyewear is a spectacles 20 comprised of frame 21 and earpieces 22
and 23, hinged through special platinum plated metallic hinges 24
and 25, providing several separated electric connections ({not
shown). Hinge 25 is constructed with a switch, sc as to break a
circuit to battery 26 in earpiece 22 whenever it is folded in. The
frame 21 comprises a core {(one millimeter thick) of resin loaded
with carbonium fiber, and i{$s laminated with layers of copper
connected to hinges 25, and said parts are embedded in the resin.
The lenses 1 are pressure moulded into the frame ¢! which, for this
purpose, has its lower part made with thermoplastic resin c¢nly. The
construction of the earpieces permits their hot bending for better

fit to any user.

The spectacles 20 weign about 55 g., are normally dark,
having a transparency around 15-25%, for light rays orthogonal to,
or at 45° with the surface. Said values can Le adjusted up to
maximum transparencies, equal to respectively 70-60% when maximum

voltage is applied to the lenses.

The 1integrated <ircuit 9' automatically controls the
transparency of the lenses 1. furthermore the user s able. by
pressing on the two keys 27, 28 to brighten or darken them. The
lenses. 1 cam operate- between 5° and 40°C, with therliquid crystal
operable, and the duration of the battery is equal to at least 200

hours, depending upon the conditions of use.

EXAMPLE 2

The spectacles 20 may bé manufactured using the technology
of printed circuits.
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On a printed circult core there are soldered the electronic
components and the spring contacts for the lenses. On frame 21

lenses 1 there 1s provided the monolithic 1integrated

circutt 9!
Through a process of hot moulding there are applied two external

Detween

whicn 1includes & pnotocell, and cther components.
layers of thermoplastic resin. The earpieces 22 and 23 are manufac-
tured of thermoplasti¢c resin with the recesses for lithium battery
26 and for ferrite microtransformer 29. The transtormer 29 has the
tunction of minimizing the electrical consumption é&nd enadles the
use of a battery 26 having 1ts voltage lower than the thresnold one

of the liquid crystal.

There has been employed a microtranstormer 29 of special
make, wnose dispersed 1nductance resonates with the capacitance of

the liquid crystal cells, at tne piloting tTrequency.

The control of the ampliituge of the voltage on tne secona-
ary of microtransformer 29 1s cotalned by varying the duration of

the pulses applied to the primary.

fach connection soring 1s manuractured oF [ust one piece of

steel. anag with electrical contact material suitadle Tor Jenses of
the corrective type. There may be used various aligning layers, and
a different liquid crystal. In this case the grazing evaporation 1is
surface

performed at 80 Degr.C. with CaF, and it 1s followea by a

2
treatment by 1mmersion i1n a diluted DMOAP solution (N,N-dimethyl-N-

actadecyl-3-amino-propyltrimetnoxyl:l chloride).

For the liquid crystal, there 1s employed a mixture having
low-double refraction (/A n=0.08) and negative-dielectric anisotropy

(¢ =-1.5), plus a chiral additive and some dichroic dye.

The 1ntegrated photodiode 1s qiffereatly connected toc the
remainder of the circuit 9', 1n such a way as to invert 1ts action.

There 1is thereby obtained a pair of spectacles normally clear

. Ll i oo AN SR S N



WY b o

=

4.

N o T T S
. N : o e S

W S ety

@ -

5
10
i5
o:om
mcoz
_seee ZO
HE
LYY
YTy s
¢
-coe.
s
o e &
. .o
. .
turase 25
sese
[]
L] . &
(3
* »e
HE I
. o¢
'o.i-
.
& s
f'iiﬁlig,
>° ‘i,
(’{T Lﬂ «
. S, 1 H#
T

- 19 .
(80-70%), being capable of darkening up to 30-40% (for the ortho-

gonal direction and for that inclined by 45 d=27.C., respectively).

The endurance of the battery depends upon the conditions of use and

appear to be 400 hours at least.

Another conctruction of the invention, shown in Figure 3,

yses laminated sheets, made of transparent and flexible plastic

matarial, for containing the liguid crystal. There s shown a

visor-like eyewear 30, in which there Is a continuous l2ns extending

in front of baupb eyes of the wearer. The lens 31 constructed by a

lamination process, in which some layers of polyesther resin (Mylar)
are assembled together with a liquid crystal
is employed a continuous manufacturing process,

0.5 mm,

agdhesive. There

starting from ribbons of sheeted mylar, thick, which are

made tTo pass through vacuum chambers and machines in which they
undergo the same treatments which have been alredy described. In
this case, the uniformity of the thickness for the inner space is
guaranteed by the residual internal depression after the filling
with liquid crystal and the polymerization of the epossidic resin.
The latter takes place in a moid, in wnich the surfaces are glued to

their final curved shape, arter having been cut frem the ribbon in

the required shapes. The conductive paths are emdedded into the

famination and there is obtained a lens 31, cylindrically bent. The
lens 31 is glued to a frame 32 carrying the circuit 9' the hinges 24
ana 25 connecting circuit 9' to the earpieces 22 ana 23. tyewear 30
is a rather lighter structuré (40 gr.), which is alsc more economi-

cal when produced on q sufficiently large scale.

and an epossidic
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
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1. Eyewear having adjustable transparency comprising:

at least one lens comprising means for varying the
transparency thereof in response to variation of voltage
applied thereto,

means for supplying voltage connected to said
transparency varying means,

means for varying the voltage from said voltage
supplying means applied to said transparency varying means,

said means for varying the transparency of said
lens comprising a pair of spaced transparent supports
each having a transparent electrode to which voltage from
said voltage supplying means 1is applied to produce an
electric field, a cholesteric-nematic phase-change dichroic
liquid crystal cell between said supports which transmits
light in the absence of an electric field and which absorbs
light in relation to the strength of such electric field,
the liquid crystal having a double refraction lower than
0.12 and a negative dielectric anisotropy, at least one of
the cell walls imposing on the molecules of the crystal a
substantially wvertical alignment, said cell having
spontaneous pitch the value of which is equal to 0,9-4 times
the thickness of said cell,

2. Eyewear according to claim 1, wherein said
spontaneous pitch is equal to 1.1-1.7 times the thickness of
the cell.

3. Eyewear according to <claim 2, wherein the
spontaneous total torsion ef the liquid crystal through the
thickness of the cell is between 6,10 and 9/10 of a round
angle.
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4. Eyewear according to claim 1,

wherein deviation

from the vertical of said alignment is between 1°-10°.

5.

Eyewear according to claim 1,

wherein deviation

from the vertical of said alignment is between 2°-5°,

6.

Eyewear

according

said

alignment takes place along planes forming angles which are
substantially equal to the spontaneous total torsion of the

ligquid crystal through the thickness of said cell.

7.

Eyewear apparatus having adjustable transparency

comprising:
at least one lens comprising means for varying the

transparency thereof in response to variation of voltage

applied thereto,

transparency varying means,

means

for

supplying voltage connected to said

means for varying the voltage from said voltage

supplying means applied to said transparency varying means,
said means for varying the transparency of said

lens comprising a pair of spaced transparent supports each

having a transparent electrode to which veoltage from said

voltage supplying means is applied to produce an electric

field, a cholesteric-nematic phase-change dichroic liquid

crystal cell between said supports which absorbs light in
the absence of an electric field and which transmits light
in relation to the strength of such electric field, the

liquid crystal having a double refraction lower than 0.12
and a positive dielectric anisotropy, at least one of the
cell walls imposing on the molecules of the crystal an
alignment substantially parallel thereto, said cell having
spontaneous pitch the value of which is more than one-half
the thickness of the cell, and the effective total torsion,
at rest, being substantially equal to 1/4-2 round angles.

P
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8. Eyewear according to claim 7, wherein the effective
total torsion, at rest, of the liqguid crystal through the
thickness of said cell is between 1/2 and 3/2 round angles.

9. Eyewear according to c¢laim 7, wherein said
alignment has an angle with the horizontal not greater than
25°.

10. Eyewear according to claim 7, wherein said

alignment has an angle with the horizontal between 2°-15°.

11. Eyewear according to claim 1 or claim 7, wherein
said voltage supplying means comprises means for supplying
voltage having an effective value higher than the threshold,
which does not contain any direct current components, and
which has a frequency sufficiently high te prevent passage
of ions into said liquid crystal.

12. Eyewear according to claim 11, wherein said means
for supplying electric voltage comprises an inductor which
is electrically resonant with the capacitances of said cell.

13. Eyewear according to claim 1 or claim 7, wherein
said voltage varying means comprises a manually operated
control.
Jeeas, 14. Eyewear according to claim 1 or claim 7, wherein
';i,' said voltage varying means comprises means sensitive to the
“etes”® intensity of ambient light.
‘g' LRI 15, Eyewear according to claim 1 or claim 7, wherein at

least one of said supports comptises means fotr absotbing
ultraviolet rays.
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16. Eyewear according to claim 1 or claim 7, wherein
said supports of said cell are curved lenses.

17. Eyewear according to claim 1 or claim 7, wherein
said lens comprises a continuous element of visor shape

extending across the eyes of a user.

18. Eyewear according to claim 1 or claim 7, wherein
said lens extends in front of only one eye of a user, and a
substantially identical lens extends in front of the other

eye of the user.

19. Eyewear or eyewear apparatus having adjustable
transparency, substantially as hereinbefore described with

reference to the accompanying drawings.
DATED this 26th day of June, 1991.

GIANNI BULGARI SpA

WATERMARK PATENT & TRADEMARK ATTORNEYS,

290 Burwood Road,
HAWTHORN. VIC. 3122
AUSTRALIA
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