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- | OPTI CAL CELL CONTROL SYSTEM Thi s

1nvent‘ron relates to a control systemfor an optical cell (also called a

light valve).

An optical cell may be formed by sandw ching a | ayer

of sensitive material between two parallel plates of rigid, generally
transparent sheet material, each plate having an electrically conducting
surface |l ayer facing the sensitive material. Exanples of constituents of
the sensitive material include suspended particles, liquid
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crystal s and a Iayer of electrochromc materi al . By applying or not
applying an electric potential across the facing plates the constituents
can.be switched between a state in which |ight can pass and a- *st—at—e—i—n-

which [ight is absorbed. Optical cells, including Oﬂtl cel S
having a control system according to the invention, can be u e?nrltephced
or in glazing panels for vehicles or buildings so as to prov

i ght transm ssion. For exanple they can bejused as a gl azi

adj ust abl e between an opaque and clear condition to limt solar

transm ssion or to conceal the interior of a roomor vehicle to provide
privacy therein. They can be usdptical celbicomtroelsystam or sunshine roof
panel or on an aircraft porthole. The control system of the
invention is particularly well suited for use with an optical cell used in
arear-viewmrror of a notor vehicle, and is described herein largely with

reference to that appli cghisORvention relates to a control system for an optical cell (also
called a light valve).

An optical cell may be formed by sandwiching a layer of sensitive
material between two parallel plates of rigid, generally transparent sheet material,

5 each plate having an electrically conducting surface layer facing the sensitive
material. Examples of constituents of the sensitive material include suspended
particles, liquid crystals and a layer of electrochromic material.

By applying or not applying an electric potential across the facing
plates the constituents can be switched between a state in which light can pass

10 and a state in which light is absorbed, scattered or reflected.

Optical cells, including optical cells having a control system
according to the invention, can be used in mirrors or in glazing panels for vehicles
or buildings so as to provide variable light transmission. For example they can be
used as a glazing panel adjustable between an opaque and clear condition to

15 limit solar transmission or to conceal the interior of a room or vehicle to provide
privacy therein. They can be used in a vehicle sun-visor or sunshine roof panel or
on an aircraft porthole.

The control system of the invention is particularly well suited for
use with an optical cell used in a rear-view mirror of a motor vehicle, and is

20 described herein largely with reference to that application.

The use of an optical cell in a rear view mirror is known for
example from French patent specification FR 2 366 958 (Brisard Gerard) so as to
provide a rear-view device in which the reflectivity varies as a function of the
degree of dazzle. Traditional vehicle rear-view mirrors with an anti-dazzle feature,

25 often called "prismatic" mirrors, have a "day" position and a "night" position, the
mirror position being changed manually by the vehicle driver between the day
and night positions. In the day position the degree of luminous reflectivity from a
rear-view mirror is required to be high, generally greater than 50%. In the night
position the reflectivity is limited to 12% or less, often about 4%, in order to

30 avoid dazzling of the driver by lights such as the headlights of following vehicles.

Optical cells offer a rear-view mirror with the possibility of
automatic adjustment according to the incident light conditions, adjusting from
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The use of an JpisiSeingeld, g.n a rear view nirror is known for exanple from
French® patent s i ' ¢d 366 958 (Brisard Cerard) so as to provide
a rear- view deyi he reflectivty varies as a function of the
degree of dazzle. vehicle rear-view mrrors with an anti-dazzle
feature, often called "prismatic" mrrors, have a "day" position and a
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5 thus provides a variable level of light reflection from the mirror to the driver. In
one preferred configuration the reflective layer is provided by one of the
electrically conducting layers being a material which is also reflective.
The level of light transmission or reflection through the optical cell
is adjusted by the control systern, which is activated by the external conditions.
10 The control system is desirably housed alongside the optical cell so as to form a
combined unit therewith. Traditional control systems have however been of a

bulk which has made for difficulties in miniaturising any unit of which they have

driver by

formed a part.
An object of the present invention is to provide a control system for

15 an optical cell which can be conveniently accommodated adjacent to the cell.

According to the invention there is provided a control system for an
optical cell, which system comprises a first circuit supplied by a low voltage power
source and including an oscillator and a primary winding of an induction coil and
further comprises a secondary -circuit which includes the optical cell and a

20 secondary winding of the aforementioned induction coil, characterised in that the
secondary circuit is a resonant circuit which includes the inductance of the
secondary winding and the optical cell, and the induction coil provides a weak
coupling between the primary and secondary windings.

The control system of the invention thus uses the inductance of the

25 secondary winding of the coil as the inductance of a resonant (oscillating) circuit.
The configuration made possible by the invention facilitates a significant
reduction in the bulk of the control system

A particular advantage of the system according to the invention is
that high voltages are confined to the secondary circuit, thereby providing a

30 system with a reduced number of components subjected to high voltages. Since
high voltages can create problems of safety and electromagnetic interference, the
limitation of high voltage to the secondary circuit is beneficial in reducing the
space occupied by high voltage components and in reducing the amount of
protective casing required to enclose them.

35 Several different types of optical cell are known. These include an
electrochromic optical cell or a liquid crystal optical cell or an electrodeposition
optical cell. In electrodeposition the passage of a current through a transparent
liquid containing 2 metallic salt causes the migration of metfallic ions to the

REPLACED

if THIS SHEET HAS BEEN l



211 ght S sumsg&ettﬁagBaﬂﬁg‘] ghts of follow ng vehicles. Opti cal

cells offer ror with the possibility of automatic adjustnent
according to ﬂﬂﬂ'ﬂUWl ght conditions,3adjusting fromday to night
positions an d to internedi ate vari ati ons between those

limts, thereby givi ng advant ages in terns of convenience and safety. The

cell is locat %&é fornidtion"sf E%leﬂﬂid t‘@at&ig; m 85561‘5? the
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reflective | ayg one.af the.electri,cal I conductin

r,ovi ded, b
being a mater |t§1"1l s‘mf%ﬁ a]\t reﬂ EB%/% %@plwdltlons such 'Fﬁe P eRIEPEIse PF dver>
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systemis desira ouse SI e optjca SO as

conbi ned unit W@hﬁ\ﬂ%ﬂ?edﬂféh? F‘F Vb\?dﬁW'HFVssﬁ»%"(ens have however been of a
bul k whi ch has made The preferred type of optical cell for use with the control system of

the invention incorporates a fluid suspension of dispersed minute particles

10 capable of orientation by an electrical field to change the transmission of light
through the suspension, such as described, for example, in United States patent
US 3655267 (Research Frontiers). These optlcal cells switch rapidly from a clear
state to a dark state. They also provxde a wide range of lummosnty Fluid
suspensions of herapathite in a suitable liquid such as iso-pentyl acetate are

15 preferred, although other types of particles can be used, such as graphite, mica,
garnet red, aluminium and periodides of alkaloid sulphate salts.

The plates of transparent material forming an optical cell are
typically located at a substantially uniform distance of about 50 um from each
other across the whole of their facing areas. If this distance is not maintained

20 within a tolerance of, for example, about 5 to 10 um the transparency of the cell
is not uniform and problems may also arise in short circuiting of the electrical field
between two adjacent points on the opposing faces. This uniform-distance
requirement imposes certain limits on the material from which the plates can be
formed. Thus although plastic materials such as polyethylene terephthalate can

25 be considered, difficulties may occur in maintaining the constant spacing between
the sheets of plastics material over the whole surface of the cell. In general it is
therefore preferred to employ glass sheets.

The faces of the plates facing each other in the cell are coated with
an electrically conducting material. The preferred coating material is indium tin

30 oxide (ITO), which is both conductive and transparent. The mirror surface of the
rear view mirror of which the cell may form a part can conveniently be provided
by a reflective layer of the face of one of the cell plates opposite to the
electrically-coated face. The material for any such reflective coating on the plates
is usually silver, chromium or aluminium.

35 When the cell forms part of a vehicle rear-view mirror, the reflective
mirror surface and the cell are located in a housing attached to the vehicle, for
example on the vehicle windscreen or a door. The circuit for controlling the
adjustment of the optical cell is positioned in or on the housing. Electrical
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for difficulties in mniaturising any unit of which they have fornmed a
part. ° An object of the present invention is to provide a control
system for an optical cell which can be corfveni ently acconmpdat ed adj acent
to the cell. According to the invention there is provided a control
system for an optical cell, which systemconprises a first circuit supplied

by a | ow vol t agsneeies aRPHES Hrotided 1! st the RoQsifg b FohhedthePopptidallBEN to

wi ndi ng of an | nduction coil "gnd further conprises a secondary circuit
whi ch incl ude Fﬁiecgffﬁl%te@é??lth%ﬂé“ﬁgsecondary wi ndi ng of the
af orenmenti oned i nducti onincihel cortitd IsgsteRy aciding tolthe ihtentier thedopticalicell us t
IS a resonant CiFCLuit I ch i.ngl s, the i ne t con .
i ndi ng- and ¢ HECIEEl PR et i, nENGRRY Sfindibe 9 366 IEn o
coupl i ng bé& wagwnvides spbstantizilnall of dberiddustanter of tlpe secondary (resopant) ntirouit.
system of the 4 | : ' t £ ﬁg#én Malely
of the coil aSTI‘Elﬁgp%lr% up{egﬁlgaeh{z %_lmp g%‘?]lgﬁf a?g;g%t g{vig né’? crr %g’lé%ﬁd@?he i
confi gur at i on Grealer stability|than,a spdes gyt bhe focti that dhe Inductionreil Prpvides
reduction in substantially the whole of the inductance of the resonant circuit ensures a slight
bulk for the control system. .
10 The term "weak coupling” is used herein, with reference to the
magnetic coupling between the primary and secondary coil windings, to mean a
coupling akin to that of a transformer but differing in that inductance leakage is
deliberately increased. The coupling coefficient K can be calculated by the

formula:
M

15 K=
,/Lp.Ls
in which Ly, is the inductance of the primary winding, L is the
inductance of the secondary winding and M is the mutual inductance. For the
purposes of the invention the coil should preferably have a coupling coefficient of
less than 0.7, most preferably less than 0.5.
20 The coupling should be weak so as to reduce the influence of the

primary circuit on the impedance of the secondary circuit, while being sufficient
to transfer the energy necessary to initiate and maintain the resonance in the
secondary circuit. Thus the energy is introduced by the bias of the coil, while
avoiding disturbance to the characteristics of the secondary circuit.

25 The coil according to the invention is thus not constructed as a true
transformer, in which as strong a coupling as possible is generally required, and
instead functions as a poor transformer. The "weak coupling" coil of the invention
does not have the purpose of a true transformer to transfer energy with the
smallest possible losses.

30 The magnetic core of the induction coil is preferably constructed to
provide a magnetic resistance to the passage of flux in the magnetic circuit which
it forms. This is conveniently achieved by including a gap in the path of the lines
of magnetic flux through the magnetic core. The gap is formed of a non-magnetic
material, for example air or more usually a resin or plastic material. The size of

35 the gap in the magnetic core is preferably at least 0.1 mm, most preferably at
least 0.2 mm.
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the bul k of the control system

3 ' Several different types of optic cell are known. These include
an el ectrochromc optical cell or a liquid¥rystal optical cell or an
el ectrodeposition optical cell. In electrodeposition, the passage of a

current through a transparent liquid containing a metallic salt causes the
mgration of nmetallic ioThge ts@céﬁ&zl&rﬁ:aﬁ%réﬁdkf%él'e”ﬁcﬁvé%e?@?tcf QcHRdte Ghe Of
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secondary circuit itself, in that the impulses in the system are continuously and
automatically adjusted to the resonant frequency of the secondary circuit. This is
5 preferably achieved by constructing the electrical circuit in such a way that the
secondary (resonant) circuit is an element which acts directly on the oscillating
circuit and thus itself imposes the operational frequency.
In the case of a cell with a suspension of electrically orientable
particles the frequency is typically of the order of 8 to 25 kHz, often in the range
10 16 to 25 kHz. The use of such alternating current avoids migration of suspended
particles across the narrow distance between the adjacent plates, which migration
would adversely affect the uniform opacity or clarity required from the cell. The
frequency should be chosen to avoid audible frequencies.
In a system in which the frequency is imposed by the oscillator in
15  the primary circuit, but not in the case of an auto-oscillating circuit, the frequency
must be initially adjusted to the resonant frequency determined by the set-up of

the cell circuit for each cell.

The control system of the invention offers the advantage that only

a small amount of energy is needed to sustain the required resonance. A specific

20 further advantage of the system according to the invention is that if the cell is
broken the current may be retained within the circuit but with a much lower
voltage.

The coil comprises a conventional core, typically of soft iron. The
size of the core is preferably such as to fit within the housing of a rear-view mirror

25 including the optical cell, the core being located behind the mirror relative to the
vehicle driver.

The primary and secondary windings of the coil preferably do not
overlap each other. Thus the primary winding is preferably formed around one
portion of the core and the secondary winding around another portion of the

30 core. This non-overlapping configuration also assists in providing the weak
coupling between the windings and is of further benefit in making the system
sufficiently small to fit into the mirror housing.

The primary winding preferably comprises less than 100 turns
around the core, more preferably 10 to 80 turns and most preferably 40 to 80

35 turns. The secondary winding typically comprises 140 to 300 turns. The winding
(transformation) ratio is thus typically of the order of 3 to 4 : 1. The main factor
in achieving the required voltage across the cell is, however, not the winding ratio

but rather the over-voltage in the secondary circuit. The said over-voltage is a
R
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el ectrodeposition optical cells and el ectrochronmic optical cells are
general’ly transparent at rest, but the return to a state of clarity from an
opaque excited state may take sone tine, evln a matter of hours, and thus
the switching speed of the cell may be relatively slow The
preferred type of optical cell for use with the control system of the
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of about 50 umtd espilAchintd Resinasdidalswave inviid secondary circuit is facilitated by the

weak magnetic coupling in the induction ¢oéil. The voltage applied across the

10 optical cell can be controlled by adjustment of the quantity of energy emitted by
the oscillator in modulating the size of pulse, for example by changing its
duration, or alternatively can be controlled by adjustment of the voltage peaks in
the primary circuit. _

The system preferably includes one or more feedback lines from

15 the secondary circuit to the first circuit. This offers the advantage of adjusting the
oscillator in response to the electrical parameters found on the optical cell.

Thus a feedback line can be provided to regulate the voltage in the
secondary circuit and thereby to ensure at all times the required voltage across
the optical cell for a required level of darkening of the cell. Alternatively or in

20 addition the or a feedback line can also regulate the frequency acting on the
oscillator frequency in the first circuit to ensure at all times the operational
frequency of the secondary circuit at the resonant frequency thereof.

A reactive loop can be created which detects whether the
operational frequency of the secondary circuit is truly the resonant frequency of

25 the secondary circuit and sends any required correcting signal to the oscillator in
the primary circuit to adjust its frequency so as to obtain resonance in the
secondary circuit,

If the operational frequency is not the same as the resonant
frequency of the secondary circuit, the over-voltage is lower and the active

30 energy consumption is increased. To obtain good operations it is therefore
advantageous to ensure that the operational frequency is equal to the resonant
frequency, although control of the difference between the operational frequency
and the resonant frequency may also, to some extent, control the voltage applied
to the cell by controlling the over-voltage factor.

35 In one embodiment of the invention the secondary circuit includes
at least one capacitor in parallel with the optical cell. In general it is preferred to
employ two or more such capacitors in series with each other. The use of
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of their faci riGhissSheeHas Bedn Repthgg di St ance is not maintained within a

tol erance of, f out 5 to 10 [err]mthe transparency of the
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coati ng mat&r i aptical celiaif aam altematingleurrent supply. For a cell with suspended orientable
particles a voltage of up to about 125 V may be required, the voltage is applied
between the conductive surfaces of the cell to generate an electrical field which
orients the particles in a manner to allow the passage of light. In order to vary the
luminous reflectivity or transmissivity of the optical cell, it is sufficient to vary the
10 current voltage applied to the optfical cell. One may also vary the frequency, but
this is less efficient. The variation in luminosity is largely proportional to the
applied voltage, up to a saturation limit. In the absence of an electrical field, the
particles are subject to Brownian movement and thus restrict the passage of light
through the cell. In the presence of a weak field, the particles tend to align with
15  the field but continue to oscillate about their mean position such that some light
absorption light occurs. It is necessary to reach a certain threshold value for the
electrical field, for example corresponding to a voltage of about 100V, in order
for the particles to be substantially fully aligned in the field and thus for minimum
absorption of light to occur.
20 The control system is preferably regulated by at least one photo-
sensitive optical device which detects the incident light falling on the optical cell.
Advantageously, at least two such light detection devices are employed, the first
being positioned to monitor potentially dazzling light coming from the rear of the
vehicle and the second being positioned to monitor the ambient light level, for
25 example the light coming through the windscreen, light reflected by the roof of
the vehicle or light diffused by a transparent roof of the vehicle.

The control relies on the principle that a signal proportional to the
light level detected by the photo-sensitive optical device, or on the difference in
light levels detected by two such devices, is employed to act upon the oscillator in

30 the primary circuit so as to adjust the voltage applied across the terminals of the
optical cell, and thus the opacity of the cell.

Where, in addition to an internal rear-view mirror, one or more
exterior rear-view mirrors are provided, the transmissivity and/or the reflectivity
characteristics of the external rear-view assembly may be controlled by the same

35 electronic circuit provided for the control of the internal rear-view assembly, to
provide simultaneous adjustment of the transmissivity and/or reflectivity
characteristics. However, because of the scope for miniaturisation and the small
power consumption of control systems according to the invention, it is possible to
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4. (ITO, which is both conductive and transparent. The mirror surface of
the rear viewmrror of which the cell may forma part can conveniently be
provi ded by a reflective layer of the face &f one of the cell plates
opposite to the electrically-coated face. The material for any such
reflective coating on the plates is usually silver or alum nium

When the cell for art of a vehicle rear-view,m.Lr h ef, t.|
mrror surf acemngggt%éeB@’Iaie &P@g?to@?feéﬂ lpne%c}hgﬂgﬂ’%d%gﬁr%cﬁ%ig‘ £ gaf ﬁgiﬁgrate
vehicle, for esystepisceanh ohéhe ehimorse isnthedeby edjusted accrding ®hdhe ispecifie ligbt

controlling t %n@ﬂ}dfﬁtfgmﬂéuggntiﬂe optical cell is positioned in or on the
housi ng. El ectrical connettors are also provided . in or on the housing.to

connect the optical cel | The inventionds further desaibed bglowy &y, waY Qicnon-limiting
5 example, with reference to the accompanying drawings, in which:

Figure 1 is a circuit diagram of one version of control system
according to the invention and intended for use in a motor vehicle;
Figure 2 is a sectional view of an induction coil used in the

system; and :
10 Figure 3 is a different sectional view of the Figure 2
induction coil, the section being taken along the line A-A' of Figure 2.
The illustrated control system includes a first circuit 1 comprising a
12 volt DC battery 3, an oscillator 4 and a primary winding 11 of an induction
coil having a magnetic core 10. The system further includes a secondary circuit 2
15  which includes the secondary winding 12 of the induction coil, an optical cell 14
and a capacitor 16 in parallel with the optical cell 14. The induction coil is shown
diagrammatically in Figure 1 and in greater detail in Figures 2 and 3.
The battery 3, which supplies low voltage power to the oscillator 4,
is the electrical source for the whole of the electronic circuit. Apart from the
20 battery 3 there is provision for components to impose negative and positive
reference voltages upon certain parts of the circuit. The first of these components
is a DC-DC converter 3' in the line from the battery 3 to the oscillator 4.
The oscillator 4 has an associated actuation means 5, in this
instance simply a potentiometer, which serves to adjust the frequency of the
25 oscillator 4. In an alternative configuration the actuation means 5 is replaced by
a frequency feedback means 5' (shown by dotted lines in Figure 1) which detects
the frequency in the secondary circuit and adjusts the oscillator 4 to this
frequency. This alternative offers the benefit that the oscillator frequency is
automatically adjusted to be always at the frequency of the secondary circuit.
30 The optical cell 14 is of the type which incorporates a liquid
suspension of minute solid particles capable of orientation by an electric field.
The capacitor 16 is preferably formed by four capacitors in series.
The system further includes a control circuit, indicated generally by
the numeral 30, which includes two photo-electric light detection devices 32 and
35 33 linked to a detector control unit 34. A reference voltage is applied to the unit
34. A detector signal line 35 leads from the unit 34 to a signal comparison unit
40. The circuit 30 further includes an operational amplifier 36 with a feedback

S ————
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Im the control system according to the invention t Abis8ipttiHagBees Rbglacks
preferably connected directly to the secondary w ndi - ijfluct i on
coi |, provides substantially all of the induRtance of HHEN

(resonant ) circuit. This parallel resonant circuit prov ater
vol tage coefficient and greater stability than a series circuit. The fact
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smal | est possi glsﬁolv?xsi%egsr'eater detail in the sectional views of Figures 2 and 3. The magnetic

10 core 10 is formed of two facing E-shaped ferrites with a plastic spacer 13 between
them. The spacer 13 provides resistance to the passage of flux in the magnetic
circuit of the core 10. The secondary winding 12 is disposed around the central
arm formed by the opposing central bars of the E-shaped ferrites, whereas the
primary winding 11 is disposed around the opposing bars at one end of the

15 ferrites.

The control system as a whole is mounted in a housing (not shown)
and can be connected through the vehicle wiring harness to the 12 volt battery 3.
In use, the light detector 32 is positioned to detect the ambient light
conditions, for example by capturing light from the front of the vehicle and/or

20 light reflected by the roof, and the light detector 33 is positioned to detect light
from the rear of the vehicle. The detector control unit 34 includes a difference
detector which compares the signals from the light detectors 32 and 33 and feeds
to line 35 a signal proportional in strength to the excess of the intensity of the
rear-received light (33) over the ambient light (32). Any dazzling light impinging

25 on the detector 33 sends a corresponding signal to the difference detector. The
line 37 carries a signal proportional to the voltage of the secondary circuit 2. The
signal sent by the control unit 34 via the line 35 is compared in the comparison
unit 40 with the signal from the line 37 which indicates the secondary voltage and
the comparison unit 40 in turn sends a control signal to the operational amplifier

30 36 via the line 38. This control signal takes into account the level of dazzle and
the voltage actually applied across the optical cell. It would similarly be possible
o include a further feedback means to provide a second control loop to feed
back to the oscillator 4 the established frequency of the cell 14 (as shown in
dotted lines by feedback means 5').

35 The signal from line 38 is amplified by the amplifier 36 to stimulate
the oscillator 4 to generate a pulsed wave (although a sinusoidal wave or a
square wave are possible variants) of low voltage AC in the primary circuit 1. This
wave in turn induces through the coil a higher voltage in the secondary circuit 2
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The magnetic core of the induction coil is preferably constructed to

provi de a nmagnetic resistance to the passaq of flux in the magnetic
circuit which it fornms. This is convenientl§ achi eved by including a gap in
the path of the lines of magnetic flux through the magnetic core. The gap
I's formed of a non-magnetic material, for
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AC, thus permitting the application to the cell 14 of a voltage to give partial or full
alignment of its suspended particles. Full alignment provides the maximum light

5 transmission through the cell 14 and thus the maximum reflectivity of the rear-
view mirror of which the cell 14 forms a part.

If the ambient light detector 32 observes good daylight or a high
level of artificial light and the rear-facing detector 33 observes similar conditions
then the difference between the respective photo-electric signals is small and the

10 unit 34 sends a signal via lines 35 and 38 and the amplifier 36 to activate the
oscillator 4 and to generate a cell-activating voltage in the secondary circuit 2.
The comparison unit 40 is informed via line 37 of the voltage actually produced
in the secondary circuit and adjusts the command signal sent via line 38 so as to
obtain the maximum voltage across the cell 14.

15 The oscillator 4 converts the 12 volt battery voltage to an AC
voltage and a voltage of 120 volts AC is achieved in the secondary circuit 2. The
AC frequency of the oscillator 4 is adjusted to the resonant frequency of the
secondary circuit 2 by external action from the means 5 on the oscillator 4 and is
normally about 20 kHz. This adjustment can be easily achieved by measuring the

20 active current in the secondary circuit. When the frequency varies, the current
follows a curve which passes through a minimum. The resonant frequency is
achieved when the current is at the minimum. This 120 volt maximum voltage in
the secondary circuit 2 produces full alignment of the suspended particles in the
cell 14.

25 As an alternative the frequency feedback means 5 provides a
frequency control for the oscillator 4.

If the ambient light detector 32 observes dull or night-time
conditions and the rear-facing detector 33 observes similar conditions then the
difference between the respective photo-electric signals is again small. The unit

30 34 again sends a signal via lines 35 and 38 and, as described above, again
achieves the highest level of cell clarity and mirror reflectivity.

If, however, the ambient light detector 32 observes dull or night-
time conditions and the rear-facing detector 33 observes a dazzling full-beam
headlight then the difference between the respective photo-electric signals is large

35 and the unit 34 sends a corresponding signal to the amplifier 36. In this situation
no voltage is produced in the induction coil 11/12 and no voltage in the cell 14.
In the absence of a voltage in circuit 2 the cell particles adopt a random
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The secondary circuit provides the reactive energy to activate the optical
cell. The operational frequency of the system can be inposed by the
secondary circuit itself, in that the inpulldes in the systemare
continuously and automatically adjusted to the resonant frequency of the
secondary circuit. This is preferably achieved by constructing the

. L cuit i
an el erent uhi SEPeiach Jéflefind e bpflopaliie HFkd Rickichd RS RRAGE teRckvly to 1B
| nposes the op@?"@ﬁ“@ﬁ%l} frequency. In the case of a cell with a
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correspondingly reduced. Under these conditions the secondary circuit voltage
10  gives only partial alignment of the suspended particles in the cell 14, creating an
intermediate level of opacity in the cell 14 and an intermediate level of reflectivity
of the mirror as a whole.

If desired the ambient light detector 32 can be provided with a time
delay component (not shown in the Figures) so that the cell 14 is not returned

15 prematurely to the clear condition by the lights of a passing vehicle which briefly
raise to a high level the ambient light reaching the detector 32.

In a typical example of a control system according to the invention
the cell 14 had a capacity of 11 nF and the condenser 16, formed of four 22 nF
condensers connected in series, thus had a capacity of 5.5 nF. Each E-shaped

20 fernrite measured 25 mm (height) x 13 mm (width) x 8 mm (depth) and was made
of material 3C8. The induction coil had 66 turns in the primary circuit (1) on one
portion of the core, 240 turns in the secondary circuit (2) on another portion of
the core, and a gap of 2.5 mm in the magnetic circuit. The primary winding 11
had an inductance L, of 0.318 mH, the secondary winding 12 had an

25 inductance Lg of 6.31 mH and the mutual inductance M was 0.6 mH. The
coupling coefficient K of the induction coil, calculated by the formula quoted
above, was 0.423. .

In a variation of the above arrangement the secondary circuit can
be an auto-oscillating circuit. In this alternative the secondary (resonant) circuit

30 imposes the operational frequency on the oscillator.
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circuit for each cell. The control system of the invention offers
t he advantage that only a small anobunt of energy is needed to sustain the

requi red resenahce—A-speecifie further advaat age of the systemaccording to

the invention is that if the cell is broken the current nay be retained

within the cihjsSheettasBeenRenlscedy much | ower vol t age. The coi |

conprises a c Bfire, typically of soft iron . The size of the

core is prefe to fit withi wwusing of a rear-view mrror
[

including the optical cell, the core be ted behind the mrror
relative to the vehicle driver. The primary and secondary w ndi ngs

s preferably formed ar dind REEh SRRt o BBhkal Lot b SueHT Pl 419
wi ndi ng ar oundirstraitchidrsupplied dy aflowheoltageepower source-ansl, indudipg e oscillator
configuration 59 Rt Rindihd 6P $hAhBbchidtf c¥f AhdCRI ey MOrk5Hes Wsdddhdary
circuit which includes the optical cell and a secondary winding of the
5 aforementioned induction coil, characterised in that the secondary circuit is a
resonant circuit which includes the inductance of the secondary winding and the
optical cell, and the induction coil provides a weak coupling between the primary
and secondary windings.

2. A control system as claimed in claim 1, in which the optical

10 cell is connected directly to the secondary winding and the induction coil
provides substantially all of the inductance of the resonant circuit.

3. A control system as claimed in any claim 1 or claim 2, in
which the induction coil comprises a magnetic core which provides a magnetic
resistance to the passage of flux in the magnetic circuit which it forms.

15 4. A control system as claimed in claim 3, in which the magnetic
core includes a gap in the path of the lines of magnetic flux. _

5. A control system as claimed in claim 4, in which the gap in
the magnetic core is at least 0.1 mm.

6. A control system as claimed in claim 5, in which the gap in

20 the magnetic core is at least 0.2 mm.

7. A control system as claimed in any preceding claim, in which
the primary and secondary windings of the coil do not overlap each other.

8. A control system as claimed in claim 7, in which the primary
winding is formed around one portion of a magnetic core and the secondary

25 winding is formed around another portion of the magnetic core.

9. A control system as claimed in any preceding claim, in which
the primary winding comprises less than 100 turns.

10. A control system as claimed in claim 9, in which the primary
winding comprises 10 to 80 turns.

30 11. A control system as claimed in claim 10, in which the primary
winding comprises 40 to 80 turns.

12. A control system as claimed in any preceding claim, in which
the secondary winding comprises 140 to 300 turns.

13. A control system as claimed in any preceding claim, in which

35 the coupling coefficient of the induction coil is less than 0.7.

I



6 wi'ndings and 75 Of further benefit in making the systemsufficiently

small to fit int ' I ng. The primary w nding
preferably COWr‘Mﬂﬂuﬁmmnwﬂﬂ 0 turns arl&nd the core, nore preferably
10 to 80 turns a nost. pmererably 20 to 50 turns. For use on a vehicle
with a 12 V battery and to achieve the 120 V maxi num vol t age across the

cell, as discussed furthep bﬂl&%ﬁg%ﬁ%gﬁ@r&d% @Quﬁ?]_e:@r{l,ﬁg}%ﬁﬂ{g@dd})h re
thasy

turns than the primary w nding.. n i'nac e require
vol t age acr ossceefficieri of the industioncoil is less O%ol tage in the secondary

circuit, which is a funcsonAontrol system as claimed in any preceding claim, in which
the voltage across the optical cell is adjusted by modulating the size of energy
5 impulses applied to the primary winding.

16. A control system as claimed in any preceding claim, which
includes at least one feedback line from the secondary circuit to the first circuit.

17. A control system as claimed in claim 16, in which the or a
feedback line regulates the voltage in the secondary circuit to ensure at all times

10 the required voltage across the optical cell for a required level of darkening of the
cell.

18. A control system as claimed in claim 16 or claim 17, in which

“ the or a feedback line regulates the frequency acting on the oscillator frequency
in the first circuit to ensure at all times the operational frequency of the secondary

16 circuit at the resonant frequency thereof.

19. A control system as claimed in any preceding claim, in which
the secondary circuit includes at least one capacitor in parallel with the optical
cell.

20. A control system as claimed in claim 19, in which the

20 secondary circuit includes, in parallel with the optical cell, two or more capacitors
arranged in series with each other.

21. A control system as claimed in any preceding claim, in which
the resonance of the secondary circuit establishes the oscillation in the first circuit
and thereby determines the operational frequency of the system.

25 22. A control system as claimed in any preceding claim, which is
regulated by at least one photo-sensitive optical device which detects the incident
light falling on the optical cell. | '
23. A control system as claimed in claim 22, which includes two

photo-sensitive optical devices, one positioned to monitor potentially dazzling
30 light coming from the rear of the vehicle and the other to monitor the ambient
light level.

24. A control system as claimed in any preceding claim, in which
the optical cell is of the type which incorporates a fluid suspension of dispersed
minute particles capable of orientation by an electrical field to change the

35 transmission of light through the suspension.

25. A control system as claimed in any preceding claim, in which

the optical cell is part of a rear-view mirror of a motor vehicle.
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t he capacity, the inductance and the resistance of the-elements—whieh——
constitute the secondary circuit. The ability to use the over-voltage in

t he .secondary circuit to achieve the requirbl voltage aﬁﬂl'ﬂlﬂﬂ“ﬂﬂﬂ!"@la
particul ar advantage of the invention. The i mpull SESE

the oscillator in the primary circuit are typically of square wave
configuration, but wheth t e S Si iskal rm
in the secondary, circ itgi_B's g‘ué%‘?%ﬁt?% y_SI ntégtg?%alﬁ.a%%n\ﬁel{r&gi %ﬁ%g?{ea
square wave geMithin the hgusingofiheirearvigw mirer. a si nusoi dal wave in the

_segonflary ci _rf:ui tThi S f?c;QVitxeldnbzgl tsbaewe@tsheﬁaﬂeaiﬁ. %mll | i anle@h the

i nduction coil, vol tage applied acfpss the Jcal.c can be
control | ed by Q}ﬂ“ﬁg??rﬁﬂ{l c&r[nptnggs {69 ‘i"[’&‘;?‘d? S%%?Cgb{ Within the hrusing.of the rear-
oscill ator §n wedumirromg the si ze of pulse, for exanple by changing its
duration, or alternatively can be controlled by adjustnent of the voltage
peaks in the primary circuit. The system preferably includes one or

nore feedback lines fromthe secondary circuit to the first circuit. This
of fers the advantage of adjusting the
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oscill'ator in response to the electrical paraneters found on the optical
cell. .~ Thus a feedback |ine can be provided to regulate the voltage
in the secondary circuit and thereby to endbre at all tinmes the required
vol tage across the optical cell for a required | evel of darkening of the
cell. Alternatively or in addition the or a feedback |ine can also regul ate
the frequency acting on the oscillator frequency in the first circuit to
ensure at all tinmes the operational frequency of the secondary circuit at

t he resonant frequency thereof.

ABSTRACT

Optical cell control system

A control system for an optical cell (light valve) is provided which comprises a first
(oscillator) circuit supplied by a low voltage power source and including a
primary winding of an induction coil and a secondary (resonant) circuit which
includes the optical cell and a secondary winding of the induction coil. The
secondary circuit includes the inductance of the secondary winding and the
optical cell, and the induction coil provides a weak coupling between the primary
and secondary windings. The resonant circuit provides a large over-voltage
coefficient and great stability and the configuration made possible by the
invention facilitates a significant reduction in the bulk of the control system.
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A'reactive | oop can be created which detects whether the operational
frequehcy of the secondary circuit is truly the resonang ¢fy eBIEES pO OHEA 0
‘'secondary circuit and sends any required correcting signal to the '
oscillator in the primary circuit to adjust itﬁ ;requency SO as to obtain
resonance in the secondary circuit. | f { e operational frequency is
not the sanme as the resonant frequency of the secondary circuit, the
over-voltage is |ower and the active ener consunption is increased. To
obtain good operations it is therefore adgant®geous to erggire that the
operational frequency is equal to the res nt frequencyy although control
of the difference between the operg&ional equency arsf t he._r esonant .
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The control systemof the invention is applicable to a varie 3EBLAGEWNIE L
types of optical cell. The control systemregul ates the provisfon to -
~optical cell of an alternating current supply. For a cell with sgq)dpg?ﬁ@m
orientable particles a voltage of up to out 125 V may be rfequired, '
voltage is applied between the conductive surfaces of the cell
an electrical field which oigeReaLt Lgacb'm}mgl_ig\%?rmnner 0 allow the
passage of light. In order to vary the lum nous reflectivity or

transm ssivity of the optical cell, it is sufficient to vary the current
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to the appjdl@s). vol tage up to a saturation limt. In the absence of an
electrical field, the particles are subject to Browni an novenent and thus
restrict the passage of |ight through the cell. In the presence of a weak
field, the partfelop§calesel may e fgrmed dy sandwighing) ajayercefigensitivetpatssial | | at e

about thei 111 ' ' ' It
s necessarsEaH @3drafd piute dr i, SRRl AinsBARGH: Bl it i, S it
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crystals and a layer of electrochromic material.

By applying or not applying an electric potential across the facing plates the
constituents can be switched between a state in which light can pass and a state in

which light is absorbed.

Optical cells, including optical cells having a control system according to the
invention, can be used in mirrors or in glazing panels for vehicles or buildings so as
to provide variable light transmission. For example they can be used as a glazing
panel adjustable between an opaque and clear condition to limit solar transmission
or to conceal the interior of a room or vehicle to provide privacy therein. They can
be used in a vehicle sun-visor or sunshine roof panel or on an aircraft porthole.

The control system of the invention is particularly well suited for use with an
optical cell used in a rear-view mirror of a motor vehicle, and is described herein

largely with reference to that application.

The use of an optical cell in a rear view mirror is known for example from
French patent specification FR 2 366 958 (Brisard Gerard) so as to provide a rear-
view device in which the reflectivity varies as a function of the degree of dazzle.
Traditional vehicle rear-view mirrors with an anti-dazzle feature, often called
"prismatic" mirrors, have a "day" position and a "night" position, the mirror position
being changed manually by the vehicle driver between the day and night positions.
In the day position the degree of luminous reflectivity from a rear-view mirror is
requi‘_;‘ed to be high, generally greater than 50%. In the night position the reflectivity
is limited to 1.’0% or léséj often about 4%, in order to avoid dazzling of the driver by
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phot o- sensitive optical device which detects the incigdept |ight talTi
the optical cell. Advantageously, at least two such ||gpt(deFegtemn devj ces
are enpl oyed, the first being positioned 40 nonitor pptentially dazzlj
light comng fromthe rear of the vehicle and the secpnd—bermng =t

to moni t or igh® saei e ithe hiealilight® # holloig efigRise the Thant coming through

t he wi ndscreen, light reflec y the Toof of the

Optical cells offer a rear-view mirror with the possibility of automatic
adjustment according to the incident light conditions, adjusting from day to night
positions and vice versa and to intermediate variations between those limits, thereby
giving advantages in terms of convenience and safety. The cell is located adjacent
and parallel to the reflective surface of the mirror and in the line of sight between the
reflective surface and the vehicle driver. The cell thus provides a variable level of
light reflection from the mirror to the driver. In one preferred configuration the
reflective layer is provided by one of the electrically conducting layers being a
material which is also reflective.

The level of light transmission or reflection through the optical cell is adjusted
by the control system, which is activated by the external conditions. The control
system is desirably housed alongside the optical cell so as to form a combined unit
therewith. Traditional control systems have however béen of a bulk which has made
for difficulties in miniaturising any unit of which they have formed a part.

An object of the present invention is to provide a control system for an optical

cell which can be conveniently accommodated adjacent to the cell.

According to the invention there is provided a control system for an optical

cell, which system comprises a first circuit supplied by a low voltage power source

and including an oscillator and a primary winding of an induction coil and further
comprises a secondary circuit which includes the optical cell and a secondary
winding of the aforementioned induction coil, characterised in that the secondary
circuit is a resonant circuit which includes the inductance of the secondary winding
and the optical cell, and the induction coil provides a weak coupling between the
primary and secondary windings.

The control system of the invention thus uses the inductance of the
secondary winding of the coil as the inductance of a resonant (oscillating) circuit.
The configuration made possible by the invention facilitates a significant reduction in
the bulk of the control system.
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vehicle or light diffused by a transparent roof of the vehicl e} Tire
control relies on the principle that a signal proportional to r4 ?P 01
| evel detected by the photo-sensitive optical device, or on the idi erené@
in light levels detected by two such deviges, is enployed to act tpen-t-he
oscillator in the primary circuit so as to adjust t he vol t age applled
across the ter nsaq s aferdt (HRd oot bell BREINAWS. THEsERAGAY ol CTETTett
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each of t helectrodepocsition optivatbglisnand etestroakbromidiopiicalocellacare genefally | i ght

transparent at rest, but the return to a state of clarity from an opaque excited state

may take some time, even a matter of hours, and thus the switching speed of the

cell may be relatively slow.

The preferred type of optical cell for use with the control system of the
invention incorporates a fluid suspension of dispersed minute particles capable of
orientation by an electrical field to change the transmission of light through the
suspension, such as described, for example, in United States patent US 3655267
(Research Frontiers). These optical cells switch rapidly from a clear state to a dark
state. They also provide a wide range of luminosity. Fluid suspensions of
herapathite in a suitable liquid such as iso-pentyl acetate are preferred, although
other types of particles can be used, such as graphite, mica, garnet red, aluminium
and periodides of alkaloid sulphate salts.

The plates of transparent material forming an optical cell are typically located
at a substantially uniform distance of about 50 um from each other across the whole
of their facing areas. If this distance is not maintained within a tolerance of, for
example, about 5 to 10 ym the transparency of the cell is not uniform and problems
may also arise in short circuiting of the electrical field between two adjacent points
on the opposing faces. This uniform-distance requirement imposes certain limits on
the material from which the plates can be formed. Thus although plastic materials
such as polyethylene terephthalate can be considered, difficulties may occur in
maintaining the constant spacing between the sheets of plastics material over the
whole surface of the cell. In general it is therefore preferred to employ glass sheets.

The faces of the plates facing each other in the cell are coated with an
electrically conducting material. The preferred coating material is indium tin oxide
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conditions falling upon it. The invention is further’dbsc__ri bed

bel ow, by way of exanple, with reference to the acconpanyi ng|df aliShgEBhzamh
is a circuit diagramof one version of control system accord{nfj to the

i nvention and intended for use in a notor,vehicle. The 1TTustrated
systemincludes a first circuit 1 conprising an oscillator 4.and_a prinary
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i ncl udes 1 attery 0 supp ow vol tage power e
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circuit 2
The material for any such reflective coating on the plates is usually silver or

aluminium.

When the cell forms part of a vehicle rear-view mirror, the reflective mirror
surface and the cell are located in a housing attached to the vehicle, for example on
the vehicle windscreen or a door. The circuit for controlling the adjustment of the
optical cell is positioned in or on the housing. Electrical connectors are also
provided in or on the housing to connect the optical cell to the electrical system of
the vehicle.

In the control system according to the invention the optical cell is preferably
connected directly to the secondary winding and the induction coil provides
substantially all of the inductance of the secondary (resonant ) circuit. This parallel
resonant circuit provides a greater voltage coefficient and greater stability than a
series circuit. The fact that the induction coil provides substantially the whole of the
inductance of the resonant circuit ensures a slight bulk for the control system.

The magnetic coupling in the coil should be as weak as possible so as to
reduce the influence of the primary circuit on the impedance of the secondary circuit,
while being sufficient to introduce the energy necessary to maintain the resonance in
the secondary circuit. Thus the energy is introduced by the bias of the coil, while
avoiding disturbance to the characteristics of the secondary circuit.

The coil according to the invention is thus not constructed as a true
transformer and instead functions as a poor transformer. The "weak coupling" coil
of the invention does not have the purpose of a true transformer to transfer energy
with the smallest possible losses.

The magnetic core of the induction coil is preferably constructed to provide a
magnetic resistance to the passage of flux in the magnetic circuit which it forms.
This is conveniently achieved by including a gap in the path of the lines of magnetic
flux through the magnetic core. The gap is formed of a non-magnetic material, for
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9 12 of the induction coil, an optical cell 14 and a capacitor Io6 T

paralle with the - optical cell 14. The optical cell 14 is of |the; kype a1
whi ch incorporates a |iquid suspension of minute solid partfcles capabfe'o
orientation by an electric field. The capacitor 16 is prefefabty—Forred-by.
four capacitors in series. The syStem further includes a control
circuit, g I ahi i ' :
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anplifier 36 w '

h a feedback circui.t 39. A cgll-operatio etector. |ine 37
ends. from he TOR SRECAE &Pk PLYdaR e RBES SRETGH 10 Sr0vate B dhtieat osl.
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provided with an external actuation source 41 (for exanple a potentiomneter
to set a titgedfs Hbthat g knpylges in the system are continuously and automatically adjusted

to the resonant frequency of the secondary circuit. This is preferably achieved by

constructing the electrical circuit in such a way that the secondary (resonant) circuit

is an element which acts directly on the oscillating circuit and thus itself imposes the

operational frequency.

In the case of a cell with a suspension of electrically orientable particles the
frequency is preferably of the order of 16 to 25 kHz. The use of an alternating
current avoids migration of such suspended particles across the narrow distance
between the adjacent plates, which migration would adversely affect the uniform

opacity or clarity required from the cell.

In a system in which the frequency is imposed by the oscillator in the primary
circuit, but not in the case of an auto-oscillating circuit, the frequency must be
initially adjusted to the resonant frequency determined by the set-up of the cell
circuit for each cell.

The control system of the invention offers the advantage that only a small
amount of energy is needed to sustain the required resonance. A specific further
advantage of the system according to the invention is that if the cell is broken the
current may be retained within the circuit but with a much lower voltage.

The coil comprises a conventional core, typically of soft iron . The size of the
core is preferably such as to fit within the housing of a rear-view mirror including the
optical cell, the core being located behind the mirror relative to the vehicle driver.

The primary and secondary windings of the coil preferably do not overlap
each other. Thus the primary winding is preferably formed around one portion of the
core and the secondary winding around another portion of the core. This non-

overlapping configuration also assists in providing the weak coupling between the
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the cell is, however, the over-voltage in the secondary circuit, which is a function of

the capacity , the inductance and the resistance of the elements which constitute the
secondary circuit. The ability to use the over-voltage in the secondary circuit to
achieve the required voltage across the cell is a particular advantage of the
invention.

The impulses generated by the oscillator in the primary circuit are typically of
square wave configuration, but whether they are square wave or sinusoidal the
wave form in the secondary circuit is substantially sinusoidal. The conversion of a
square wave generated by the oscillator into a sinusoidal wave in the secondary
circuit is facilitated by the weak magnetic coupling in the induction coil. The voltage
applied across the optical cell can be controlled by adjustment of the quantity of
energy emitted by the oscillator in modulating the size of pulse, for example by
changing its duration, or alternatively can be controlled by adjustment of the voltage
peaks in the primary circuit.

The system preferably includes one or more feedback lines from the
secondary circuit to the first circuit. This offers the advantage of adjusting the
oscillator in response to the electrical parameters found on the optical cell.

Thus a feedback line can be provided to regulate the voltage in the
secondary circuit and thereby to ensure at all times the required voltage across the
optical cell for a required level of darkening of the cell. Alternatively or in addition
the or a feedback line can also regulate the frequency acting on the oscillator
frequency in the first circuit to ensure at all times the operational frequency of the
secondary circuit at the resonant frequency thereof.
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frequency of the secondary circuit is truly the resonant frequency of the secondary
circuit and sends any required correcting signal to the oscillator in the primary circuit
to adjust its frequency so as to obtain resonance in the secondary circuit.

If the operational frequency is not the same as the resonant frequency of the
secondary circuit, the over-voltage is lower and the active energy consumption is
increased. To obtain good operations it is therefore advantageous to ensure that
the operational frequency is équal to the resonant frequency, although control of the
difference between the operational frequency and the resonant frequency may also ,
to some extent, control the voltage applied to the cell by controlling the over-voltage
factor.

In one embodiment of the invention the secondary circuit includes at least
one capacitor in parallel with the optical cell. In general it is preferred to employ two
or more such capacitors in series with each other. The use of capacitors in series
has the advantage of reducing the voltage applied across each individual capacitor.

The control system of the invention is applicable to a variety of different types
of optical cell. The control system regulates the provision to the optical cell of an
alternating current supply. For a cell with suspended orientable particles a voltage
of up to about 125 V may be required, the voltage is applied between the conductive
surfaces of the cell to generate an electrical field which orients the particles in a
manner to allow the passage of light. In order to vary the luminous reflectivity or
transmissivity of the optical cell, it is sufficient to vary the current voltage applied to
the optical cell. One may also vary the frequency, but this is less efficient. The
variation in luminosity is largely proportional to the applied voltage up to a saturation
limit. In the absence of an electrical field, the particles are subject to Brownian
movement and thus restrict the passage of light through the cell. In the presence of
a weak field, the particles tend to align with the field but continue to oscillate about
their mean position such that some light absorption light occurs. It is necessary to
reach a certain threshold value for the electrical field, for example corresponding to
a voltage of about 100 V, in order for the particles to be fully aligned in the field and
thus for no absorption of light to occur.
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The control relies on the principle that a signal proportional to the light level
detected by the photo-sensitive optical device, or on the difference in light levels
detected by two such devices, is employed to act upon the oscillator in the primary
circuit so as to adjust the voltage applied across the terminals of the optical cell, and
thus the opacity of the cell.

Where, in addition to an internal rear-view mirror, one or more exterior rear-
view mirrors are provided, the transmissivity and/or the reflectivity characteristics of
the external rear-view assembly may be controlled by the same electronic circuit
provided for the control of the internal rear-view assembly, to provide simultaneous
adjustment of the transmissivity and/or reflectivity characteristics. However,
because of the possible miniaturisation and small power consumption of control
systems according to the invention, it is preferred and highly advantageous to
include a separate control system in each of the mirrors. With such separate
systems each of the mirrors is thereby adjusted according to the specific light
conditions falling upon it.

The invention is further described below, by way of example, with reference
to the accompanying drawing which is a circuit diagram of one version of control
system according to the invention and intended for use in a motor vehicle.

The illustrated system includes a first circuit 1 comprising an oscillator 4 and
a primary winding 11 of an induction coil having a core 10. The first circuit also
includes a 12 volt DC battery 3 to supply low voltage power to the oscillator 4 and
has an external actuation source 5 (for example a potentiometer) for the oscillator 4.
The system further includes a second circuit 2 which includes the secondary winding
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linked to a detector control unit 34 from which leads a detector signal line 35 to a
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signal comparison unit 40. The circuit 30 further includes an operational amplifier 36
with a feedback circuit 39. A cell-operation detector line 37 leads from the second
circuit 2 to the comparison unit 40, from which a signal line 38 leads to the amplifier
36. The comparison unit 40 is also provided with an external actuation source 41
(for example a potentiometer to set a threshold potential).

The control system as a whole is mounted in a housing (not shown) and can
be connected through the vehicle wiring harness to the 12 volt battery.

In use, the light detector 32 is positioned to detect the ambient light
conditions, for example by capturing light from the front of the vehicle and/or light
reflected by the roof, and the light detector 33 is positioned to detect light from the
rear of the vehicle. The detector control unit 34 includes a difference detector which
compares the signals from the light detectors 32 and 33 and feeds to line 35 a
signal proportional in strength to the excess of the intensity of the rear-received light
(33) over the ambient light (32). Any dazzling light impinging on the detector 33
sends a corresponding signal to the difference detector. The line 37 carries a signal
proportional to the voltage of the secondary circuit 2. The signal sent by the control
unit 34 via the line 35 is compared in the comparison unit 40 with the signal from the
line 37 which indicates the secondary voltage and the comparison unit 40 in turn
sends a control signal to the operational amplifier 36 via the line 38. This control
signal takes into account the level dazzle and the voltage actually applied across the
optical cell. It would similarly be possible to include a further feedback line to
provide a second control loop to feed back to the oscillator 4 the established
frequency of the cell 14.

The signal from line 38 is amplified by the amplifier 36 to stimulate the
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The voltage across the cell 14 is further increased by the resonance in the

secondary circuit and is typically up to about 120 volts AC, thus permitting the
application to the cell 14 of a voltage to give partial or full alignment of its
suspended particles. Full alignment provides the maximum light transmission
through the cell 14 and thus maximum reflectivity of the rear-view mirror of which the
cell 14 forms a part.

If the ambient light detector 32 observes good daylight or a high level of
artificial light and the rear-facing detector 33 observes similar conditions then the
difference between the respective photo-electric signals is small and the unit 34
sends a signal via lines 35 and 38 and the amplifier 36 to activate the oscillator 4
and to generate a cell-activating voltage in the secondary circuit 2. The comparison
unit 40 is informed via line 37 of the voltage actually produced in the secondary
circuit and adjusts the command signhal sent via line 38 so as to obtain the maximum
voltage across the cell 14.

The oscillator 4 converts the 12 volt battery voltage to 12 volts AC and a
voltage of 120 volts AC is achieved in the secondary circuit 2. The AC frequency of
the oscillator 4 is adjusted to the resonant frequency of the secondary circuit 2 by
external action from line 5 on the oscillator 4 and is normally about 20 kHz. This
adjustment can be easily achieved by measuring the active current in the secondary
circuit. When the frequency varies, the current follows a curve which passes
through a minimum. The resonant frequency is achieved when the current is at the
minimum. This 120 volt maximum voltage in the secondary circuit 2 produces full
alignment of the suspended particles in the cell 14. The full alignment creates the
highest level of clarity in the cell 14 and thus the highest reflectivity of the mirror as
a whole.

If the ambient light detector 32 observes dull or night-time conditions and the
rear-facing detector 33 observes similar conditions then the difference between the
respective photo-electric signals is again small. The unit 34 again sends a signal
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opaque and reducing the mirror reflectivity to its lowest level.

If the difference between the signals from the ambient light detector 32 and
the rear-facing detector 33 lies between the extremes described above, for example
in fairly dull conditions and with a mildly dazzling beam through the rear window, the
unit 34 sends signal via the amplifier 36 to the oscillator 4 which gives some
stimulation of the oscillator 4 but the field generated in circuit 1 corresponds to an
effective voltage which is less than 12 volis and thus the voltage in the secondary
circuit 2 is correspondingly reduced. Under these conditions the second circuit
voltage gives only partial alignment of the suspended particles in the cell 14,
creating an intermediate level of opacity in the cell 14 and an intermediate level of

reflectivity of the mirror as a whole.

In a typical example of a control system according to the invention the
induction coil had 33 turns in the primary circuit (1) on one portion of the core and
240 turns in the secondary circuit (2) on another portion of the core, and a gap of
2.5 mm in the magnetic circuit. The secondary winding 12 had an inductance of 7
mH; the cell 14 had a capacity of 11 nF and the condenser 16, formed of four 22nF
condensers connected in series, thus had a capacity of 5.5 nF.

In a variation of the above arrangement the secondary circuit can be an auto-
oscillating circuit. In this alternative the secondary (resonant) circuit imposes the

operational frequency on the oscillator.
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1. A control system for an optical cell, which system comprises a first circuit
supplied by a low voltage power source and including an oscillator and a
primary winding of an induction coil and further comprises a secondary circuit
which includes the optical cell and a secondary winding of the
aforementioned induction coil, characterised in that the secondary circuit is a
resonant circuit which includes the inductance of the secondary winding and
the optical cell, and the induction coil provides a weak coupling between the

primary and secondary windings.

2. A control system as claimed in claim 1, in which the optical cell is connected
directly to the secondary winding and the induction coil provides substantially
all of the inductance of the resonant circuit.

3. A control system as claimed in any claim 1 or claim 2, in which the induction
coil comprises a magnetic core which provides a magnetic resistance to the
passage of flux in the magnetic circuit which it forms.

4. A control system as claimed in claim 3, in which the magnetic core includes a
gap in the path of the lines of magnetic flux.

5. A control system as claimed in claim 4, in which the gap in the magnetic core

is at least 0.1 mm.

6. A control system as claimed in claim 5, in which the gap in the magnetic core
is at least 0.2 mm.

7. A control system as claimed in any preceding claim, in which the primary and
secondary windings of the coil do not overlap each other.

8. A control system as claimed in claim 7, in which the primary winding is
formed around one portion of a magnetic core and the secondary winding is
formed around another portion of the magnetic core.
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claimed in claim1 in which the induction coil conprises a magnetic core
(10) whi ch, pro- . . o
11. A control system as claimed in claim 10, in which the primary winding

comprises 20 to 50 turns.

12. A control system as claimed in any preceding claim, in which the oscillator is
a square wave generator.

13. A control system as claimed in any of claims 1 to 11, in which the oscillator is
a sinusoidal signal generator.

14. A contfrol system as claimed in any preceding claim, in which the voltage
across the optical cell is adjusted by modulating the size of energy impulses
applied to the primary winding.

15. .A control system as claimed in any preceding claim, which includes at least
one feedback line from the secondary circuit to the first circuit.

16. A control system as claimed in claim 15, in which the or a feedback line
regulates the voltage in the secondary circuit to ensure at all times the
required voltage across the optical cell for a required level of darkening of the

cell.

17. A control system as claimed in claim 15 or claim 16, in which the or a
feedback line regulates the frequency acting on the oscillator frequency in the
first circuit to ensure at all times the operational frequency of the secondary
circuit at the resonant frequency thereof.

18. A control system as claimed in any preceding claim, in which the secondary
circuit includes at least one capacitor in parallel with the optical cell.

19. A control system as claimed in claim 18, in which the secondary circuit

includes, in parallel with the optical cell, two or more capacitors arranged in
- .
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21. A control system as claimed in any preceding claim, which is regulated by at
least one photo-sensitive optical device which detects the incident light falling
on the optical cell.

22. A control system as claimed in claim 21, which includes two photo-sensitive
optical devices, one positioned to monitor potentially dazzling light coming
from the rear of the vehicle and the other to monitor the ambient light level.

23. A control system as claimed in any preceding claim, in which the optical cell
is of the type which incorporates a fluid suspension of dispersed minute
particles capable of orientation by an electrical field to change the
transmission of light through the suspension.

24. A control system as claimed in any preceding claim, in which the optical cell
is part of a rear-view mirror of a motor vehicle.

25. A control system as claimed in claim 24, which is located within the housing
of the rear-view mirror.

26. A confrol system as claimed in claim 24, in which the induction coil comprises

a core which is sized to fit within the housing of the rear-view mirror.
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A control system for an optical cell (light valve) is provided which comprises a first

(oscillator) circuit supplied by a low voltage power source

and including a primary

winding of an induction coil and a secondary (resonant) circuit which includes the
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wmdmg (11) of an induction

coxl and further comprises a sccondary circuit (2) which
includes the optical cell (14) and a secondary winding (12)

of the aforementioned induction coil, the socondary circuit

2) being a resonant circuit, characterised in that said sec-

ondary circuit (2) includes the inductance of the secondary

winding (12) and in that the magnetic circuit of the induction
coil comprises a magnetic resistance to the passage of

magncuc flux, to provide a weak coupling bctwccn the

primary (11) and secondary (12) wmdmgs
2. A control system as claimed in claim 1, im which the

. optical cell (14) is connected directly to the secondary

of the inductance of the resonant circuit (2). :

-3. A control system'as claimed in claim 1, in thch the
induction coil comprifes a magnetic core (10) which pro-
vides a magnetic resistance to the passage of ﬂux in the
magnetic circuit which it forms.

4. A control system as claimed in claim 3, in which the
magnetic core (1) includes a gap (13)in the path of the lines
of magnetic flux.

5. A control system as clainied in claim4. in which the gap

~ (13) in the magnetic core is at least 0.1 mm. -

6. A control system as claimed in claim S, in which the gap

'(13) in the magnetic core is at least 0.2 mm.

7. A control system ‘as claimed in claim 1, in which the .
primary (11) and secondary (12) windings of the coil do not
overlap each other. -

8. A control system as clmmcd in claim 7, in which the -

primary winding (11) is formed around one portion of a .
magnetic core (10) and the secondary wmdmg (12) is
formed around another portion of the magneuc -core (10).

9. A control system as claimed in claim 1, in 'which the

'pnmmy winding (11) comprises less than 100 turns.

10. A control system as claimed in claim 9, in which the

. _primary winding (11) comprises 10 fo 80 turns.

~ winding {12) and the induction coil provides substanhauy alt- - -
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14 33) V\thhﬁFC‘[’Sﬂ‘lﬁ-—l—H&l—d&ﬂt light falling on the op

Cal cell (14).
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23. A control med in claim?22. which include
phot o- sensi ti v gmﬁ" I (32, 33) one positioned t
az ht com ng from behi nd a vehj cre—anmd-the——-

“moni torpotentiatlye
other to nmonitor an anbient |ight |dl. 24. A control systemas clained

in claim1;

i ncor por at es altll LA

orien-

I n which the optical cctl (14) is of the t'ype which

primary wmdmg (11) comprises 40 to 80 tams.
12. A control system as claimed in claim 1, in which the
secondary winding (12) comprises 140 to 300 turns. ‘
13. A control system as claimed in claim 1, in wh:ch the
coupling coefficient of ‘the induction coil is lcss than 0.7.
14. A control system as claimed in claim 13, in which the
coupling coefiicient of the induction coil is 1éss than 0.5.
15. A control system as claimed in’ clairp 1, in which the
voltage across the optical cell (14) is adjusted by modulating
the size of encrgy impulses apphed to the primary \mndmg

@an€n.
16. A control system as claimed in claim 1, which includes .

 at Jeast one feedback line (5') from the sccondary circuit (2)

to the first circuit (1).

17. A‘oontrol system as claimed in claim 16, in which the
ora fcodback ling, (5') regulates the voltage in the sccondary
circuit (2) ‘o cnsure at.all times the required voltage across
the optical cell (14) for a required level of darkening of the
cell (14). . :

18.A contml system as clmmed in clmm 16. in which the
or a feedback line (5') regulates the frequency acting on the
oscillator (4) frequency in the first circoit (1) to ensure at all
times the operational frequency of the secondary circuit (2)
at the resonant frequency thereof. .

19. A control system as claimed in claim 1, in which the
secondary circuit (2) includes at least one capacitor (16) i
parallel with the optical cell (14). , :

20. A control system as claimed in claim 19, in which the
secondary circuit (2) includes. in parallel with the optical
cell (14). two or more capacxtors (16) arranged in serics with
each other.

21. A contro] system as claimed in claim-1..in- which-the.
resonance of the sccondary circuit (2) establishes the oscil-
lation in the first circuit (1) and thercby determines the .
operational frequency of the system.

22. A control system as claimed in claim 1. which is
regulated by at Jeast one photo-sensitive optical device (32,
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tation:by an,ej.eg{—Prta ield to change the transm ssion o

the suspension. A ol systemas claimed in clai mil. in which T
optical cell m‘\x i&ﬁ! view mirror of a notor vehijclle.2 1 AN 2601
control system‘m a| mi45. which is |located wiftHin a housing gf

the rear-view mror '’ 27. A control .systemas clained i crarm25:
whi ch the induction coil conprises a core (10) which i S silzed to fit within

a housing of 43¢uiRah dettsHE Mcident hght falling on the optical cell
(14).

- 23. A control system as clmmed in claim 22, which
mcludcs two photo-sensitive optical devices (32, 33). one
positioncd to monitor potentially dazzling light coming from
behind a vehicle and the other to monitor an ambient light
level. .

24. A control system as claimed in claim 1, in which the
opmml cell (14) is of the type which incorporates a fluid
suspension of dxspm'scd minute particles capable of orien:
tation by an ‘clectrical field to change the transmission of
light through the suspension.

25. A control system as claimed in claim 1. in which the
optical cell is part of a rear-view mirror of a motor vehicle.

26. A control-system as claimed in claim 25. which. ns'
located within a housing of the rear-view mirror, et e e

27. A control systm as claimed in claim 25. in which lhe
induction coxl comprises a core (10) w]uch is smed to fit
within a hoiising of the redr-view mirror.

B W?’?ﬁ%&ﬁj{ﬁm o




FAl

REPLACEMENT SHERT

15 [ 2 1 JUN 29337

]

ABSTRACT

OPTICAL CELL CONTROL SYSTEM

A control system for an optical cell (light valve) is provided which comprises a first
(oscillator) circuit supplied by a low voltage power source and including a primary
winding of an induction coil and a secondary (resonant) Circuit which includes the
optical cell and a secondary winding of the induction coil. The secondary circuit
includes the inductance of the secondary winding and the optical cell, and the
induction coil provides a weak coupling between the primary and secondary

windings. The resonant circuit provides .a large voltage coefficient and great stability

and the configuration made possible by the invention f;cilitates a significant
reduction in the bulk of the control system



