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Description

[0001] The invention relates to an electro-optical
switching device comprising a metal-compound con-
taining switching layer. The invention also relates to ap-
plications of such a switching device.
[0002] In the relevant switching devices, the optical
properties are governed by an electric potential or cur-
rent.
[0003] For example, electrochromic devices are well-
known, in which a layer of an electrochromic material,
such as MoO3, is sandwiched between two transparent
electroconductive electrode layers, for example, of indi-
um-tin oxide. A layer of an H+- or Li+-ion-conducting ma-
terial is present between an electrode and the electro-
chromic material. The device also comprises an ion-
storage layer for storing said ions. The application of an
electric potential of several volts across the electrodes
causes the transmission or colour of the layer stack to
change. Said transmission change is reversible. Elec-
trochromic materials are used, for example, in variable-
transmission windows for buildings and anti-dazzle mir-
rors in cars.
[0004] A drawback of oxidic electrochromic devices is
that an extensive layer stack is required for their opera-
tion. A further important disadvantage is that such ma-
terials enable only a relative small transmission change,
and hence a small contrast, to be attained.
[0005] WO-A-96/38758 was filed before 22 August
1996, but had been published after that date. In WO-A-
96/38758 a switching device is described in which some
trivalent metals, like Y and La, can reversibly be con-
verted from a dihydride state into a trihydride state by
supplying hydrogen. Both states have different optical
and electrical properties. The dihydride state is metallic
and mirror-like, whereas the trihydride state is semicon-
ductive and transparent. WO-A-96/38758 does not spe-
cifically disclose the features which appear in the char-
acterising portion of Claim 1, but it discloses all the other
features of Claim 1, 2, 3 and 7.
[0006] It is an object of the present invention to pro-
vide, inter alia, an electro-optical switching device in
which the switching layer can be reversibly converted
from a non-transparent or mirror-like state into a trans-
parent state. Both states must be stable. In addition, it
must be possible to perform said conversion relatively
rapidly at ambient temperature and atmospheric pres-
sure, and at low voltages, i.e. less than 10V. Besides,
the switching device should have a simple layer struc-
ture, and must show a high contrast.
[0007] In accordance with the invention, this object is
achieved by an electrooptical switching device accord-
ing to Claim 1.
[0008] It has been found that some trivalent metals in
a thin layer can form hydrides with hydrogen, which hy-
drides can be in the metallic state and in the semicon-
ductive state, dependent upon the hydrogen content. In
the metallic state, the thin layer, i.e. the switching layer,

is non-transparent and reflective or mirror-like, whereas
in the semiconductive state the switching layer is trans-
parent.
[0009] If, e.g. a thin gadolinium switching layer is ex-
posed at room temperature to atomic hydrogen, the hy-
dride phase GdHx is formed. At a low hydrogen content
(x < ≈ 2), the film has a metallic character, and is non-
transparent. At sufficiently high hydrogen pressures (>
1 mbar), the hydrogen-rich composition (x > ≈ 2) is
formed. Said hydrogen-rich layer (x > ≈ 2) formed is
transparent and of a yellow colour in transmission. The
transition from mirror-like to transparent is reversible.
[0010] Similar phenomena can be observed with an
yttrium layer. At a low hydrogen concentration, a non-
transparent dihydride composition having an existence
range around YH2 is formed, whereas at higher hydro-
gen concentrations a transparent trihydride composition
having an existence range around YH3 seems to be
formed. Although the exact compositions depend on the
metal and on certain conditions, the designations dihy-
dride and trihydride will be used in the following part of
this document for the low-hydrogen-content state and
high-hydrogen-content state, respectively. Apart from Y
and Gd, other trivalent transition and rare earth metals
exhibit similar phenomena. Among these metals are, e.
g. scandium (Sc) and lanthanum (La). Transparent yt-
trium trihydride is yellow in transmission, whereas trans-
parent lanthanum trihydride is red. Alloys of these met-
als are also possible, e.g. an Y-La alloy, or alloys with
divalent metals in order to influence the colour and im-
prove the stability, switching velocity and contrast of the
layer.
[0011] The switching layer in accordance with the in-
vention is thin, i.e. its thickness is less than 2 µm. The
layer thickness of the switching layer preferably ranges
between 100 and 1,000 nm. As hydrogen must diffuse
in the switching layer, the layer thickness determines the
rate of full conversion from the metallic to the transpar-
ent composition, and conversely.
[0012] The electro-optical device according to the in-
vention is an electrochemical cell in which one of the
electrodes comprises a switching layer of a hydride of
the trivalent metal, which is in contact with an ion-con-
ducting electrolyte via a thin catalytic metal film.
[0013] Hydrogen-charging of the metal hydride or
switching layer is obtained by electrolytic reduction of
protons or hydrogen-containing molecules, such as wa-
ter, by applying a potential between the electrodes. At
this electrode/electrolyte interface protons are reduced
to atomic hydrogen. The generated atomic hydrogen (H)
will convert the metal dihydride to the trihydride state.
The electrode comprising the metal hydride will change
from mirror-like to transparent. Changing the potential
to more positive values leads to oxidation of the trihy-
dride into the dihydride state. The electrode will again
become mirror-like. In this way a reversible electro-op-
tical switch is obtained.
[0014] In order to promote the speed of hydriding and
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dehydriding, and thus the switching speed, the metal hy-
dride-containing switching layer is provided with a thin
film of an electrocatalytic metal or alloy, such as palla-
dium, platinum or nickel. These metals catalyse inter
alia the reduction of protons to hydrogen. Other suitable
catalytic metals are the alloys of the so-called AB2 and
AB5 type, such as TiNi2 and LaNi5. In addition, this metal
film protects the underlying switching layer against oxi-
dation by the electrolyte. This film has a thickness, for
example, of 5 nm. At said thickness, the film is discon-
tinuous or island-like. The layer thickness is not critical
and is chosen to be in the range between 2 and 25 nm.
However, thin layers of 2 to 10 nm are preferred because
the thickness of the film determines the maximum trans-
mission of the switching device. In case of a palladium
film thickness of 10 nm, the maximum transmission is
15 to 20%. In the reflective mode of the device, the pal-
ladium film may be thicker, e.g. 50 nm. The thickness of
the electrocatalytic metal film and its metal determine
the switching speed of the switching device.
[0015] The electrolyte must be a good conductor of
ions, but an insulator of electrons in order to prevent
self-discharge of the device. For the electrolyte liquid
use can be made of electrolytes, such as an aqueous
solution of KOH. Such a solution is a good ion conductor,
and the metal hydrides contained therein are stable. The
electrolyte may also be present in the gel state.
[0016] There is a strong preference for transparent
solid-state electrolytes, because of the simplicity of the
device; it prevents sealing problems and is easier to
handle. Both solid inorganic and organic compounds
can be used. Examples of inorganic electrolytes are hy-
drated oxides like Ta2O5.nH2O, Nb2O5.nH2O, CeO2.
nH2O, Sb2O5.nH2O, Zr(HPO4)2.nH2O and V2O5.nH2O,
H3PO4(WO3)12.29H2O, H3PO4(MoO3)12.29H2O,
[Mg2Gd(OH)6)OH.2H2O, and anhydrous compounds
such as Mg(OH)2, KH2PO4, KH2AsO4, CeHSO4,
CeHSeO4, and compounds of the type MCeO3 (M=Mg,
Ca, Ba, Sr), in which a part of Ce has been substituted
by Yb, Gd or Nb. Also glasses may be used, such as
alkali-free zirconium phosphate glass. These com-
pounds are good proton (H+) conductors. Examples of
good ion (H3O+) conductors are HUO2PO4.4H2O and
oxonium β-alumina. An example of a solid organic elec-
trolyte is poly(2-acrylamido-2-methyl-propane-sulphon-
ic acid).
[0017] Various transparent materials can be used for
the counter or second electrode. Examples are hydro-
genated oxidic materials such as WO3, NiOz, Rh2O3 and
V2O5. Said materials can be charged with hydrogen by
sputtering in a hydrogen atmosphere or by electrochem-
ical means in a separate step. Also thin layers of hy-
dride-forming intermetallic AB2 and AB5 compounds.
such as TiNi2 and LaNi5, can be used. It is aternatively
possible to use the same material as that used for the
switching layer, provided that when the switching layer
is in the dihydride state, the second electrode is in the
trihydride state, and vice versa. Said materials are pro-

vided in the form of a layer with a thickness comparable
with that of the switching layer. The thickness is chosen
in such a way, that the hydrogen capacity in the second
electrode is sufficient to convert the switching layer from
the dihydride state to the trihydride state, and vice versa.
[0018] Substrates onto which the layers of the switch-
ing device may be provided are transparent materials,
such as glass, quartz, diamond, aluminium oxide or
(flexible) synthetic resin. The substrate may be plane or
curved.
[0019] The switching layer is applied as a thin layer to
the substrate by means of conventional methods, such
as vacuum evaporation, sputtering, laser ablation,
chemical vapour deposition or electroplating. In this re-
spect, it is important that during and after application of
the switching layer, the metal of the switching layer is
not subject to oxidation. In a vacuum-evaporation proc-
ess, this is achieved by maintaining the pressure, in par-
ticular, of the residual gases water and oxygen, at a low
level below 10-6 to 10-7 mbar.
[0020] The catalytically active layer, for example, of
Pd, and the layer of the second electrode, can likewise
be applied by means of one of the above-mentioned
methods.
[0021] The inorganic solid-state electrolyte can also
be applied as a thin layer by one of the above-mentioned
methods. Inorganic oxidic electrolytes may also be man-
ufactured by a sol-gel process, a suitable alkoxy com-
pound being used as the starting material. Organic elec-
trolytes may be applied, e.g. by spin coating.
[0022] As thin layers of metal hydrides have a suffi-
cient electrical conductance, a thin transparent layer of
indium-tin oxide between the substrate and the switch-
ing layer, which is customary in conventional electro-
chromic devices, may be omitted. In this way; the
switching device according to the invention is simpler
than a conventional electrochromic display.
[0023] Examples of possible layer sequences in an
electro-optical switching device according to the inven-
tion are:

[0024] In this configuration YHX is initially in the dihy-
dride state (x ≈ 2), whereas the nickel oxide is charged
with hydrogen: HyNiOz (1 ≤ y,z ≤ 2). The YHx switching
layer, which serves as the first electrode, is mirror-like
and non-transparent, and the HyNiOz layer, which
serves as the second electrode, is transparent. When a
negative potential is applied to the YHx layer, H is trans-
ferred from the nickel oxide layer through the electrolyte
to the YHx layer. YHx is converted to YHx+δ (trihydride
state; x+δ ≈ 3), which is transparent, whereas Hy-δNiOz
becomes neutral grey: the device has become transpar-
ent in this state, or is switched from the mirror state to
the transparent state, provided the Pd film is thin (< 5
nm). The switching process is reversible. When a posi-

A. substrate |YHx| Pd | aqueous KOH | HyNiOz | ITO
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tive potential is applied to the YHx+δ layer, H is trans-
ferred back to the Hy-δNiOz layer through the electrolyte,
and the device becomes mirror-like and non-transpar-
ent again. This switching process can be repeated many
times, and takes place at a low voltage below 1V.
[0025] In the reflective mode a thick Pd film (about 50
nm) is used. The Pd film is intrinsically reflective. How-
ever, this Pd film can only be observed from the sub-
strate side, when the YHx is in the transparent trihydride
state. In the non-transparent dihydride state, the Pd film
can not be observed anymore.
[0026] The contrast of such a device is higher than
that of a conventional electrochromic device. By chang-
ing from the trihydride state to the dihydride state, the
transmission decreases from about 20 % to about 1%,
ie. a contrast of (20-1)/1 = 19. In a conventional electro-
chromic device in which LixWO3 is used as a switching
layer of the same thickness as the yttrium hydride layer,
the transmission changes from fully transparent (WO3)
to about 25%, i.e. a contrast of only (100-25)/25 = 3.

[0027] This device, which has a inorganic solid-state
electrolyte, operates in the same way as the device un-
der A, and switching takes place at a voltage below 2V.
Protons are now transported through the solid electro-
lyte.
[0028] ITO (indium tin oxide) serves as a transparent,
conducting electrode. Instead ofITO use can be made
of SnO2 doped with F, which material is more stable than
ITO.
[0029] As the switching device in accordance with the
invention can be switched from a metallic, non-transpar-
ent state to a transparent, semiconductive state, and
conversely, it can be used in many applications. By vir-
tue of this optical effect, the switching device can be
used as an optical switching element, for example as a
variable beam splitter, and for controlling the illuminance
or the shape of light beams in luminaires. Dependent
upon the film thickness of the switching layer, this layer
can exhibit almost zero transmission in the metallic
state. This enables a switching device having a great
contrast to be manufactured. The switching device can
be used in applications in which electrochromic layers
are presently being used, such as architectural glass,
vision control glass, sun roofs and rear-view mirrors.
[0030] The switching device in accordance with the
invention can also be used as a variable transmission
filter on or in front of a display screen to improve the
contrast of the picture.
[0031] By making a pattern in the metal hydride layer,
a thin display can be manufactured. The construction of
such a display is much simpler than that of an LCD (liq-
uid crystal display) due to the absence of an LC layer,
orientation layer, retardation layer and polarization filter.
By using three different metals of the metal hydride, a

B. substrate | YHx | Pd | Ta2O5.H2O |HyWO3| ITO

three-colour dotted pattern can be obtained.
[0032] These and other aspects of the invention will
be apparent from and elucidated with reference to the
embodiments described hereinafter.
[0033] In the drawings:

Fig. 1 is a schematic cross-sectional view of an
electrochemical cell,
Fig. 2 shows a dynamic current-potential (A) and
corresponding transmission T measurement (B) of
an electrode layer, and
Fig. 3 shows an electro-optical solid-state device
according to the invention.

Exemplary embodiment 1.

[0034] Figure 1 diagrammatically shows an electro-
chemical test cell 1 for testing electro-optical switching
layers. The layer thicknesses in this Figure are not
drawn to scale. Reference numeral 3 denotes a glass
cuvette which accommodates an electrode sample 5, a
platinum counter electrode 7, an electrolyte 9 and a ref-
erence electrode 11.
[0035] The sample 5 comprises a polished quartz
substrate 13, which is provided with a 200 nm thick yt-
trium hydride layer 15 as a switching layer by means of
electron-beam evaporation. The residual pressure in
the evaporation apparatus is less than 10-7 mbar. In the
same apparatus, a 10 nm thick palladium film 17 is evap-
orated onto the switching layer 15. By filling the appa-
ratus with hydrogen at a pressure of 10-2 mbar, the yt-
trium is converted to the dihydride state, which has a
mirror-like appearance and is non-transparent.
[0036] For the electrolyte 9 use is made of an aqueous
solution of 6 mol/l KOH at room temperature. The refer-
ence electrode 11 is a Hg/HgO electrode.
[0037] The electrodes are electrically connected to a
potentiostat 19.
[0038] The optical transmission T of the sample 5 is
investigated by illuminating the sample from the back
and detecting the light intensity at the front, using a red
light source in combination with a photodetector.
[0039] Figure 2 shows the result of a dynamic current-
potential experiment. The arrows in the curves denote
the direction of potential scanning. Figure 2A shows the
relation between the electrode potential E (in V) of the
switching layer and the current density i (in µA/cm2). Fig-
ure 2B shows the transmission T (in arbitrary units a.u.)
of the sample as a function of the potential E. Using non-
transparent yttrium dihydride, the electrode potential is
scanned, from an initial value of E = OV, towards more
negative values with a scan rate 0.1 mV/s. In this neg-
ative potential region water reduction to H occurs. The
cathodic current density ic starts to rise at -0.6 V and
finds its maximum at -0.85 V. In this region the electrode
becomes transparent by conversion from the dihydride
state to the trihydride state (Figure 2B)
[0040] If the scanning direction is reversed, oxidation
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from the trihydride state to the dihydride state takes
place, which is indicated by an anodic current density ia
(Figure 2A). The transparent electrode becomes non-
transparent again (Figure 2B). In this way a reversible
electro-optical switching device is obtained. The switch-
ing time is comparable with that of conventional electro-
chromic devices.

Exemplary embodiment 2.

[0041] An electro-optical switching device is made,
which is similar to that shown in Figure 1, except for the
platinum counter electrode 7 which, in this embodiment,
is now replaced by a glass plate provided with an elec-
troconductive indium-tinoxide (ITO) layer. The ITO layer
is provided with a 150 nm thick layer of HNiO as the
second electrode. Both layers are obtained by sputter-
ing, the second layer being obtained by sputtering in a
hydrogen atmosphere. The switching behaviour of this
device has been described above. The switching time
is comparable with that of conventional electrochromic
devices.

Exemplary embodiment 3.

[0042] Figure 3 schematically shows a cross-section
of a solid-state electro-optical switching device 1 ac-
cording to the invention. The layer thicknesses are not
drawn to scale. The device comprises a glass plate 3,
a first electrode 5 of yttrium dihydride as a switching lay-
er with a thickness of 200 nm, a palladium layer 7 with
a thickness of 5 nm, a layer 9 of a solid-state electrolyte
of Ta2O5.H2O which conducts protons and which has a
thickness of 500 nm, a second electrode 11 of transpar-
ent blue HWO3 with a thickness of 350 nm, and an elec-
troconductive ITO layer 13. All layers are transparent,
except for layer 5 in the dihydride state, so that the de-
vice 1 is non-transparent when observed in transmis-
sion.
[0043] The device operates at room temperature.
Layers 5 and 13 are connected to an external current
source. By applying a cathodic DC current to the first
electrode 5, the dihydride state is converted to the trihy-
dride state, which is transparent. HWO3 of the second
electrode 11 changes from blue to transparent WO3.
The device 1 is now transparent and yellow when ob-
served in transmission. When reversing the current, the
first electrode 5 returns to the dihydride state which is
mirror-like and non-transparent, and the second WO3
electrode 11 becomes blue again due to the formation
of HWO3. The device 1 has been switched to the non-
transparent state when observed in transmission.
[0044] The electro-optical switching device in accord-
ance with the invention, which comprises a switching
layer of a hydride of a trivalent metal, such as yttrium or
gadolinium, can be reversibly converted from a mirror-
like, non-transparent state to a transparent state by
electrochemical conversion. Said conversion takes

place very rapidly at room temperature, and at low volt-
age. Said switching device can be used, inter alia, as
an optical switching element, in rear-view mirrors, sun
roofs, architectural glass, vision control glass, displays
and for display screens with variable transmission.

Claims

1. An electro-optical switching device (1) comprising
a first and a second electrode (5, 11) separated by
an ion-conducting electrolyte (9), the first electrode
comprising a switching layer (5) of a hydride of a
trivalent transition or rare earth metal, which switch-
ing layer is provided with an electrocatalytic metal
film (7), which film is in contact with the electrolyte,
so that by applying a potential or current between
the electrodes (5, 11) a change in the optical trans-
mission of the switching layer (5) is detectable when
the metal hydride is electrochemically converted
from a low-hydrogen-content mirror-like state to a
high-hydrogen-content transparent state by an ex-
change of hydrogen, and vice versa,

characterized in that the ion-conducting
electrolyte (9) is an inorganic solid-state electrolyte.

2. A device according to Claim 1, characterized in
that the metal of the switching layer (5) is selected
from the group consisting of Y, La and Gd, or an
alloy of these elements.

3. A device according to Claim 1, characterized in
that the catalytic metal film (7) comprises palladi-
um.

4. A device according to Claim 1, characterized in
that the second electrode (11) is a transparent layer
comprising a hydride of nickel oxide.

5. A device according to Claim 1, characterized in
that the second electrode (11) is a transparent layer
comprising a hydride of tungsten oxide.

6. A device according to Claim 1, characterized in
that the electrolyte (9) comprises Ta2O5.

7. The use of a switching device as claimed in any one
of the preceding Claims as a display, optical switch-
ing element, mirror with variable transmission, in ar-
chitectural glass or sun roofs.

Patentansprüche

1. Elektrooptische Schaltvorrichtung (1) mit einer er-
sten und einer zweiten Elektrode (5, 11), welche
durch einen Ionen leitenden Elektrolyten (9) ge-
trennt sind, wobei die erste Elektrode eine Schalt-
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schicht (5) aus einem Hydrid aus einem trivalenten
Übergangs- oder Seltenerdmetall aufweist, welche
mit einem elektrokatalytischen Metallfilm (7) verse-
hen ist, der sich mit dem Elektrolyten in Kontakt be-
findet, so dass durch Anlegen eines Potentials oder
Stroms zwischen den Elektroden (5, 11) eine Ände-
rung der optischen Transmission der Schaltschicht
(5) feststellbar ist, sobald das Metallhydrid durch ei-
nen Wasserstoffaustausch von einem, einen gerin-
gen Wasserstoffgehalt vorsehenden, spiegelarti-
gen Zustand in einen, einen hohen Wasserstoffge-
halt vorsehenden, transparenten Zustand und um-
gekehrt elektrochemisch umgewandelt wird,
dadurch gekennzeichnet, dass der Ionen leitende
Elektrolyt (9) durch einen anorganischen Festkör-
perelektrolyten dargestellt ist.

2. Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass das Metall der Schaltschicht (5) aus
der Gruppe, welcher Y, La und Gd oder eine Legie-
rung aus diesen Elementen angehören, ausgewählt
wird.

3. Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass der katalytische Metallfilm (7) Pal-
ladium enthält.

4. Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass die zweite Elektrode (11) durch eine
transparente Schicht, welche ein Hydrid aus Nickel-
oxid enthält, dargestellt ist.

5. Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass die zweite Elektrode (11) durch eine
transparente Schicht mit einem Hydrid aus Wolfra-
moxid dargestellt ist.

6. Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass der Elektrolyt (9) Ta2O5 enthält.

7. Die Verwendung einer Schaltvorrichtung nach ei-
nem der vorangegangenen Ansprüche als Display,
optisches Schaltelement, Spiegel mit variabler
Transmission, in Architekturglas oder Schiebedä-
chern.

Revendications

1. Dispositif de commutation électro-optique (1) com-
prenant une première électrode (5) et une deuxiè-
me électrode (11) séparées par un électrolyte con-
ducteur d'ions (9), la première électrode compre-
nant une couche de commutation (5) en un hydrure
d'une transition trivalent ou métal des terres rares,
laquelle couche de commutation est munie d'un film
métallique électrocatalytique (7), lequel film est en
contact avec l'électrolyte de façon que par applica-

tion d'un potentiel ou courant entre les électrodes
(5, 11) un changement dans la transmission optique
de la couche de commutation (5) soit détectable
lorsque l'hydrure métallique est converti par voie
électrochimique à partir d'un état de miroir à faible
teneur en hydrogène en un état transparent à te-
neur élevé en hydrogène par un échange d'hydro-
gène, et inversement, caractérisé en ce que l'élec-
trolyte conducteur d'ions (9) est constitué par un
électrolyte d'état solide inorganique.

2. Dispositif selon la revendication 1, caractérisé en
ce que le métal de la couche de commutation (5)
est choisi dans le groupe constitué par Y, La et Gd
ou un alliage de ces éléments.

3. Dispositif selon la revendication 1, caractérisé en
ce que le film métallique catalytique (7) contient du
palladium.

4. Dispositif selon la revendication 1, caractérisé en
ce que la deuxième électrode (11) est constituée
par une couche transparente contenant un hydrure
d'oxyde de nickel

5. Dispositif selon la revendication 1, caractérisé en
ce que la deuxième électrode (11) est constituée
par une couche transparente contenant un hydrure
d'oxyde de tungstène

6. Dispositif selon la revendication 1, caractérisé en
ce que l'électrolyte (9) contient du Ta2O5

7. Utilisation d'un dispositif de commutation selon
l'une des revendications précédentes comme dis-
positif de reproduction, élément de commutation
optique, miroir à transmission variable, dans du ver-
re architectural ou des toits solaires.
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