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Description

FIELD OF THE INVENTION

[0001] The invention relates to a method and appara-
tus for the time controlled activation of elements such as
electrical switches, control elements, electrochromic dis-
play elements, galvanic cells and transistors.

BACKGROUND TO THE INVENTION

[0002] Conductive polymers have been studied for
several years now as candidates to partly replace silicon-
based electronic systems. An electrochemical transistor
engineered using conductive polymers has been dis-
closed, for example, by Nilsson et al., Adv. Mater. 14,
No. 1, 2002, p. 51. Moreover, an electrochemical tran-
sistor engineered using conductive polymers has been
demonstrated in combination with display elements com-
prising conductive polymer material by P. Andersson et
al., Adv. Mater. 14, No. 20, 2002, 1460.
[0003] Electrochemical devices implemented using
conductive polymers react more slowly than those elec-
tronic devices implemented in silicon. Therefore, the
electrochemical devices based on conductive polymers
seem suited for slow processes taking in the range of
seconds, minutes, hours, days, weeks or months.
[0004] One example of the use of an electrochemical
device made using conductive polymers is a display el-
ement. The display element is made from a local chem-
ical cell in which chemical reactions can happen in a time-
dependent manner. The chemical reactions could either
be chemical or electrochemical in nature, and change
the physical state of the apparatus in a way that the
change can easily be recognised, for example as a colour
change. Such electrochemical display cells are dis-
closed, for example, in the US patent 5 930 023 (assigned
to Wisconsin Label Corporation). The electrochemical
display cells disclosed in this patent are arranged in layer
form with two electrode layers and an electrolyte layer
occupying distinct areas of a substrate. An electrolyte
layer overlaps most of one electrode layer but contacts
a smaller portion of the other electrode layer, which is
made of a thin film. When activated, an electrochemical
reaction progressively increases the area occupied by
the thin-film electrode layer and progressively decreases
the area occupied by the thin-film electrode layer. The
thin-film electrode layer recedes at a boundary in com-
mon with the electrolyte layer and provides an irreversible
indication of change at a rate governed by the electro-
chemical reaction. Therefore, the Wisconsin Label patent
makes use of the change within the display cell. The area
available for activation is rather limited, though. Only ar-
eas covered by the electrode are accessible for activa-
tion. The activation depends on a flowing electrical cur-
rent.
[0005] GB patent application 2 295 241 A assigned to
Mino Green discloses an electrochromic display. A var-

iable reflectivity mirror under protective glass comprises:
a layer of fluorine-doped tin oxide conductor; an electro-
chromic transparent layer made of WO3, going blue when
hydrogen is introduced; a porous layer of SiO2/Al2O3
which becomes moist on exposure to humidity; and a
layer of reflective metal, e. g. silver, which is porous
enough to allow access of water vapour to the porous
layer of SiO2/Al2O3. The mirror’s reflectivity is varied by
applying an appropriate potential between the layers of
fluorine-doped tin oxide conductor and the layer of re-
flective metal. The Green application does not disclose
activation of an at least one activation layer along a trans-
versal direction across a surface of the at least one per-
meable migration layer.
[0006] US patent application 2005 / 006 8 603 A1 as-
signed to Berggren et al. discloses an electrochromic de-
vice comprising (i) at least one material that is electrically
conducting in at least one oxidation state and (ii) at least
one elelectrochromic material, wherein said materials (i)
and (ii) can be the same or different; at least one layer
of solidified electrolyte which is in direct electrical contact
with said electrochromic element(s); and at least two
electrodes comprising PEDOT-PSS arranged side by a
side in common plane and adapted for application of a
voltage therebetween. One of the said electrodes is in
direct electric contact with a component selected from
said electochromic element(s) and the other electrode(s)
is in direct electrical contact with a component selected
from said electrolyte layer(s) and said elelectrochromic
element(s). Furthermore an electrochemically active el-
ement is provided which comprises a first layer compris-
ing PEDOT-PSS mixed with an adhesion promoter, and
a second layer comprising PANI the second layer being
deposited on top of and in direct electrical contact with
the first layer.
[0007] The Berggrin application requires application of
a voltage between at least two electrodes formed by PE-
DOT-PSS. Furthermore, the Berggren application does
not disclose an activation of the at least one activation
layer along a direction transversal to the at least one ac-
tivation layer.
[0008] US patent 5,216,536 assigned to Donnelly Cor-
poration, Holland, Michigan discloses an electrochromic
device incorporating a moisture control layer comprised
of either water reservoir material or water scavenger ma-
terial in conjunction with a moisture permeable interme-
diate barrier layer within the device. The water reservoir
material provides a source of water for those electrochro-
mic stacks which require water for proper apparition. For
stacks which require protection from moisture, water
scavenger material may be utilized. A moisture perme-
able intermediate barrier layer separates the moisture
control layer from the electrochromic stack. The Donnelly
system aims at improving an electrochromic element.
The Donnelly system does not disclose an activation of
an activation layer along a direction transversal to the at
least one activation layer.
[0009] US patent application 2002/0185385 assigned
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to Steven C. Charlton, discloses a test sensor having a
pair of electrodes and a reagent for electrochemically
measuring the concentration of the analyte in a liquid
sample. The test sensor comprises a capillary channel
for collecting the liquid sample and a conductor disposed
outside the capillary channel. The conductor is in fluid
communication with the capillary channel. The liquid test
sample is collected and moved through the capillary
channel. The liquid test sample contacts the conductor
when the capillary channel is substantially full to signal
a full condition. The document does not disclose an ac-
tivation layer made from an electrically conducting poly-
mer, nor does it disclose an apparatus which is functional
without electrodes.
[0010] Published US patent application US 5,602,804
A discloses a time indicator device with a display layer
with at least one defined display region therein. A migra-
tion layer is provided which overlies and is attached to
the display layer. The migration layer has at least one
migration region therein and in use each migration region
is in contact with at least one display region. An activation
layer is provided which has at least one defined activation
region therein. The activation region includes a migrating
agent capable of migrating laterally through the migration
region. When the activation layer overlies the migration
layer, each activation region overlies at least one migra-
tion region. The migration region connects each activa-
tion region with at least one display region which is lat-
erally distal from the activation region. In use and in order
to activate the device the activation layer and migration
layer are adhesively attached to each other. When the
activation layer is contacted with and overlies the migra-
tion layer, each activation region contacts at least one
migration region. Upon contact the migrating agent is ac-
tivated to migrate laterally from the activation region
through the migrating region to at least one display region
in a predetermined amount of time to cause an indication
in the display region that the predetermined amount of
time has elapsed. Preferably, the device has a plurality
of defined display regions, defined activation regions
and/or migration regions to provide a means for adjusting
the predetermined time, adjusting for environmental con-
ditions and to provide a plurality of elapsed times. Al-
though the indicator device of US 5,602,804 A discloses
an activation layer and a migration layer, the device is
based on a migrating agent that is present in the activa-
tion layer and starts to migrate when the activation layer
and the migration are getting in contact. Thus, the indi-
cator device of US 5,602,804 A is contact sensitive re-
garding activation layer and migration layer. It is regarded
as a disadvantage that the device of US 5,602,804 A is
restricted to the migrating agent in the activation layer
for its functionality.

SUMMARY OF THE INVENTION

[0011] The invention teaches an apparatus for activa-
tion of at least one element. The apparatus comprises at

least one activation layer that comprises an electrically
conducting polymer, wherein the at least one activation
layer is arranged on a surface of a substrate that is made
of an electrically insulating material and at least one mi-
gration layer deposited on the at least one activation layer
so that the at least one activation layer and the at least
migration layer are in contact. The migration layer is per-
meable to a fluid along a transversal direction across a
surface of the at least one migration layer such that a
change in doping level of the electrically conductive pol-
ymer of the at least one activation layer is achievable,
for activating the at least one activation layer along the
transversal direction for the portion of the activation layer
that is in contact with the fluid. The apparatus further
comprises an encapsulating layer that covers the at least
one migration layer, leaving a migration layer edge of the
at least one migration is in contact with the fluid. The
apparatus further comprises an encapsulating layer that
covers the at least one migration layer, leaving a migra-
tion layer edge of the at least one migration layer ex-
posed, so that the migration layer edge is accessible to
a fluid for activation of the at least one element.
[0012] The elements connected to the apparatus can
be a display element, an electrical switch, a time-control-
led resistor, a galvanic cell or any combination thereof.
Thus, the apparatus allows the activation of display ele-
ments, galvanic cells, switches, etc.
[0013] The present disclosure further relates to a meth-
od of manufacturing an apparatus as described above
for activation of at least one element. The method com-
prises a step of providing a substrate. The method further
comprises a step of the deposition of at least one activa-
tion layer on the substrate and further the deposition of
at least one migration layer on the activation layer such
that the at least one migration layer is in contact with the
at least one activation layer and finally the deposition of
an encapsulating layer on the migration layer for covering
the at least one migration layer, leaving a migration layer
edge of the at least one migration layer exposed, so that
the migration layer edge is accessible to a fluid.
[0014] Once the migration layer is permeated by the
fluid, the fluid establishes contact with the activation layer
and thereby activates the element. The extent of activa-
tion is displayed by an edge between the portion in con-
tact with the fluid and a portion of the activation layer not
in contact with the fluid. For the portion of the activation
layer that is in contact with the fluid, a change in doping
level occurs. The change in doping level changes phys-
ical properties of the portion of the activation layer in con-
tact with the fluid. Such physical properties can be a col-
our change, a change in electrical resistance or a change
of electrical charge.
[0015] Further this change in physical properties can
be used to activate elements such as a display element,
an electrical switch, a time-controlled resistor, a galvanic
cell or any combination thereof. The activation of the dis-
play element can be switched in a time dependent way.
Similarly, a galvanic cell can be made accessible as an
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energy storage after a certain period of time has elapsed.
In one aspect of the invention, it is possible to start the
activation of the element automatically simply by estab-
lishing the contact of the apparatus with water vapours.
Therefore, the apparatus can be stored for a long period
without being activated once a may be of particular rel-
evance for samples where time and temperature are crit-
ical such as for example blood samples. The change in
resistance allows for the apparatus also to be used as a
time dependent switch or a time-controlled resistor.
[0016] The present invention differs from the prior art
in that essentially the whole activation layer is available
for the activation of the elements which is induced by a
migrating fluid and not by an electrical current. The ap-
paratus of the invention further allows the triggering of
electrical switching after time has lapsed and is depend-
ent on the extent of activation reached within the activa-
tion layer. The apparatus further allows the use of control
functions which are governed by the extent of activation
within the activation layer. The apparatus of the invention
allows the implementation of a temperature dependence
into the behaviour of the apparatus. The temperature de-
pendence of the apparatus is given by the temperature
dependence of the migration velocity of the fluid within
the migration layer.
[0017] If the apparatus comprises a vapour travelling
distance, the temperature dependence of the apparatus
further depends on the temperature dependence of the
vapour diffusion. The time needed to cross the vapour
travelling distance is temperature dependent for the va-
pour portions of the fluid. Hence the apparatus can be
used as an indicator of the time and temperature the ap-
paratus is exposed to.
[0018] The present invention does not require elec-
trodes to be functional. The mere contact of the fluid with
a migration layer in contact with the activation layer or
just a direct contact with the activation layer is sufficient
to start the chemical reaction within the activation layer.
[0019] Another aspect of the apparatus according to
the invention is a combination with elements such as
chemically activated display elements or electrochromic
display elements or galvanic cells. The elements can be
arranged anywhere on and in contact with the surface of
the activation layer. The incorporation of electrochromic
display elements allows the switching of electrochromic
display elements on or off. The switching can, for exam-
ple, be used to display a message upon reaching a cer-
tain state of activation.
[0020] It is also possible to include galvanic elements
in the apparatus that serve as an energy storage and are
available upon activation of the galvanic element due to
the change of the activation layer.
[0021] In combination with a radio frequency identifi-
cation (RFID) system the switching effect can be used in
order to switch a load resistor of a transponder on or off.
[0022] The apparatus according to the invention may
be used as a time indicator that changes properties after
a period of time has elapsed. This functionality of the

apparatus may be used as a ticket to enter an event, the
ticket changing state (appearance, colour) after a certain
period has elapsed. Further such a functionality may be
used to display messages containing text or image infor-
mation for a limited time only. This sort of functionality
may prove very valuable for the display of advertising
information, albeit text or graphical information.
[0023] The apparatus may further be used as a time-
temperature integrator that monitors time and tempera-
ture the apparatus was exposed to after activation. This
functionality may be very useful as a "best use before"
label on foods and drinks or as a use-by label for drugs.
Further the apparatus could be used to display the time-
temperature integral a sample was exposed to after ac-
tivation. This may prove useful for diagnostic procedures
as well as bodily samples for which the temperature-time
integral is crucial, such as for example blood samples.

DESCRIPTION OF THE DRAWINGS

[0024]

Fig. 1a shows a first aspect of the apparatus 1 with
a window 52 in a top view.

Fig. 1b shows the apparatus 1 of Fig. 1a in a cross
sectional view.

Fig. 1c shows the apparatus 1 of Figs 1a and 1b in
use.

Fig. 2a shows a second aspect of the apparatus 1
comprising a narrow portion 27 within the activation
layer 20 in a top view.

Fig. 2b shows the apparatus 1 of Fig. 2a in a cross-
sectional view.

Fig. 2c shows the resistance characteristics for the
apparatus 1 of Figs. 2a and 2b.

Fig.3a shows the apparatus 1 with an exposed area
46 of the migration layer in top view.

Fig. 3b shows the apparatus 1 with an exposed area
46 of the migration layer in a cross-sectional view.

Fig. 3c shows various resistance characteristics.

Fig 4a shows the apparatus 1 with a fluid container
110 and a vapour travelling distance 120 and an ex-
posed surface area 141 on a surface of the fluid con-
tainer 110.

Fig. 4b shows the apparatus 1 with the fluid container
110, the vapour travelling distance 120 and a cap-
sule 270 comprising a fluid 70.
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Fig. 5a shows a rectangular shaped activation layer.

Fig. 5b shows an activation layer 20 with decreasing
width from left to right.

Fig. 5c shows an activation layer 20 with decreasing
width from right to left.

Fig 5d shows a curved activation layer 20 with de-
creasing width from left to right.

Fig. 5e shows a curved activation layer 20 with de-
creasing width from right to left.

Fig. 5f shows an activation layer comprising seg-
ments spaced apart from each other.

Fig. 6 shows the apparatus 1 comprising a mem-
brane 160 and a vapour travelling distance 120.

Fig. 7 shows the apparatus 1 with a narrow portion
27 arranged parallel to a direction of migration in a
top view (Fig. 7a) and a cross-sectional view (Fig.
7b).

Fig. 7c shows an activation layer 20 of reduced
length.

Fig. 8a shows the activation layer of Fig 2a with two
galvanic elements 210 and 210e and an electrochro-
mic display element 220.

Fig 8b shows the activation layer with a plurality of
display elements 220 and a plurality of galvanic el-
ements 210.

Fig. 8c shows the apparatus 1 in which the display
element 220 is permeated transversally.

Fig. 9 shows the apparatus 1in which the position of
the electrode 225 of the display element 220 is
changed.

Fig. 10a shows the apparatus 1 with a gas-permea-
ble membrane 160.

Fig 10b shows the apparatus from Fig. 10a further
comprising a display element that is permeated
transversally.

Fig. 10c shows another view of the apparatus 1.

Fig 11a shows the apparatus 1 with several galvanic
elements comprising second layers 250a, 250b and
250c.

Fig. 11b shows the apparatus 1 with several galvanic
elements comprising second layers 250a, 250b and

250c that are activated transversally.

Fig. 12 shows a first example of the apparatus 1 with
a vertical direction of migration comprising migration
layers 40a, 40b and 40c of a different thickness.

Fig. 13 shows a variation of the apparatus 1 with the
vertical direction of the migration as shown in Figure
12.

Fig. 14a shows a top view of the apparatus 1 forming
a transistor of a depletion type

Fig. 14b shows a cross-sectional view of the appa-
ratus 1 forming the transistor of the depletion type.

Fig. 14c shows a top view of the apparatus 1 forming
a transistor of an enhancement type.

Fig. 14d shows a cross-sectional view of the appa-
ratus 1 forming the transistor of the enhancement
type.

DETAILED DESCRIPTION OF THE INVENTION

[0025] For a complete understanding of the present
invention and the advantages thereof, reference is now
made to the following detailed description taken in con-
junction with the figures.
[0026] It should be appreciated that the various as-
pects of the invention discussed herein are merely illus-
trative of the specific ways to make and use the invention
and do not therefore limit the scope of the invention when
taken into consideration with the claims and the following
detailed description. It will also be appreciated that fea-
tures from some aspects of the invention may be com-
bined with features from other aspects of the invention.
[0027] Fig. 1 shows a first embodiment of an apparatus
1 according to the invention in a top view (Fig. 1a) and a
cross-sectional view (Fig. 1b). The position of the cross-
sectional view (Fig. 1b) is shown in Fig. 1a by means of
a dashed-dotted line and a direction of the cross-section-
al view is indicated by two arrows.
[0028] Fig. 1 shows a substrate 10 which is made of a
material which is electrically insulating, temperature sta-
ble, resistant to organic solvents used during a manufac-
ture of the apparatus 1 as well as to a fluid 70 as will be
explained later. Without any limitation to the invention,
the substrate 10 may be made of a plastic material, such
as polyester, co-extruded polyethylene, polyethylene
terephthalate, polyethylene naphthalene dicarboxylate,
polyethylene, polyamide, polypropylene or polycar-
bonate. The substrate 10 could also be made of paper,
coated paper, glass or ceramic. The thickness of the sub-
strate 10 can range from a few millimetres to a few mi-
crometres. A typical value for the thickness of the sub-
strate would be in the range of 200mm.
[0029] At least one activation layer 20 is arranged on
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a surface of the substrate 10. Two, three or more activa-
tion layers 20 could be present. A second portion 22 of
the activation layer 20 is in contact with the fluid 70. A
first portion 21 of the activation layer 20 is characterized
by not yet being in contact with the fluid 70.
[0030] The activation layer 20 is made from an electri-
cally conducting polymer, preferably doped polyaniline
(PANI) or poly(ethylenedioxythiophene) (PEDOT) doped
with polystyrene sulphonic acid (PEDOT:PSS), as well
as any other electrically conducting polymer. PANI is
available from Panipol in Finland as PANIPOL T [PANI
is dissolved within toluene - see http://www.panipol.fi/in-
dex.php?option=content&task=view&id=3&Itemid=26,
accessed on 12 October 2007]. The activation layer 20
may also be made of electrically conducting poly(3,4-
ethylendioxy)thiophene. The PEDOT is made from an
oxidative polymerisation of the monomer ethylenediox-
ythiophene with iron (III)-salts being present as an oxi-
dizing agent and is available from BAYER doped with
polystyrene sulphonic acid (PSS) under the trade name
Baytron P. The PSS is added during the polymerisation
of PEDOT to form PEDOT:PSS. The material used is a
suspension of PEDOT:PSS dissolved in water. For fur-
ther information about PEDOT:PSS, reference is made
to the web page http://www.hcstarck.de/in-
dex.php?page_id=602, as accessed on 12 October
2007, and A.N.Aleshin, S.R. Williams, A.J. Heeger, Syn-
thetic Materials, 1998, 97, p. 173.
[0031] The PEDOT:PSS-material is prepared accord-
ing to a recipe given in Lu et al, Journal of Appl.
Phys.,2002, 92 No. 10, 6033. 5 ml of ethylene glycol are
mixed with one drop of dodecylbenzenesulfonic acid
(DBSA) and shaken. DBSA is available from Fluka
Chemie GmbH. 1 ml of the resulting solution is mixed
with 5 ml of the Baytron P solution and again stirred. The
result was a dark blue solution which allows a deposition
onto the substrate layer 10.
[0032] Alternatively PEDOT:PSS as a layer on the sub-
strate 10 is available under the trade name Orgacon TM
EL-350 sold by the company AGFA [see, for example,
http://www.ag-
fa.com/docs/sp/advanced_materials/Orgacon_EL-
350_21006.pdf accessed on 12 October 2007]. Orgacon
TM EL-350 is a 175 mm thick polyester foil together with
a PEDOT:PSS-layer with a sheet resistance < 350
Ohm/sq.
[0033] Typically the thickness of the activation layer 20
is in the range between 50 nm and 500 nm. If the activa-
tion layer 20 further comprises composite materials, as
explained below, the thickness of the activation layer 20
may be in the range of a few hundred mm. The use of
nano particles or micro particles embedded into the ac-
tivation layer 20 would increase the volume of the acti-
vation layer and limit the activation to a thin layer at the
surface of the activation layer 20, only.
[0034] Alternatively it is possible for the activation layer
20 to comprise combinations of materials, for example
successions of layers comprising PEDOT:PSS and PA-

NI. Further it is possible to deposit polymer material onto
thin metal layers. Further it is possible to implement the
activation layer 20 using material that has a homogene-
ous doping level upon manufacture of the activation layer
20. Without any limitation it is of course possible to use
activation layer material that shows a spatial variation of
the doping level. So the doping level within the activation
layer 20 may very well comprise step profiles of doping
level or arbitrarily shaped profiles of doping level, as well
as a doping level N that varies as a function of a position
x within the activation layer 20 such that N=f(x).
[0035] Further the activation layer 20 may comprise a
thin layer of metal, such as a thin layer of aluminium. The
thickness of the aluminium layer forming the activation
layer 20 would be in the range of a few nm up to a few
100 nm. The aluminium layer may be formed by a thin
film process. It is also possible to fabricate the aluminium
layer from aluminium particles by spray coating.
[0036] An electrode 30 forms another layer on top of
the surface of the substrate 10. The electrode 30 is made
from PANI, PEDOT:PSS or another electrically conduct-
ing material. According to one aspect of the invention
both the activation layer 20 and the electrode 30 may be
made of the same electrically conducting polymer.
[0037] Further examples of the electrically conducting
polymers used for the apparatus 1 include, but are not
limited to, polythiophenes, polypyrroles, polyanilines,
polyisothianaphtalenes, polyphenylene vinylenes, po-
ly(para-phenylen), poly(para-phenylen-vinylen) and co-
polymers thereof. The copolymers are selected from po-
ly(3,4-methylenedioxythiophene), poly(3,4-methylene-
dioxythiophene) derivatives, poly(3,4-ethylenedioxythi-
ophene), poly(3,4-ethylenedioxythiophene) derivatives,
poly(3,4-propylenedioxythiophene), poly(3,4-propylene-
di-oxythiophene) derivatives, poly(3,4-butylenediox-
ythio-phene), poly(3,4-butylenedioxythi- ophene) deriv-
atives, poly-3-methylthiophene and poly-3,4-dimethylth-
iphene and copolymers therewith.
[0038] Further suitable materials as electrically con-
ducting polymers used for the apparatus 1 according to
this invention are a polymer or copolymer of a 3,4-di-
alkoxythiophene, Poly(dialkylfluorene) derivatives, cis-
polyacetylen and trans-polyacetylen.
[0039] The activation layer 20 and the electrode 30 are
covered by at least one migration layer 40. There may
be more than one migration layers 40.
[0040] Without any limitation to the invention it is further
possible to inverse the order of migration layer 40 and
activation layer 20, such that the activation layer 20 is
placed on top of and in a contact with the migration layer
40. In a method for manufacture of the apparatus 1 an
in-line process or continuous process is used for a dep-
osition of subsequent layers of material onto the sub-
strate 10 to form the apparatus 1 according to the inven-
tion. The method for the deposition of the migration layer
40, the activation layer 20 and/or the electrode 30 onto
the substrate 10 can be screen printing, spin coating,
spray coating, pad printing and dip coating as well as
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combinations thereof. Pattering of the activation layer 20,
migration layer 40 and/or the electrode 30 can be
achieved by lithography, screen printing or using a cutting
plotter.
[0041] The migration layer 40 as well as an electrolyte
matrix layer 185 of a display element 220, as shown on
Fig. 8, are made from a material, wherein the material is
able to absorb the fluid 70. The material able to absorb
the fluid 70 can be any material which can be permeated
by the fluid 70. As known in the art several polymers are
suitable to absorb the fluid 70.
[0042] In one example the migration layer is made of
polyvinyl alcohol (PVA) as main ingredient. The migration
layer 40 and the electrolyte matrix layer 185 may be pro-
duced in the following way: 0.2 g of CaCl2 · 6H2O was
dissolved in 10 ml of desalted water and the resultant
solution was mixed with 0.6 g of polyvinyl alcohol and
stirred at 80°C for approximately two hours to form a mix-
ture. 0.35g of isopropanol was added to the mixture once
the mixture had cooled. This mixture was deposited onto
the substrate 10 and subsequently dried. The method for
the deposition of migration layer 40 onto the substrate
10 is screen printing, spin coating, spray coating, pad
printing and dip coating as well as combinations thereof.
Pattering of the migration layer 40, the activation layer
20 or the electrode 30 can be achieved by means of
screen printing, lithography or by using a cutting plotter.
[0043] Typically the thickness of the migration layer 40
will be in the range of a few mm up to 1 cm, more pref-
erably in the range of a few 10 mm up to a few 100 mm.
[0044] In another aspect of the apparatus 1 according
to this invention the migration layer 40 may comprise an
electrolyte, more preferably a gel electrolyte such as
tetrabutyl ammonium hexafluorophosphate (TBAPF6) /
poly(methyl metacrylate) (PMMA) / propylene carbonate
(PC) / acetonitrile (ACN). If the mixture TBAPF6/ PMMA/
PC/ACN is used for the migration layer 40, the mixture
is preferably used in a ratio of substantially 3:7:20:70 by
weight.
[0045] The migration layer 40 may be solidified by
means of gelatine, a gelatine derivative, starch, poly-
acrylic acid, polymethacrylic acid, Polyhydroxyethyl-
methacrylat (HEMA), poly(vinylpyrrolidone), polysac-
charides, polyacrylamides, polyurethanes, polypropyl-
ene oxides, polyethylene oxides, poly(styrene sulphonic
acid) and salts and copolymers thereof, in which the so-
lidified gel electrolyte comprises an ionic salt. Further ma-
terials suitable to form the migration layer 40 or the elec-
trolyte matrix 185 of the display element 220 are solid
polymer electrolytes (SPE) such as a sulphonated
tetrafluoroethylene copolymer (commercially available
as Nafion®), poly (styrene sulphonic) acid (PSSH) or poly
(ethylene oxide) (PEO).
[0046] Additionally to the aforementioned electrolytes
used within the migration layer 40 or the electrolyte matrix
layer 185, any other electrolyte may be used for example
LiCl04 solved within acetonitrile or citric acid (0,01M to
1M) or NaOH (0,01M to. 1M) solved in water.

[0047] The migration layer 40 containing citric acid or
NaOH is dried after fabrication. After activation the mi-
gration layer 40 is permeated by an electrolyte containing
an acid or a base due to the sorption of water. The elec-
trolyte containing the acid or the base is of interest for
chemical doping of the activation layer 20.
[0048] A temperature dependence of the migration
process in the migration layer 40 depends on the com-
position of the migration layer 40. For example it is pos-
sible to increase a salt content (e.g. CaCl2) or a content
of a citric acid or a content of NaOH to influence the tem-
perature dependence of the migration process in the mi-
gration layer 40.
[0049] Moreover, materials suitable to form the migra-
tion layer 40 can also include capillary substances capa-
ble of the absorption of an electrolyte. Such capillary sub-
stance include, but are not limited to, paper, chromatog-
raphy paper, a thin layer of adsorbent material (e.g. silica
gel), aluminium oxide, or cellulose. For the migration lay-
er 40 comprising capillary materials the thickness of the
migration layer 40 ranges between 10 mm and a few
100mm.
[0050] It is also possible in some aspects of the inven-
tion to use combinations or composite materials compris-
ing the above materials and capillary substances. In or-
der to control the properties of the permeation within the
migration layer 40 it is possible to use materials compris-
ing microparticles or nanoparticles as components of the
migration layer 40. Preferably the microparticles or nan-
oparticles within the migration layer 40 are titanium oxide
or silicon oxide.
[0051] It is also possible to form the migration layer 40
as a multilayer. For example the migration layer 40 may
comprise a first layer formed from a neutral PVA solution
and comprise a second layer formed from a PVA solution
with a citric acid or NaOH. The first layer and the second
layer are on top of each other.
[0052] It is even possible to compose the migration lay-
er 40 from segments with a different composition. For
example a first segment of the migration layer 40 may
contain NaOH, whereas a second segment of the migra-
tion layer 40 does not contain NaOH. The different com-
position is also possible for other components of the ap-
paratus 1.
[0053] It is further possible for the migration layer 40
to be formed by means of a delaminating process trig-
gered when using the apparatus 1. According to such an
aspect of the apparatus 1 the migration layer 40, for ex-
ample comprising PVA, may be omitted. The delaminat-
ing process may occur between the encapsulating layer
50 and the activation layer 20 and be triggered by the
contact of the electrolyte with the encapsulating layer 50
and the activation layer 20. After the delaminating proc-
ess of the activation layer 20 and the encapsulating layer
50 the electrolyte may permeate as a thin film of fluid 70
between the activation layer 20 and the encapsulating
layer 50. This slow process of permeation constitutes a
migration process. Hence the migration layer according
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to such a delaminating process is self forming between
the phase boundaries of activation layer 20 and encap-
sulating layer 50. Likewise a delaminating process may
occur between the activation layer 20 and the substrate
10.
[0054] It is also possible to merge the migration layer
40 and the activation layer 20. The merging of the acti-
vation layer 20 and the migration layer 40 can be imple-
mented using any activation layer material suitable to
absorb the fluid 70. The sorption or absorption of the fluid
70 can be enhanced by blending the material of the ac-
tivation layer 20 with the material of the migration layer
40. One example of blended material of the activation
layer 20 and the migration layer 40 is a PANI/PVA com-
posite.
[0055] Fig. 1 also shows a first contact layer 61 on and
in contact with the activation layer 20. The electrode 30
is in contact with a second contact layer 62 which is ar-
ranged on a top surface of the electrode 30. The first
contact layer 61 and the second contact layer 62 may be
made of silver paste. The first contact layer 61 and the
second contact layer 62 may be omitted from the appa-
ratus 1. The purpose of the first contact layer 61 and the
second contact layer 62 is to apply a potential difference
between the activation layer 20 and the electrode 30.
The migration layer 40 is covered or sealed by an encap-
sulating layer 50 leaving at least an exposed edge 45 of
the migration layer 40 exposed. The exposed edge 45 is
shown in Fig. 1b as a left hand edge. The selection of
the left hand edge as the exposed edge 45 is arbitrary.
In Fig. 1a the encapsulating layer 50 is not shown for
better clarity of the figure. The encapsulating layer 50 is
made from a lacquer coating that is applied to cover at
least the activation layer 20 and the migration layer 40.
The encapsulating layer 50 may further comprise a layer
of lacquer based on an acrylic resin or an acrylic resin
copolymer. Additionally any other combination of mate-
rials that sufficiently seal the apparatus 1 and also stick
to the surface of the apparatus 1 would be suitable. To
deposit the encapsulating layer 50 onto the apparatus 1
it is possible to use the same methods as for the depo-
sition of the activation layer 20 or the migration layer 40.
The methods for the deposition of the activation layer 20
and the migration layer 40 are described above. Typically
the thickness of the encapsulating layer 50 is in the range
of a few mm up to 1 cm, more preferably within the range
of a few 10 mm up to a few 100 mm. It is also possible to
form the encapsulating layer 50 by a heat sealing film.
[0056] Fig. 1b shows the exposed edge 45 of the mi-
gration layer 40 on the left hand edge of apparatus 1
together with an exposed edge 25 of the activation layer
20. The exposed edge 25 of the activation layer 20 can
be omitted. In Fig. 1b both of the exposed edge 45 and
the exposed edge 25 may be in contact with the fluid 70.
Most conveniently, this fluid 70 can be water vapour, liq-
uid water or a water based electrolyte.
[0057] An activation of the apparatus 1 is established
by creating a contact of the exposed edge 45 of the mi-

gration layer 40 with the fluid 70. This contact defines a
point in time for the initiation of the activation of the ap-
paratus 1. A permeation of the fluid 70 starts within the
migration layer 40 with the activation of the apparatus 1.
[0058] In one aspect of the invention, the fluid 70 may
comprise water vapour and the migration layer 40 com-
prises PVA. The migration layer 40 may also have salt
crystals embedded within the migration layer 40. The
PVA is capable of absorbing water and, as a result, the
PVA is partially dissolved and the water-based electrolyte
permeates the migration layer 40 up to a limit 130. In Fig.
1b, the fluid 70 is shown as having travelled within a sec-
ond portion 42 of the migration layer 40. A first portion
41 of the migration layer 40 has no contact with the fluid
70. The second portion 42 of the migration layer 40 is
shown as a hatched area in Fig. 1b. The limit 130 is be-
tween the first portion 41 and the second portion 42. Al-
ternatively, water or a water based electrolyte may be
brought into contact with the migration layer 40.
[0059] In Fig. 1 the portion of the fluid 70 that has trav-
elled to the limit 130 within the second portion 42 of the
migration layer 40 comes in contact with a second portion
22 of the activation layer 20 and with the portion of the
electrode 30 being covered by the second portion 42 of
the migration layer 40. The contact between the fluid 70
within the second portion 42 of the migration layer 40 and
the second portion 22 of the activation layer 20 estab-
lishes a local chemical cell 85 in which a chemical reac-
tion or an electrochemical reaction can be triggered. The
chemical reaction as well as the electrochemical reaction
will cause a change in doping level within the second
portion 22 of the activation layer 20 as part of the local
chemical cell 85.
[0060] The term "change in doping level" may also refer
to a change in an oxidation state of the activation layer
20. The change in doping level is, for example, an oxi-
dation of the activation layer 20 or a reduction of the ac-
tivation layer 20. So when the activation layer 20 com-
prises aluminium the oxidation of aluminium to aluminium
oxide is the change in doping level.
[0061] If, for example, the electrode 30 and the activa-
tion layer 20 are made of the same material (for example,
PEDOT:PSS), then the electrochemical reaction may be
triggered via a bias voltage (for example 1.5 volts) applied
between the contact layer 61 and the contact layer 62.
[0062] If, for example, the electrode 30 is connected
as an anode and the activation layer 20 is connected as
a cathode, an electrochemical reduction within the sec-
ond portion 22 of the activation layer 20 is caused. The
electrochemical reduction changes the doping level with-
in the second portion 22 of the activation layer 20. The
change in doping level further leads to an electrochromic
colour change which changes the colour of the second
portion 22 of the activation layer 20 to dark blue. In Fig.
1a the reduced portion of the second portion 22 of the
activation layer 20 is shown as hatched area together
with the edge 80 of the second portion 22 of the activation
layer 20. The travelling edge 80 between the second por-
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tion 22 and the first portion 21 of the activation layer 20
moves with the growth of the second portion 22 of the
activation layer 20.
[0063] The apparatus 1 can be used as a time indicator.
The time indicator is implemented marking the position
of the elapsed time after the point in time of activation by
the position of the travelling edge 80 of the electrochem-
ically changed second portion 22 of the activation layer
20, as is shown in Fig. 1c.
[0064] It is also possible to use the apparatus 1 to de-
termine a time-temperature integral. The time-tempera-
ture integral is implemented by ensuring that a velocity
of the migration of the fluid 70 within the second portion
42 of the migration layer 40 depends on the temperature
of the apparatus 1.
[0065] The apparatus 1 according to Figs. 1a and 1b
may have the encapsulating layer 50 arranged as shown
in Figs. 1b and 1c. If the encapsulating layer 50 further
comprises a window 52, it is possible to observe the trav-
elling edge 80 of the second portion 22 of the activation
layer 20 as the second portion 22 of the activation layer
20 changes colour due to the chemical reaction or the
electrochemical reaction causing the change in doping
level. The use of an optical display with the window 52
on the upper surface of the substrate 10 requires the
materials positioned between the window 52 and the ac-
tivation layer 20 to be transparent materials.
[0066] The encapsulating layer 50 may also be formed
on the apparatus 1 on an underside of the substrate 10.
In another aspect of the invention it is possible for the
window 52 to be printed onto the substrate 10 on the
underside of the substrate 10. The use of an optical dis-
play with the window 52 on the bottom side of the sub-
strate 10 requires the materials positioned between the
window 52 and the activation layer 20 to be transparent
materials. In this case, transparent materials are used
for the substrate 10, for the activation layer 20 and the
encapsulating layer 50. The window 52 is still visible from
top of the apparatus 1, although the window 52 has been
printed underneath the substrate 10.
[0067] According to a further aspect of the invention in
which the activation layer 20 is made from PEDOT:PSS,
the change in doping level within the second portion 22
of the activation layer 20 causes not only the colour
change but moreover an increase in electrical resistance.
The increase in electrical resistance can be used to trig-
ger an electrical switch once a defined time after the point
in time of the activation has elapsed. The use of the elec-
trical switch is shown in more detail in Figs. 2a and 2b.
[0068] Figs. 2a and 2b show the same apparatus 1 as
Figs. 1a and 1b. The activation layer 20 within the Figs.
2a and 2b has not only a first portion 21 and a second
portion 22, but additionally a narrow portion 27. In the
narrow portion 27 the width of the activation layer 20 is
reduced with respect to the other parts of the activation
layer 20. A further contact layer 63 is also present which
is in contact with the activation layer 20 as shown in Fig.
2a. The encapsulating layer 50 is not shown within Fig.

2a to improve the clarity of Figs. 2a and 2b.
[0069] The activation of the apparatus 1 as shown in
Fig. 2 is achieved in the same way as described in Fig.
1. The fluid 70 comes into contact with the migration layer
40. In Fig. 2 the second portion 42 of the migration layer
40 is the portion already in contact and permeated by the
fluid 70 and is shown as hatched area. The extent of
permeation within the second portion 42 of the migration
layer 40 is only shown within Fig. 2b for purposes of clarity
of the figures. The fluid 70 comes into contact with the
activation layer 20 and the second portion 22 of the ac-
tivation layer 20 is formed.
[0070] If the electrode 30 and the activation layer 20
within Fig. 2 comprise the same material, preferably for
example PEDOT:PSS, then the electrochemical reaction
may be triggered via a bias voltage (for example 1.5 volts)
across the further contact layer 63 and the second con-
tact layer 62, as described above. It may prove conven-
ient to connect the further contact layer 63 as the cathode
and the second contact layer 62 as the anode The elec-
trochemical reduction takes place within the second por-
tion 22 of the activation layer. The electrochemical re-
duction gives rise to the electrochromic colour change
that changes the colour of the second portion 22 of the
activation layer 20 to dark blue. This electrochemically
reduced portion 22 of the activation layer 20, arranged
underneath and in contact with the migration layer 40, is
displayed together with the travelling edge 80 in Figs. 2a
and 2b.
[0071] If the travelling edge 80 of the electrochemically
reduced second portion 22 of the activation layer 20 pass-
es the narrow portion 27, this passage of the travelling
edge 80 will give rise to an increase in electrical resist-
ance. The increase in electrical resistance can be meas-
ured across the first contact layer 61 and the further con-
tact layer 63. The steepness dR/dt of the increase in elec-
trical resistance depends on the velocity of permeation
of the fluid 70 within the migration layer 40 and further
the width of the narrow portion 27. The width of the entire
migration layer 40 lies in the range between 1 mm and a
few millimetres, and the width of the narrow portion 27
between 1 mm and a few 100 mm.
[0072] Moreover the steepness dR/dt of the increase
in resistance depends on a velocity at which the migration
layer 40 is permeated or dissolved upon contact with the
fluid 70.
It is possible for the narrow portion 27 not only to be
orientated perpendicular to the direction of permeation
of the fluid 70 within the second portion 42 of the migration
layer 40. The narrow portion 27 may alternatively be ori-
entated in a direction parallel to the direction of perme-
ation within the second portion 42 of the migration layer
40. This aspect of the apparatus 1 is shown on Fig. 7.
Fig. 7 illustrates the narrow portion 27 within the activa-
tion layer 20 which is orientated in a direction parallel to
the direction of the permeation of the fluid 70 within the
migration layer 40. A change in electrical resistance can
be used for the process of electrical switching. One ex-
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ample of the use of the apparatus 1 would be to switch
an electrochromic display element 220 on or off. It is also
possible to use the change in electrical resistance to in-
duce a load modulation, for example in an RFID (Radio
Frequency Identification) system. A supporting structure
for the RFID module is needed. It may be convenient to
use the substrate 10 as the supporting structure. The
load modulation over time is present across the first con-
tact layer 61 and the further contact layer 63.
[0073] In another aspect of the invention a control func-
tion may be based on changes in the electrical resistance.
The change in electrical resistance might either be con-
tinuous or due to a geometry of the edges of the activation
layer 20. Different ones of the geometry of the activation
layer 20 lead to different dependencies of the slope dR/dt
with time. This is illustrated in Fig. 3c.
[0074] Fig. 3 shows a top view (Fig. 3a) and a cross-
sectional view (Fig. 3b) of the apparatus 1 of the inven-
tion. The position of the cross-section is indicated by the
dash-dotted line and the direction of view is further indi-
cated by means of two arrows in Fig. 3a. The activation
layer 20 extends on the substrate 10. The first portion 21
of the activation layer 20 is not yet in contact with the
fluid 70. The second portion 22 of the activation layer 20
has already established contact with the fluid 70. An ad-
ditional layer on the substrate 10 comprises an electrode
100 which may comprise the same material as the acti-
vation layer 20. The activation layer 20 and the electrode
100 are covered by a t-shaped migration layer 40 com-
prising a permeated second portion 42 and a non-per-
meated first portion 41. Contact layers 61 and 62 extend
on top of and in contact with the activation layer 20. A
further contact layer 63 is present on the electrode 100.
The contact layers 61, 62, 63 are made, for example,
from conductive silver paste. The contact layers 61, 62
and 63 can be omitted. The contact layers 61, 62 and 63
help contact the activation layer 20 or the electrode 100
and facilitate the application of a potential difference. The
migration layer 40 is partly covered with the encapsulat-
ing layer 50, leaving an exposed area 46 of the migration
layer 40 uncovered. In Fig. 3a for clarity purposes the
encapsulating layer 50 is not shown.
[0075] A deposition of the fluid 70 (not shown in Fig.
3) onto the exposed area 46 of the migration layer 40
defines the commencement of the point in time of acti-
vation of the apparatus 1. The exposed area 46 may be
sealed using an epoxy resin or a sticky tape once the
fluid 70 is deposited onto the exposed area 46. The fluid
70 starts to permeate within the migration layer 40 after
the activation of the apparatus 1. The electrolyte perme-
ates the PVA within the migration layer 40 up to the border
130. As disclosed above, the fluid 70 dissolves the PVA
layer within the migration layer 40. Again for the clarity
of the drawings the permeation is only shown in Fig. 3b.
[0076] After the electrolyte has permeated the migra-
tion layer 40 up to the limit 130, the electrolyte is now in
contact with both the second portion 22 of the activation
layer 20 lying underneath the migration layer 40 as well

as with the electrode 100. This forms the local electro-
chemical cell 85 within which chemical reactions and/or
electrochemical reactions may be triggered. As dis-
cussed above, the order of the activation layer 20 and
the migration layer 40 may be reversed, so that the ac-
tivation layer 20 is on top of the migration layer 40. This
order of activation layer 20 and migration layer 40 is pos-
sible for all arrangements of migration layer 40 and acti-
vation layer 20. It is sufficient that the activation layer 20
and the migration layer 40 are in contact with each other.
[0077] If, as according to the aspect of the apparatus
1 shown in Fig. 3, the electrode 100 comprises the same
material as the activation layer 20 then the electrochem-
ical reaction may be triggered by applying a bias voltage
across the contact layer 61 (or 62) and the contact layer
63, whereby the contact layer 63 is in contact with the
electrode 100. If the electrode 100 is connected as the
anode and the activation layer 20 is connected as the
cathode, this bias voltage gives rise to an electrochemical
reduction of the activation layer 20. The electrochemical
reduction further leads to the increase in electrical resist-
ance across the contact layers 61 and 62, together with
the electrochromic colour change that changes the colour
of the second portion 22 of the activation layer 20 to dark
blue. In Fig. 3a and 3b the reduced portion 22 of the
activation layer 20 and the travelling edge 80 as well as
the non-reduced portion 21 of activation layer 20 are in-
dicated.
[0078] Fig. 3c illustrates the electrical resistance
measured across the contact layers 61 and the contact
layer 62 as a function of time t. The behaviour of the
resistance R over time R(t) follows the characteristics
shown in curve i if the activation layer 20 as shown in
Fig. 3a and Fig. 5a comprises parallel edge contours,.
The R(t)-behaviour follows the curve j if the edge contours
of the activation layer 20 show a reducing profile from
left to the right as depicted in Fig. 5b or 5d. The R(t)-be-
haviour follows the contour k for edge contours as shown
in Fig. 5c or 5e. This invention allow for the use of arbi-
trarily shaped edge contours, such that different edge
contours lead to different R(t)-behaviours.
[0079] Fig. 4a shows another aspect of the apparatus
1 according to the invention. The apparatus 1 further
comprises a vapour travelling distance 120 which is
shown in a cross-sectional view. A portion of the migra-
tion layer 40 has merely been replaced by the vapour
travelling distance 120. The vapour travelling distance
120 is formed as a hollow volume. At least one of the
limits of the vapour travelling distance 120 is in contact
with either the exposed edge 45 of the migration layer
40 or, as shown in Fig. 4a, in contact with both the edge
25 of the activation layer 20 and the exposed edge 45 of
the migration layer 40. The fluid 70 travels across the
vapour travelling distance 120 by means of a vapour dif-
fusion. The vapour travelling distance 120 may conven-
iently be formed by providing a hole or a gap within the
migration layer 40. Additionally it is possible for the va-
pour travelling distance 120 to be formed by a volume
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comprising a material that is permeable to the vapour
portions of the fluid 70. Such materials permeable to the
vapour portions of the fluid 70 include but are not limited
to blotting paper, paper, chromatography paper etc.
[0080] The vapour travelling distance 120 within this
aspect of the invention disclosed in Fig. 4 allows for a
time dependent and further allows for a pronounced tem-
perature dependent behaviour of the apparatus 1. The
pronounced temperature dependent behaviour of the ap-
paratus 1 is an additional feature compared to the time
and temperature dependent behaviour of the apparatus
1 as disclosed in Figs. 1 to 3. The temperature depend-
ence of the migration of the fluid 70 as disclosed within
Figs. 1 to 3 only shows a mild temperature dependence
compared to the temperature dependence for the appa-
ratus 1 of Fig. 4 further comprising a vapour travelling
distance 120. The pronounced temperature dependence
of the apparatus 1 of Fig. 4 stems from the pronounced
temperature dependence of the vapour diffusion across
the vapour travelling distance 120. Hence the change in
doping level within the second portion 22 of the activation
layer 20 of the apparatus 1 depends on the temperature
in a pronounced way. It is therefore possible to determine
the temperature-time-integral to which the apparatus 1
of Fig. 4 comprising a vapour travelling distance 120 is
exposed.
[0081] The apparatus 1 of Fig. 4a is substantially the
same as the apparatus shown in Figs. 1 to 3 except that
the substrate 10 further comprises the vapour travelling
distance 120 and a fluid container 110. This fluid con-
tainer 110 may be made of PVA or blotting-paper. Pref-
erably the fluid container 110 comprises a polymer ma-
terial. More preferably the fluid container 110 comprises
the polymer used for the migration layer 40. Even more
preferably the fluid container comprises a combination
of blotting paper and PVA. The fluid container 110 is de-
posited onto the substrate 10 as a bulk layer. If the fluid
container 110 and the migration layer 40 comprise the
same material, it may prove convenient during manufac-
ture of the apparatus 1 to deposit the fluid container 110
together with the migration layer 40 in a single step of
deposition.
[0082] The fluid container 110 is partly covered by the
encapsulating layer 50. An exposed surface area 141 is
present on a surface of the fluid container 110 not cov-
ered by the encapsulating layer 50. If the exposed area
141 comes into contact with the fluid 70 such as water,
not shown in the figure, then the fluid 70 will permeate
the volume of the fluid container 110.
[0083] The fluid 70 that permeates the volume of the
fluid container 110 comes into contact with the vapour
travelling distance 120. The vapour from the fluid 70
crosses the vapour travelling distance 120 by means of
vapour diffusion and comes into contact with the exposed
edge 45 of the migration layer 40. By permeating the
second portion 42 of the migration layer 40 the fluid 70
comes into contact with the second portion 22 of the ac-
tivation layer 20 which triggers the chemical or electro-

chemical reaction. Note, the second portion 22 of the
activation layer 22 as well as the second portion 42 of
the migration layer 40 are not shown within Fig. 4.
[0084] The time or rather the time-temperature-behav-
iour of the apparatus 1 depends on the velocity of migra-
tion of the fluid 70 within the migration layer 40 and further
on the temperature dependence of the vapour diffusion
along the vapour travelling distance 120. The tempera-
ture behaviour of the apparatus 1 can be tuned by varying
parameters such as a velocity of migration within the mi-
gration layer 40 or the temperature dependence of the
vapour diffusion. Geometrical parameters to adjust the
time and/or time-temperature dependence of the appa-
ratus 1 are: the volume of the fluid container 110, the
surface area of the wall that delimits the vapour travelling
distance 120 as well as the exposed area 46 (as in Fig.
3a and b of the migration layer 40, the exposed edge 45
of the migration layer 40; the thickness of the migration
layer 40 and the length and the volume of the vapour
travelling distance 120. The optimisation of the listed pa-
rameters is relevant for the use of the apparatus 1 as
time-indicator or as temperature-time-integrator.
[0085] Further composite materials or capillary mate-
rials may be used within the migration layer 40. Even
combinations of the further composite materials or cap-
illary materials with the polymer, for example PVA, are
possible.
[0086] Such capillary substances include, but are not
limited to, paper, chromatography paper, a thin layer of
adsorbent material (e.g. silica gel), aluminium oxide, or
cellulose. Additionally it is possible to have nano particles
or micro particles embedded within the PVA material.
The nano particles or micro particles may comprise but
are not limited to silicon oxide or titanium oxide. The use
of composite materials for the migration layer 40 may
help to optimize the time-behaviour or the time-temper-
ature-behaviour of the apparatus 1.
[0087] The apparatus 1 of Fig. 4a has been modified
in Fig. 4b. In Fig 4b on top of the fluid container 110 there
is a capsule 270 comprising the fluid 70 in contact with
the fluid container 110. The skin of the capsule 270 is
breakable. If sufficient pressure is exerted on top of the
capsule 270, the skin of the capsule 270 is ruptured and
the fluid 70 comes into contact with the fluid container
110. This contact triggers the activation of the apparatus
1 as described in Fig. 4a. In an aspect of the apparatus
1 the skin of the capsule 270 may be selected such that
sufficient pressure to rupture the skin of the capsule 270
can be exerted by a person using a finger.
[0088] The capsule 270 may be made from glass, plas-
tic or any other material that contains the fluid 70 in a
safe way and is easily broken by application of a pres-
sure, so that the pressure applied to the capsule 270 just
causes the skin of the capsule to rupture.
[0089] The vapour travelling distance 120 in Fig. 4 can
also be omitted. In case of omitting the vapour travelling
distance 120, the fluid container 110 is in contact with
the exposed edge 45 of the migration layer 40. It is also
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possible that the fluid container 110 is an extension of
the migration layer 40. If the fluid container 110 contains
a component which can be solved and transported by
the fluid 70, a chemical reaction can be caused in the
activation layer 20.
[0090] In another example, the activation layer 20 com-
prises PANI in the form of an emeraldine salt (green) and
the fluid container 110 contains 0,5M NaOH. After acti-
vation an aqueous NaOH solution permeates the migra-
tion layer 40 and transforms PANI by chemical reaction
into an emeraldine base form (blue) of PANI.
[0091] In a further example the activation layer 20 com-
prises PANI in the form of an emeraldine base (blue) and
the fluid container 110 contains a 0,5M citric acid. After
activation an aqueous solution of the citric acid perme-
ates the migration layer 40 and transforms PANI by
chemical reaction into an emeraldine salt form (green)
of PANI.
[0092] Fig. 5 shows different ones of the edge ge-
ometries for the migration layer 40. The contour shown
in Fig. 5a, for example, corresponds to the contours of
migration layer 40, as discussed with respect to Figs. 1
to 3. Figs. 5b and 5d show edge contours which are of
reducing width from left to right. Figs. 5c and 5e show
edge contours which are of increasing width from left to
right. In Fig. 5f, the migration layer 40 is shown as being
split into smaller sub elements. The sub elements of ac-
tivation layer 40 are covered by the encapsulating layer
50, such that for each migration layer element 40 the left
hand edges and the right hand edges as well as the top
edges are covered by the encapsulating layer 50. This
arrangement of elements of the activation layer 40 forms
a plurality of the vapour travelling distances 120a. The
plurality of vapour travelling distances 120a has the same
effect as the vapour travelling distance 120 in Fig. 4. The
velocity of the change in doping level does not only de-
pend on the velocity of migration of the fluid 70 within the
migration layer elements 40 if the migration layer 40 com-
prises a plurality of migration layer elements. The velocity
of the change in doping level is influenced also by the
velocity of vapour diffusion within the plurality of vapour
travelling distances 120a if the activation layer 40 com-
prises a plurality of activation layer elements. In an aspect
of the apparatus 1 comprising a plurality of vapour trav-
elling distances 120a according to Fig. 5f, a single vapour
travelling distance is formed between neighbouring mi-
gration layer 40 elements. With the apparatus 1 accord-
ing to Fig. 5f it is possible to adjust the temperature-time
behaviour of the apparatus 1 as has been disclosed with
respect to Fig. 4.
[0093] It is possible for the migration layer 40 in Fig.
5b to Fig 5e to be divided into a plurality of subdivisions
of the migration layer 40, as shown in Fig. 5f, wherein
the migration layers 40 are further separated into subdi-
visions of migration layer portions.
[0094] All activation layers 20 and migration layers 40
disclosed so far had continuous, even straight edge con-
tours. Without any limitation to the apparatus 1 the acti-

vation layer 20 as well as the migration layer 40 may very
well comprise non-continuous edge contours, such that
the edge contours follow a spiral trajectory, a meandering
trajectory, a trajectory comprising sharp corners. Typi-
cally the length of activation layers 20 and/or migration
layers 40 ranges from a few 100 mm up to a few centi-
metres. Typically the width of migration layers 40 and/or
activation layer 20 range from a few mm to a few millime-
tres.
[0095] Fig. 6 shows the apparatus 1 comprising a gas-
permeable membrane 160 in a cross-sectional view. The
selection of the material for the gas-permeable mem-
brane 160 is dependent on the permeability of the gas-
permeable membrane 160 for the vapour of the solvent
of the electrolyte. The liquid solvent (the liquid portions
of the fluid 70) may not be allowed to cross the gas-per-
meable membrane 160. Expanded PTFE is known for
excellent water vapour permittivity together with a good
resistance behaviour for water and is thus suitable as the
gas-permeable membrane 160 [see ht-
tp://www.gore.com/en_xx/products//electronic/battery/d
atasheet_gas_diffusion_membranes .html, as accessed
on 15 October 2007]. It is also possible to use for the
gas-permeable membrane 160 silicone and rubber ma-
terials. The layer thickness of the gas-permeable mem-
brane 160 may conveniently be in the range of a few mm
to a few 100 mm.
[0096] The substrate 10 comprises an opening 150
which is sealed by the gas-permeable membrane 160.
The cross-section of the substrate 10 is shown as
hatched area within Fig. 6. The activation layer 20 is cov-
ered by the migration layer 40. The migration layer 40
may comprise polyvinyl alcohol (PVA). The migration lay-
er 40 has an exposed edge 45 that is in contact with the
vapour travelling distance 120. The vapour travelling dis-
tance 120 is implemented as an empty volume that is
completely covered by the encapsulating layer 50.
[0097] If the gas-permeable membrane 160 comes in-
to contact with water vapour from underneath the sub-
strate 10, the water vapour will firstly permeate the gas-
permeable membrane 160. Subsequently the portion of
the fluid 70 that has passed the gas-permeable mem-
brane 160 will further pass the vapour travelling distance
120 by means of vapour diffusion and comes into contact
with the exposed edge 45 of the migration layer 40. In
Fig. 6 the exposed edge 45 is shown as the left hand
edge of the migration layer 40. If the migration layer 40
comprises PVA, the exposed edge 45 will be capable of
absorbing fluid 70 and liquid electrolyte will be permeat-
ing the migration layer 40 and comes into contact with
the activation layer 20. This contact then triggers the
change of doping level within the second portion 22 of
the activation layer 20. The second portion 22 of the ac-
tivation layer 20 and the second portion 42 of the migra-
tion layer 40 are not indicated within Fig. 6. The change
in doping level within the second portion 22 of the acti-
vation layer 20 further leads to the effects already dis-
closed in connection with the activation of the apparatus
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1.
[0098] The apparatus 1 as shown in Fig. 6 may be used
as a temperature time indicator. It may prove convenient
to connect the apparatus 1 according to Fig. 6 with a
reservoir comprising the fluid 70 in such a way that the
gas-permeable membrane 160 comes into contact with
the fluid 70 within the fluid comprising reservoir.
[0099] In one example of the invention the fluid com-
prising reservoir may be, without any limitation to the in-
vention, a milk pack or a sample tube for a blood sample.
In such a case it would be convenient for the substrate
10 to be part of the reservoir. Alternatively the apparatus
1 may be residing on top and in contact with one of the
walls of the reservoir. In this case the wall of the reservoir
comprising the fluid 70 needs an opening that is connect-
ed with the opening 150 of the substrate 10 to allow the
gas-permeable membrane 160 to come into contact with
the fluid inside the reservoir.
[0100] It is also possible to incorporate the apparatus
1 according to the invention inside a closing lid of a blood
sample tube or within a sealable opening of a paper bag
containing drinks such as milk.
[0101] The activation of the apparatus 1 would occur
immediately after filling and closing the reservoir enclos-
ing the fluid 70. Water vapour from within the reservoir
will permeate via the gas-permeable membrane 160 and
the vapour travelling distance 120, thereby activating the
apparatus 1. This permeation of the water vapour will
cause the change in doping level within the second por-
tion 22 of the activation layer 20.
[0102] In another aspect of the invention according to
Fig. 6 the vapour travelling distance 120 may be omitted.
Without the vapour travelling distance 120 the membrane
160 is directly covered by the migration layer 40. If the
order of layers is inverted (Substrate 10, migration layer
40 and activation layer 20 from bottom to top), migration
layer 40 and activation layer 20 may both cover the mem-
brane 160 completely.
[0103] The reaction changing the doping level within
the second portion 22 of the activation layer 20 can be
an electrochemical reaction and /or a chemical reaction.
The chemical reaction can be a chemical oxidation or a
chemical reduction of the activation layer 20. It is also
possible to change the doping level of the activation layer
20 by bringing the activation layer 20 into contact with a
base or an acid from the migration layer 40. If an aspect
of the apparatus 1 uses the chemical reaction the elec-
trode 30 can be omitted.
[0104] Fig. 7 shows an aspect of the invention accord-
ing to Fig. 2, wherein the electrochemical reaction has
been replaced by the chemical oxidation or the chemical
reduction. Fig. 7a and Fig. 7b show the apparatus 1 as
in Fig. 2a and Fig. 2b. The electrode 30 shown in Fig. 1
is missing in Figs. 7a and 7b. Further the activation layer
20 shows a narrow portion 27 that is different from the
apparatus 1 in Fig 2. The first contact layer 61 is on and
in contact with the activation layer 20 and the second
contact layer 62 is on and in contact with the activation

layer 20. The migration layer 40 is on top of the activation
layer 20. The encapsulating layer 50 is on top of the mi-
gration layer 40. The encapsulating layer 50 is not shown
in Fig. 7a for clarity purposes.
[0105] The activation of the apparatus 1 within this as-
pect of the invention is caused by the chemical doping
within the activation layer 20. The chemical reduction or
the chemical oxidation is triggered when the activation
layer 20 comes into contact with the fluid 70. If the acti-
vation layer 20 comprises PEDOT:PSS, it is convenient
for the fluid 70 to be a solution of hydrazine in water at a
volume concentration of 85% for the chemical reduction
of the activation layer 20.
[0106] The doping level of polyaniline can be controlled
by bringing the polyaniline into contact with an acid (e.g.
a citric acid in aqueous solution) or with a base (e.g.
NaOH in aqueous solution). Without any limitation to the
invention any other substance causing the chemical dop-
ing within the activation layer 20 may be used.
[0107] In case of the chemical reduction of the activa-
tion layer 20, the reaction will cause a change in light
absorption properties of the activation layer 20 as well
as a change in the electrical resistance of the activation
layer 20.
[0108] The second portion 42 of the migration layer 40
being permeated with the fluid 70 is displayed as hatched
area within Fig. 7. The first portion 41 of the migration
layer 40 corresponds to the portion of the migration layer
40 not yet in contact with the fluid 70. The amount of
permeation of the migration layer 40 is only displayed
within Fig. 7b as an area that is hatched at a different
angle.
[0109] In Figs. 7a and 7b the chemically reduced por-
tion of the activation layer 20 is shown comprising an
edge 80. Fig. 7b shows the non-reduced and hence non-
permeated first portion 21 of the activation layer 20.
[0110] The chemical reduction of the activation layer
20 causes the increase in electrical resistance for the
second portion 22 of the activation layer 20. If the border
80 of the chemically reduced portion of the activation
layer 22 reaches the narrow portion 27, this causes the
increase in resistance. The increase in resistance can
be measured between the contact layer 61 and the con-
tact layer 62.
[0111] The change in resistance due to the chemical
reaction (namely the chemical reduction or oxidation) can
be used for the electrical switch. The electrical switch
can be switching-on or switching-off of an electrochromic
display element 180 or any other element.
[0112] The change in resistance can be used to cause
a load modulation for an RFID system.
[0113] Fig. 7c shows the activation layer 20 that has a
reduced length. The R(t) characteristics vary more pro-
nouncedly. As soon as the edge 80 of the chemically
reduced second portion 22 of the activation layer 20
reaches the left hand edge of the activation layer 20 there
will be the increase in resistance. The increase in resist-
ance can be measured across the contact layer 61 and
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the contact layer 62. Narrow portions 27 orientated par-
allel or perpendicular to the direction of migration can
without any limitation be combined within one activation
layer 20.
[0114] Fig. 8 shows how a plurality of the electrochro-
mic display elements 220 may be switched in time such
that one electrochromic display element 220b is switched
after another display element 220a. The electrochromic
display elements 220 can be implemented as parts of
display elements. Examples include but are not limited
to a single-segment element or as a seven-segment dis-
play element for numbers, letters, complete pictures or
complete logos.
[0115] Fig. 8a shows a part of an aspect of the invention
according to Fig. 2. The activation layer 20 within Fig. 8a
comprises a narrow portion 27, the contact layers 61 and
63. The permeation of the fluid 70 is not shown within
Fig. 8a, which actually is not different from Fig. 2a.
A galvanic element 210e is connected in series with the
display element 220 between the contact layer 63 and
the contact layer 61. The galvanic element 210e may
provide a voltage of, for example, 1.5 Volts. The galvanic
element 210e can be constructed within the substrate 10
of the apparatus 1 according to this invention.
[0116] The galvanic element 210 may be directly
formed between the activation layer 20 and the electrode
30 together with the electrolyte within the migration layer
40. The galvanic element 210 provides a voltage that is
sufficiently large and of correct polarity to trigger the elec-
trochemical reductive reaction or the electrochemical ox-
idative reaction. This condition is conveniently met for a
combination of PEDOT:PSS material for the activation
layer 20 and a second material for the electrode 30, pro-
vided the standard potential within the electrode potential
series for both materials (activation layer 20 and elec-
trode 30) lies in the range from 0.3 volts to 5 volt. This
holds true for aluminium and zinc. Without any limitation
to the invention any other set of two materials may be
used, for which a sufficiently large potential difference
develops across the galvanic element 210 formed by the
use of the set of two materials.
[0117] Furthermore the galvanic element 210 may as
well comprise electrically conducting polymer material,
such as PANI. To exemplify this consider the galvanic
element 210 to comprise a first layer 240 and a second
layer 250. Both of the first layer 240 and the second layer
250 are made from PANI. If the first layer 240 has been
oxidised (electrochemically or chemically) during manu-
facture, and the second layer 250 is in the reduced state
(electrochemical or chemical); the galvanic element 210
may be discharged, as soon as the electrolyte permeates
the electrolyte matrix. The same direct discharge of the
galvanic element is possible if either the first layer 240
only is oxidised (electrochemically or chemically), or the
second layer 250 only is reduced (electrochemically or
chemically). It is also possible for the first layer 240 to be
chemically doped by an acid during the manufacture of
the first layer 240 and the second layer 250 to be chem-

ically doped by a base.
[0118] If the galvanic element 210 is formed between
the activation layer 20 and the electrode 30, it is sufficient
to connect the following points electrically to start the
electrochemical reduction or the electrochemical oxida-
tion. Contact between the terminals can most conven-
iently be established by means of a shortcut.
[0119] The terminals of the aspect of the invention of
Fig. 1 are the contact layer 61 and the contact layer 62.
The terminals of the aspect of the invention of Fig. 2 are
the contact layer 63 (or 61) and 62. The terminals of the
aspect of the invention of Fig. 3 are the contact layer 61
(or 62) and 63. A number of galvanic elements 210 can
be combined either in series or in parallel.
[0120] Between the contact layer 61 and the contact
layer 63 in Fig. 8a there is a combination of a galvanic
element 210 (for example providing 1.5 Volts) and an
electrochromic display element 220. If now, as within the
example of Fig. 2, the edge 80 of the electrochemically
reduced portion of the activation layer 20 passes the nar-
row portion 27 of the activation layer 20, this will cause
a change in resistance. If the polarity of the galvanic el-
ement 210 is instead reversed, the second portion 22 of
the activation layer 20 gets electrochemically oxidised
together with the change in resistance. The change in
electrical resistance measured across the contact sheets
63 and 61 will switch the current for the electrochromic
display element 220.
[0121] Fig 8b shows the activation layer 20 comprising
several narrow portions 27a, 27b, 27c and 27d together
with several galvanic elements 210a, 210b, 210c and
210d. The display elements 220a, 220b, 220c and 220d
may be switched in a timely succession from left to right
if the permeation of the fluid 70 happens from left to right.
[0122] The electrical switch as disclosed within Fig. 2,
Fig. 7 and Fig. 8 depends on the material used for the
activation layer 20 and the state the activation layer 20
is in after the manufacture of the apparatus 1. The be-
haviour of the switch depends on whether the activation
layer 20 is reduced (chemically or electrochemically) or
oxidised (chemically or electrochemically). If PE-
DOT:PSS gets reduced, this will cause the electrical re-
sistance of PEDOT:PSS to increase.
[0123] If PANI is used in the manufacture of the appa-
ratus 1 in an oxidised state (electrochemically or chem-
ically), the electrical resistance may due to the reduction
(electrochemically or chemically) first show a drop in re-
sistance and upon further reduction (electrochemical or
chemical) start to increase again. It is also possible to
use PANI in the manufacture of the apparatus 1 in the
form of the emeraldine base, the electrical resistance
may due to a chemical reaction with an acid, first show
the drop in resistance and upon further chemical reaction,
start to increase again.
[0124] This would allow for a switch to show an OFF-
ON-OFF characteristic.
[0125] If, for example, the activation layer 20 compris-
ing PANI is oxidised and the electrode 30 comprising

25 26 



EP 2 215 521 B1

15

5

10

15

20

25

30

35

40

45

50

55

PANI is reduced by means of the chemical reaction or
the electrochemical reaction during the manufacture of
the apparatus 1, the galvanic element 210 may be omit-
ted and replaced by a short-cut between the contact layer
62 and the contact layer 63. The second portion 42 of
the migration layer 40 that is permeated by the fluid 70
may then discharge the galvanic element 210 formed by
the differently charged PANI layers 20 and 30. If the limit
80 of the electrochemically discharged activation layer
20 crosses the narrow portion 27, this causes a drop in
resistance. The resistance between the contact layer 62
and the contact layer 63 was increased before the border
80 had crossed the narrow portion 27 due to the oxidised
state achieved via the electrochemical or chemical reac-
tion of the activation layer 20. The drop in resistance
switches the current within the electrochromic display el-
ement 220.
[0126] Different forms of switches (ON, OFF or ON-
OFF-ON) are possible depending on materials and the
chemical states (oxidised or reduced by means of the
electrochemical reaction or the chemical reaction e.g.
with a base or an acid) of the material of the activation
layer 20.
[0127] Fig. 8c shows a possible example of an elec-
trochromic display element 220. An electrode 225 is ar-
ranged upon the substrate 10. An electrolyte matrix layer
185 is arranged on top of the electrode 225. An electro-
chromic layer 200 is on top of the electrolyte matrix 185.
The electrochromic layer 200 is covered with the encap-
sulating layer 50. The encapsulating layer 50 is transpar-
ent. The layers forming the electrochromic display ele-
ment 220 may be arranged in a reversed order or in a
lateral order. The electrode 225, the electrolyte matrix
185 and the electrochromic layer 200 may as well be
arranged next to each other from left to right. If there is
an electrical bias voltage of about 100 mV up to a few
volts across the electrochromic layer 200 and the elec-
trode 225, this causes an electrochromic reaction within
the electrochromic layer 200.
[0128] The bias voltage may as well be imposed onto
the apparatus 1 via an integrated additional galvanic el-
ement 210. It is possible to implement the electrochromic
display element 220 in such a way that the electrical bias
voltage is already provided due to the method of manu-
facture of the apparatus 1.
[0129] If for example the electrochromic layer 200 com-
prises PANI and has been chemically or electrochemi-
cally oxidized, and the electrode 225 comprising PANI
has been electrochemically reduced or chemically re-
duced during the manufacture of the apparatus 1, the
electrochromic element 220 can be discharged, once the
electrolytic layer 185 has been permeated with the fluid
70. The permeation of the electrolytic layer with fluid 70
leads to a colour change within the electrochromic layer
200. The electrolytic layer 185 may very well be part or
an extension of the activation layer 40.
[0130] Fig. 9 shows another aspect of the apparatus 1
according to the invention disclosed in Fig. 4. This is a

vertical variation of the apparatus 1 wherein the electrode
30 and the activation layer 20 are arranged vertically. In
Fig. 9 one layer on top of each other is displayed in the
following order: the substrate 10, the activation layer 20,
the migration layer 40 and the electrode 30.
[0131] Together with the fluid container 110 and the
vapour travelling distance 120 this figure corresponds to
the arrangement according to Fig. 4. The functionality of
the apparatus 1 according to Fig. 9 nevertheless corre-
sponds to the aforementioned examples according to
Fig. 1 to 4 and 6.
[0132] Alternatively it is possible to implement the ap-
paratus 1 according to Fig. 9 without the vapour travelling
distance 120. In such an embodiment of the apparatus
1 the fluid container 110 would be in contact with the
exposed edge 45 of the migration layer 40.
It is possible to use a slightly modified method of manu-
facture when implementing the aspect of the invention
according to Fig. 9. The modified method of manufacture
would start from a ready made PVA film that is commer-
cially available from AICELLO CHEMICAL EUROPE
GmbH [see http://www.solublon.com/ger-
man/pva_film.htm, as accessed on 27 October 2007].
The PVA film is covered with the activation layer 20 on
one of the surfaces of the PVA film. The second surface
of the PVA film is covered with the electrode 30.
[0133] Such an arrangement of the activation layer 20
and the electrode 30 on top of the first surface and the
second surface of the migration layer 40 (PVA film) may
further be arranged on top of the substrate 10. It is pos-
sible to use a glue to bond the arrangement of the acti-
vation layer 20, the migration layer 40 and the electrode
30 to the substrate 10. It is also possible to use a heat
sealing process for bonding. Moreover the encapsulating
layer 50 is applied to the top side of the arrangement. In
one example of the invention the encapsulating layer 50
comprises a layer of acrylic lacquer. Without any limita-
tion it is possible to apply the encapsulating layer 50 to
both sides of the arrangement before bonding the ar-
rangement to the substrate 10.
[0134] The apparatus 1 manufactured by the modified
method may without any limitation comprise the aspect
of the invention according to Fig. 9, wherein the appara-
tus 1 comprises the fluid container 110 and a vapour
travelling distance 120. It would also be possible to use
the modified method of manufacture of the apparatus 1
according to the aspect of the invention shown in Fig. 1.
[0135] Fig. 10 illustrates an aspect of the apparatus 1
according to this invention with an integrated electrochro-
mic element 220. Fig. 10a corresponds to the embodi-
ments according to Fig. 6 and shows the apparatus 1
comprising the gas-permeable membrane 160 in a cross-
sectional view. In Fig. 10b there is the electrochromic
element 220 integrated into the apparatus 1. The appa-
ratus 1 according to Fig. 10b is shown as being divided
in the middle. The left portion of the apparatus corre-
sponds to the apparatus 1 shown in Fig. 10a. For pur-
poses of clarity the electrical connections between the
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sections of the apparatus on the left hand side and the
right hand side from the broken line are not shown. A
second gas-permeable membrane 162 seals a second
opening 152 within the substrate 10. On top of the second
gas-permeable membrane 162 there is the electrolyte
matrix 185 for the electrochromic element 220. The elec-
trolyte matrix 185 may comprise the same material for
example PVA as the migration layer 40. On top of the
electrolyte matrix layer 185 there is an electrochromic
layer 200. The apparatus 1 is further covered by the en-
capsulating layer 50.
[0136] Upon activation of the apparatus 1, the fluid 70
comes into contact with the gas-permeable membranes
160 and 162. The vapour components of the fluid 70 are
capable of crossing the gas-permeable membranes 160
and 162. The activation of the left hand subsystem of the
apparatus 1 within Fig. 10b has been disclosed within
Fig. 6. The vapour components within the fluid 70 in the
right hand subsystem of Fig. 10b are capable of crossing
the gas-permeable membrane 162 and further permeate
within the electrolyte matrix 185. The PVA within the elec-
trolyte matrix 185 is capable of absorbing water. Hence
a liquid electrolyte is now in contact with the electrochro-
mic layer 200 and further in contact with an electrode 225
of the electrochromic element 220. The electrode 225 is
not shown within Fig. 10b and arranged laterally on top
of the electrolyte matrix layer 185. The contact of the
electrolyte with the electrolyte matrix layer 185 and the
electrode 225 activates the electrochromic element 220.
A bias voltage applied across the electrochromic layer
200 and the laterally arranged electrode 220 triggers the
electrochromic reaction.
[0137] The fluid 70 within the left hand portion of the
apparatus 1 gradually permeates the migration layer 42
and travels from left to right (not shown within Fig. 10b).
The fluid 70 within the right hand subsection of the ap-
paratus permeates the electrolyte matrix layer 185 very
rapidly in a vertical direction and the electrochromic ele-
ment 220 becomes functional rapidly. It is also possible
to arrange the layers of the electrochromic element 220
in a vertical manner, as is shown in Fig. 10c.
[0138] The opening 153 of the substrate 10 is covered
by the gas-permeable membrane 163. There is the po-
rous electrode 230 of the electrochromic element 220 on
top of the gas-permeable membrane 163.
[0139] The porous electrode 230 can be implemented
by using a blotting-paper matrix which is permeated by
an electrically conducting polymer material, such as PE-
DOT:PSS or PANI. The conductive polymer should not
seal the blotting-paper matrix but leave the blotting-paper
matrix still permeable to the electrolyte.
[0140] Fig 10c shows on top of the porous electrode
230 an electrolyte matrix 185. The electrolyte matrix 185
is made of the same material as the migration layer 40.
Preferably the electrolyte matrix 185 comprises PVA. The
electrolyte within the electrolyte matrix layer 185 perme-
ates the porous electrode 230. The electrochromic layer
200 is on top of the electrolyte matrix layer 185. The ap-

paratus 1 is further covered with the encapsulating layer
50.
[0141] The fluid 70 upon activation permeates the
membrane 163, the porous electrode 230 of the display
element 220 together with the electrolyte matrix 185. This
establishes the contact of the electrochromic layer 200
with the porous electrode 230 via the electrolyte and
hence sets the electrochromic element 220 operative. It
is sufficient to provide a bias voltage across the porous
electrode 230 and the electrochromic layer 200 of the
electrochromic element 220 to get the display element
220 operational.
[0142] Fig. 11 shows an aspect of the apparatus 1 in
which a plurality of the galvanic elements is activated in
a successive order in time, i.e. one galvanic element com-
prising a second layer 250b after a galvanic element com-
prising a second layer 250a. Fig. 11a shows on the sub-
strate 10 a first layer 240 for the plurality of galvanic el-
ements formed by the second layers 250a, 250b and
250c. The migration layer 40 is on top of the first layer
240 of the plurality of galvanic elements formed by the
second layers 250a, 250b and 250c. The second layers
250a, 250b and 250c are on top of the migration layer
40. The substrate 10 comprises the opening 150 which
is sealed by the gas-permeable membrane 160. In this
example, the gas-permeable membrane 160 is made of
PTFE. To help clarity of the figure, the cross-section of
the substrate 10 is displayed as hatched area.
[0143] The migration layer 40 comprises a polymer,
preferably PVA. The left hand exposed edge 45 of the
migration layer 40 is in contact with the vapour travelling
distance 120. The vapour travelling distance 120 is im-
plemented as a hollow volume. The whole apparatus 1
is further covered with the encapsulating layer 50.
[0144] The vapour portions of the fluid 70 will, if the
gas-permeable membrane 160 comes into contact with
the vapour portion of the fluid 70, further cross the mem-
brane 160 and pass the vapour travelling distance 120
by means of vapour diffusion.
[0145] It is at this point in time that the water vapour
comes into contact with the exposed edge 45 of the mi-
gration layer 40. The exposed edge 45 of the migration
layer 40 is shown in Fig. 11a as the left edge of the mi-
gration layer 40. It is known that the PVA is capable of
absorbing water. Therefore the PVA within the migration
layer 40 will become partly dissolved and liquid electro-
lyte will permeate the migration layer 40 from left to right.
The amount of permeation is not displayed within Fig.
11. The aspect of the apparatus 1 disclosed in Fig. 11
further comprises a plurality of second layers of the plu-
rality of the galvanic elements. The plurality of second
layers comprises a second layer 250a, a second layer
250b and a second layer 250c within Fig. 11a. The plu-
rality of galvanic elements may be a single galvanic ele-
ment or more than three galvanic elements.
[0146] The permeation of the electrolyte from left to
right within the migration layer 40 will establish contact
between the plurality of second layers 250a, 250b and
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250c of the plurality of galvanic elements and the first
layer 240 of the plurality of galvanic elements. The con-
tact between a plurality of second layers 250a, 250b and
250c activates the plurality of galvanic elements in a time-
ly order from left to right.
[0147] In another aspect of the invention according to
Fig. 11 the vapour travelling distance 120 may be omitted.
Without the vapour travelling distance 120 the membrane
160 is directly covered by the migration layer 40. If the
order of layers is inverted (Substrate 10, migration layer
40 and activation layer 20 from bottom to top), the mi-
gration layer 40 and the activation layer 20 may both
cover the membrane 160 completely. It is possible to
arrange the plurality of the galvanic elements 210 to be
functional immediately after the activation of the appara-
tus 1 as shown in Fig. 11b. The apparatus 1 shown within
Fig. 11b has the second gas-permeable membrane 162
that covers the second opening 152, as was the case for
Fig. 10c (153 referring to the second opening within Fig.
10c). The first layer 240 of the plurality 211 of galvanic
elements 210 is implemented as a porous electrode 230
on top of the second gas permeable membrane 162. The
electrolyte matrix layer 185 is on top and in contact with
the porous electrode 230. The porous electrode 230 can
be implemented by using a blotting-paper matrix which
is permeated by an electrically conducting polymer ma-
terial, such as PEDOT:PSS or PANI. The conductive pol-
ymer should not seal the blotting-paper matrix but leave
the blotting-paper matrix still permeable to the electrolyte.
[0148] The vapour portions of the fluid 70 that have
crossed the second gas-permeable membrane 162 fur-
ther permeate the porous electrode 230. The PVA is ca-
pable of absorbing water, as is discussed above. Hence
the porous electrode 230 is now in contact with the elec-
trolyte in a liquid state and further with the electrolyte
matrix layer 185. The electrolyte further comes into con-
tact with the second layers 250a, 250b and 250c of the
plurality of the galvanic elements 210 and will set the
plurality of galvanic elements comprising second layers
250a, 250b and 250c functional, such that all of the plu-
rality the galvanic elements are functional at the same
time. Hence the voltages across the plurality of galvanic
elements comprising second layers 250a, 250b and 250c
may be used for different functions of the apparatus 1.
For example in one aspect of the invention the electrical
voltages may be used to supply energy for the electro-
chromic elements 220 by means of switching functions.
[0149] Further it is possible to split the first layer 240
of the plurality of galvanic elements 210 into several sub
elements, so that, for example each one of the galvanic
elements 210 is supplied with a first layer and a second
layer. The plurality of galvanic elements 210 would hence
also comprise a plurality of first layers 240.
[0150] The materials used for the first layer 240 and
the second layer 250 of the plurality of the galvanic ele-
ments may be chosen in such a way that primary and
secondary elements can conveniently be implemented
as known to a person skilled in the art.

[0151] Material combinations to form the galvanic ele-
ments 210 would be for example sal-ammoniac cell, nick-
elate hydroxide, lithium-iron sulphide; zinc-air, zinc-chlo-
ride, mercury oxide-zinc, silver oxide-zinc, alkaline-man-
ganese.
[0152] Other material combinations for the galvanic el-
ements would be without any limitation: lead dioxide-
lead, nickel-cadmium, nickel-metal-hydride, lithium-pol-
ymer, alkaline-manganese, silver-zinc, zinc bromide, so-
dium nickel-chloride, nickel-iron and the like.
[0153] The plurality of galvanic elements 210 may be
implemented using electrically conducting polymer ma-
terials for the plurality of the first layers 240 and the plu-
rality of the second layers 250. Conveniently the material
used for first layer 240 and second layer 250 could com-
prise PANI.
[0154] The plurality of the first layers 240 comprising
PANI is prepared during the manufacture of the appara-
tus 1 in an oxidised state, via the chemical reaction or
the electrochemical reaction. Further the plurality of the
second layers 250 comprising PANI is prepared in a re-
duced state by means of the chemical reaction or the
electrochemical reaction. With the plurality of the first lay-
ers 240 in an oxidised state and the plurality of second
layers 250 in a reduced state, the plurality of galvanic
elements 210 can be discharged, once the electrolyte
permeates the electrolyte matrix 185.
[0155] The previous examples of the apparatus 1 illus-
trate the migration of the fluid 70 within a horizontal plane
of the migration layer 40. The aspects of the apparatus
1 as disclosed so far could be referred to as the apparatus
1 comprising a lateral migration process.
[0156] The invention is however not limited to the mi-
gration of the fluid 70 within the plane of the migration
layer 40. Without any limitation the apparatus 1 may com-
prise the migration of the fluid 70 in a direction perpen-
dicular to the plane of the migration layer 40. The aspects
of the apparatus 1 comprising the direction of migration
perpendicular to the plane of the migration layer 40 could
be referred to as the apparatus 1 comprising a transversal
migration process.
[0157] Fig. 12 shows a first example of the apparatus
1 comprising the transversal migration process. Fig. 12
shows the substrate 10 and the activation layer 20 on
top of each other. On top of and in contact with the acti-
vation layer 20 is a first migration layer 40a, a second
migration layer 40b and a third migration layer 40c. The
first migration layer 40a, the second migration layer 40b
and the third migration layer 40c are of a different thick-
ness. In the example shown in Fig. 12, the first migration
layer 40a is thinner than the second migration layer 40b
and the third migration layer 40c. Hence the thickness of
the migration layer 40 gradually increases from the left
hand side to the right hand side in Fig. 12. In other words,
the migration layers 40a, 40b and 40c of Fig. 12 comprise
steps.
[0158] If the fluid 70, not shown in Fig. 12, is brought
into contact with a top surface of the first migration layer
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40a, a top surface of the second migration layer 40b and
a top surface of the third migration layer 40c, the fluid 70
will first have permeated the first migration layer 40a,
thereafter the second migration layer 40b and eventually
the third migration layer 40c. Therefore the fluid 70 within
the migration layer 40a will first be in contact with a seg-
ment of the activation layer 20 adjacent to the first mi-
gration layer 40a, then with a segment of the activation
layer 20 adjacent to the second migration layer 40b and
eventually with a segment of the activation layer 20 ad-
jacent to the third migration layer 40c. The contact of the
fluid 70 with the activation layer 20 is therefore in a timely
order.
[0159] The contact of the fluid 70 with the activation
layer 20 will start the chemical or electrochemical reac-
tion as described above. In the example of Fig. 12 the
timely order of starting the chemical or electrochemical
reaction will be from left to right.
[0160] The aspect of Fig. 12 showed three migration
layers 40a, 40b and 40c of different thicknesses. A
number of the migration layers 40a, 40b and 40c of dif-
ferent thicknesses may be only two or more than three,
without any limitation to the invention.
[0161] Alternatively to the thickness of the migration
layer 40 comprising steps, the thickness of the migration
layer 40 may also vary linearly. The vertical migration of
the fluid 70 through the migration layer 40 causes a lateral
movement of the change in doping level within the acti-
vation layer 20, due to the linearly changing thickness of
the migration layer 40.
[0162] Without any limitation the thickness of the mi-
gration layer 40 may vary according to an arbitrary func-
tion describing the thickness of the migration layer 40.
Typically the thickness of the migration layer 40 is in the
range of a few nm to a few 10 mm.
[0163] Fig. 13 shows a further aspect of the example
of the apparatus 1 according to Fig. 12. The apparatus
1 shown in Fig. 13 comprises the transversal migration
process. Fig. 13 shows the substrate 10, the activation
layer 20 and the migration layer 40 on top of each other
(bottom to top). The migration layer 40 is of a uniform
thickness across the apparatus 1. On top of the migration
layer 40 there is a barrier layer comprising steps of dif-
ferent thickness. The barrier layer comprises a first bar-
rier layer 99a, a second barrier layer 99b and a third bar-
rier layer 99c. A thickness of the barrier layers 99a, 99b
and 99c increases from the first barrier layer 99a to the
second barrier layer 99b and the third barrier layer 99c.
[0164] The barrier layers 99a, 99b and 99c may com-
prise any material permeable by the fluid 70. Without any
limitation such materials can be: silicone, acrylic resin,
PVC. The barrier layers 99a, 99b and 99c may further
comprise the materials used for the encapsulating layer
50 and the substrate 10. It is possible for the barrier layers
99a, 99b and 99c to use the materials for the encapsu-
lating layer 50 and the substrate 10, because the barrier
layers 99a, 99b and 99c can be implemented as very thin
layers. Typically the thickness of the barrier layers 99a,

99b and 99c is in the range of a few nm to a few 100mm.
[0165] The different thickness of the barrier layers 99a,
99b and 99c yields a timely order for the contact of the
fluid 70 with the migration layer 40. In Fig. 13 the contact
of the fluid 70 with the migration layer 40 occurs first for
a segment of the migration layer 40 adjacent to the first
barrier layer 99a, second for a segment of the migration
layer 40 adjacent to the second barrier layer 99b, and
third for a segment of the migration layer 40 adjacent to
the third barrier layer 99c. The timely order of the contact
of the fluid 70 with the segments of the activation layer
20 will substantially be the same as a timely order for the
fluid 70 getting in contact with segments of the migration
layer 40.
[0166] If the fluid 70, not shown in Fig. 13, is brought
into contact with a top surface of the first barrier layer
99a, a top surface of the second barrier layer 99b and a
top surface of the third barrier layer 99c, the fluid 70 will
first have permeated the first barrier layer 99a, thereafter
the second barrier layer 99b and eventually the third bar-
rier layer 99c. Therefore the fluid 70 within the barrier
layer 99a will first be in contact with a segment of the
activation layer 20 under the first barrier layer 99a, then
with a segment of the activation layer 20 under the sec-
ond barrier layer 99b and eventually with a segment of
the activation layer 20 under the third barrier layer 99c.
The contact of the fluid 70 with the activation layer 20 is
therefore in a timely order.
[0167] The contact of the fluid 70 with the activation
layer 20 will start the chemical or the electrochemical
reaction as described above. In the example of Fig. 13
the time order of starting the chemical or the electrochem-
ical reaction will be from left to right.
[0168] A number of the barrier layers 99a, 99b and 99c
of different thickness may be only two or more than three,
without any limitation to the invention.
[0169] Alternatively to the thickness of the barrier lay-
ers 99a, 99b and 99c comprising steps, the thickness of
the barrier layers 99a, 99b and 99c may as well change
linearly. The vertical migration of the fluid 70 through the
migration layer 40 causes the lateral movement of the
change in doping level within the activation layer 20, as
within Fig. 12.
[0170] Without any limitation the thickness of the bar-
rier layers 99a, 99b and 99c may vary according to an
arbitrary function describing the thickness of the barrier
layers 99a, 99b and 99c.
[0171] All aspects of the migration layer 40 as dis-
closed with respect to Figs. 1 to 11 may also be imple-
mented such that the migration within the migration layer
40 of the apparatus 1 comprises the vertical migration
process.
[0172] Fig. 14 shows a variation of the apparatus ac-
cording to Fig. 3 comprising the vertical migration proc-
ess within the migration layer 40. Fig. 14a shows a top
view of the apparatus 1 and Fig. 14b shows a cross sec-
tional view. A line of section is indicated as a dash-dotted
line within Fig. 14a. The direction of view in the cross-
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sectional view of Fig. 14b is indicated by two arrows within
Fig. 14a.
[0173] On the substrate 10 there is the electrode 100
as well as the activation layer 20. The electrode 100 and
the activation layer 20 are covered and in contact with
the migration layer 40. On top and in contact with the
activation layer 20 there is the first contact layer 61, the
second contact layer 62 and in contact with the electrode
100 is the third contact layer 63. The electrode 100 and
the activation layer 20 are covered with the migration
layer 40. An electrical current between the first contact
layer 61 and the second contact layer 62 can be varied
by applying a voltage across the first contact layer 61
and the third contact layer 63.
[0174] If, for example, the activation layer 20 and the
electrode 100 comprise PEDOT and the voltage applied
across the first contact layer 61 and the third contact layer
63 is in the range of 1 to 3 V of such a polarity that the
contact layer 100 forms the anode and the activation layer
20 forms the cathode, the electrochemical reaction within
the activation layer 20 will occur. More precisely, the elec-
trochemical reduction will occur under the migration layer
40. The electrochemical reduction of the activation layer
20 yields an increase of the electrical resistance. The
electrochemical reaction in the form of the electrochem-
ical reduction starts after the fluid 70 has permeated the
migration layer 40 by the vertical migration process.
[0175] An electrical conductivity of the activation layer
20 between the first contact layer 61 and the second con-
tact layer 62 can be varied by a variation of the voltage
applied across the first contact layer 61 and the third con-
tact layer 63. Therefore the apparatus 1 of Fig. 14a and
14b shows a characteristic of a transistor. There is no
electrochemical reduction of the activation layer 20 with-
out applying the voltage across the first contact layer 61
and the third contact layer 63. Hence without applying
the voltage across the first contact layer 61 and the third
contact layer 63 there is a relatively high electrical con-
ductivity of the activation layer 20, when compared to the
an electrical conductivity after the reduction of the acti-
vation layer 20. The transistor formed within Figs. 14a
and 14b is a transistor of a depletion type. The transistor
of the depletion type is active after the migration layer 40
has been vertically permeated by the fluid 70.
[0176] A transistor of an enhancement type is shown
in Figs 14c and 14d. Fig. 14c shows a top view of the
transistor of the enhancement type, Fig. 14d shows a
cross-sectional view of the transistor of the enhancement
type. The direction of view within Fig. 14d is indicated by
two arrows within Fig. 14c. Figs. 14c and 14d show a
support layer 66. The support layer 66 is a thin layer and
arranged on the activation layer 20. The support layer 66
may be manufactured using thin film techniques, such
as a vapour deposition of aluminium in a vacuum or a
sputter technique. The support layer 66 may further be
manufactured using a spraying process comprising an
aluminium spray of aluminium particles with a diameter
ranging from a few mm to a few 10 mm. The electrochem-

ical reaction within the activation layer 20 starts without
applying a voltage across the first contact layer 61 and
the third contact layer 63, due to the different standard
potentials of the activation layer 20 (for example com-
prising PEDOT) and the support layer 66 (for example
comprising aluminium). The electrical conductivity be-
tween the first contact layer 61 and the second contact
layer 62 is low for the setup of Figs. 14c and 14d with the
applied voltage of 0 V across the first contact layer 61
and the third contact layer 63; and hence the transistor
is in the blocked state.
[0177] The electrical conductivity between the first
contact layer 61 and the second contact layer 62 will in-
crease, if a non-zero voltage is applied across the first
contact layer 61 and the third contact layer 63 such that
the activation layer 20 forms the anode and the electrode
100 forms the cathode. The increase in the electrical con-
ductivity is due to the oxidation of the activation layer 20,
if the activation layer 20 forms the anode and the elec-
trode 100 forms the cathode. Hence the transistor shown
in Figs. 14c and 14d is of the enhancement type.
[0178] The transistor of the enhancement type is set
operative, once the migration layer 40 is permeated ver-
tically by the fluid 70 in Figs. 14c and 14d.
[0179] The activation layers 20, the migration layers
40, the contact layers 61, 62, 63 and the electrode 100
may be manufactured as was explained with respect to
Fig. 2.
[0180] The support layer 66 may comprise any material
having a standard potential causing the intended elec-
trochemical reaction, for example, the electrochemical
reduction, to occur in an electrochemical cell. In case the
activation layer 20 is made of PEDOT, suitable materials
for the support layer 66 are, for example, aluminium and
zinc.
[0181] With the aspects and functionality of the inven-
tion disclosed it is possible to implement the apparatus
1 with small dimensions as well as the apparatus 1 com-
prising large dimensions. The apparatus 1 according to
this invention my further comprise little amount function-
ality as well as a large amount of functionality.
[0182] The invention has been described with respect
to several aspects and embodiments of the invention. It
will be appreciated by the skilled person that modifica-
tions may be possible which do not detract from the scope
of the invention.

Claims

1. An apparatus (1) for activation of at least one ele-
ment, the apparatus (1) comprising

a) at least one activation layer (20) that compris-
es an electrically conducting polymer, wherein
the at least one activation layer is arranged on
a surface of a substrate (10) that is made of an
electrically insulating material;
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b) at least one migration layer (40) deposited on
the at least one activation layer (20) so that the
at least one activation layer (20) and the at least
migration layer are in contact, wherein the at
least one migration layer is permeable to a fluid
(70) along a transversal direction across a sur-
face of the at least one migration layer (40) such
that a change in doping level of the electrically
conductive polymer of the at least one activation
layer (20) is achievable, for activating the at least
one activation layer (20) along the transversal
direction for the portion of the activation layer
(20) that is in contact with the fluid (70); and
c) an encapsulating layer (50) that covers the at
least one migration layer (40), leaving a migra-
tion layer edge (45) of the at least one migration
layer (40) exposed, so that the migration layer
edge (45) is accessible to a fluid (70) for activa-
tion of the at least one element.

2. The apparatus (1) according to claim 1, further com-
prising at least a first contact layer (61) extending on
and in contact with the at least one activation layer
(20) and at least a second contact layer (62) extend-
ing on and in contact with an electrode (30).

3. The apparatus (1) according to any one of the above
claims, wherein the fluid (70) is selected from the
group consisting of water vapour, liquid water, a wa-
ter-based electrolyte, a base or an acid.

4. The apparatus (1) according to any one of the above
claims, further comprising a supporting structure to
accommodate an RFID module.

5. The apparatus (1) according to any one of the above
claims, wherein a doping level N of the electrically
conducting polymer of the at least one activation lay-
er (20) varies across the at least one activation layer
(20) as a function of position.

6. The apparatus (1) according to any one of the claims
above, wherein the substrate (10) further comprises
an opening (150) being sealed by a gas-permeable
membrane (160), wherein the gas-permeable mem-
brane (160) is in contact with a fluid container (110).

7. The apparatus (1) according to any one of the above
claims, wherein the at least one activation layer (20)
comprises at least one of doped polyaniline (PANI),
poly(ethylenedioxythiophene) (PEDOT) doped with
polystyrenesulphonic acid or is selected from the
group consisting of polythiophenes, polypyrroles,
polyanilines, polyisothianaphtalenes, polyphe-
nylene vinylenes, poly(para-phenylen), poly(para-
phenylen-vinylen) and copolymers thereof, selected
from the group consisting of poly(3,4-methylenedi-
oxythiophene), poly(3,4-methylene-dioxythi-

ophene) derivatives, poly(3,4-ethylenedioxythi-
ophene), poly(3,4-ethylenedioxythiophene) deriva-
tives, poly(3,4-propylenedioxythiophene), poly(3,4-
propylenedi-oxythiophene) derivatives, poly(3,4-
butylenedioxythio-phene), poly(3,4-butylenediox-
ythi-ophene) derivatives, poly-3-methylthiophene
and poly-3,4-dimethylthiphene and copolymers
therewith, such as a polymer or copolymer of a 3,4-
dialkoxythiophene Poly(dialkylfluorene) derivatives
cis-polyacetylen, trans-polyacetylen.

8. The apparatus (1) according to any one of the above
claims, wherein the at least one migration layer (40)
comprises at least one of poly(vinyl alcohol) (PVA),
sulphonated tetrafluoroethylene, poly (styrene sul-
phonic)acid (PSSH) and poly (ethylene oxide) (PEO)
or an electrolyte, preferably selected from the group
consisting of CaCl2 and LiClO4 solved within ace-
tonitrile or a gel electrolyte, wherein the gel electro-
lyte comprises a mixture of tetrabutyl ammonium
hexafluorophosphate (TBAPF6) / poly(methyl met-
acrylate) (PMMA) / propylene carbonate (PC) / ac-
etonitrile (ACN); the mixture of TBAPF6/ PMMA/
PC/ACN is preferably being essentially in a ratio of
3:7:20:70 by weight.

9. The apparatus (1) according to claim 8, wherein the
at least one migration layer (40) comprises the elec-
trolyte within a capillary material; and wherein the
capillary material is selected from the group consist-
ing of paper, blotting paper, chromatography paper,
a thin layer of adsorbent material, usually silica gel,
aluminium oxide or cellulose as well as any combi-
nation or composite material formed from the mem-
bers of the group.

10. The apparatus (1) according to any one of the above
claims, wherein the at least one migration layer (40)
further comprises micro particles and /or nanoparti-
cles to tune a velocity of migration within the migra-
tion layer (40), the micro particles and /or nanopar-
ticles comprising at least one of titanium oxide, or
silicon dioxide.

11. The apparatus (1) according to any of the above
claims, wherein the element is selected from the
group consisting of an electrochromic display ele-
ment (220), an electrical switch, a time controlled
resistor, a galvanic cell and a galvanic element (210)
or any combination thereof; wherein the at least one
element is in direct contact with the at least one ac-
tivation layer (20) and/or the at least one migration
layer (40).

12. A method of manufacture of an apparatus (1) ac-
cording to any one of claims 1 to 11 for activation of
at least one element comprising:
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- provision of a substrate (10) that is made of an
electrically insulating material,
- deposition of at least one activation layer (20)
that comprises an electrically conducting poly-
mer on the substrate (10),
- deposition of at least one migration layer (40)
on the activation layer (20) such that the at least
one migration layer (40) is in contact with the at
least one activation layer (20),
- deposition of an encapsulating layer (50) on
the migration layer (40) for covering the at least
one migration layer (40), leaving a migration lay-
er edge (45) of the at least one migration layer
(40) exposed, so that the migration layer edge
(45) is accessible to a fluid (70).

13. The method of manufacture of the apparatus (1) ac-
cording to claim 12, further comprising a step of de-
positing a gel electrolyte onto the migration layer (40)
that is solidified using any agent of the group con-
sisting of gelatine, a gelatine derivative, polyacrylic
acid, polyhydroxyethylmethacrylat (HEMA),
polymethacrylic acid, poly(vinylpyrrolidone),
polysaccharides, polyacrylamides, polyurethanes,
polypropylene oxides, polyethylene oxides, poly(sty-
rene sulphonic acid) and salts and copolymers there-
of, in which the solidified gel electrolyte comprises
an ionic salt; and wherein a vapour travelling dis-
tance (120) is deposited by means of pattering, such
that the vapour travelling distance (120) is in contact
with at least an exposed edge (45) of the at least one
migration layer (40).

14. A method of activation of an at least one element of
an apparatus (1) according to any one of claims 1-11,
comprising the following steps

a. Establishing a contact between the migration
layer edge (45) of the at least one migration layer
(40) and the fluid (70),
b. Allowing the fluid (70) to permeate transversal
within the at least one migration layer (40);
c. Allowing the fluid (70) to establish contact with
the at least one activation layer (20) thereby
changing a doping level N of the electrically con-
ductive polymer of the at least one activation
layer (40) for activating the at least one element.

15. The method of activation of claim 14, wherein a
change in the doping level N of the electrically con-
ducting polymer of the activation layer (40) is induced
by an electrochemical reaction or a chemical reac-
tion;
wherein the change in that doping level further caus-
es at least one of a colour change of the second
portion (22) of the at least one activation layer (20)
or a change in resistance of the second portion (22)
of the at least one activation layer (20).

16. The method of activation according to any of the
claims 14 or 15, wherein the change in the doping
level of the electrically conducting polymer of the ac-
tivation layer (40) is due to at least one of a reductive
reaction or an oxidative reaction.

17. The method of activation according to any one of
claims 14 to 16, wherein the change in doping level
of the electrically conducting polymer of the activa-
tion layer (40) is triggered by applying a bias voltage
between a first contact layer (61) and a second con-
tact layer (62), which are in contact with the actitation
layer.

Patentansprüche

1. Eine Vorrichtung (1) zur Aktivierung von mindestens
einem Element, wobei die Vorrichtung (1) umfasst:

a) mindestens eine Aktivierungsschicht (20), die
ein elektrisch leitendes Polymer umfasst, wobei
die mindestens eine Aktivierungsschicht auf ei-
ner Oberfläche eines Substrats (10) angeordnet
ist, das aus einem elektrisch isolierenden Mate-
rial hergestellt ist;
b) mindestens eine Migrationsschicht (40), die
auf der mindestens einen Aktivierungsschicht
(20) abgeschieden ist, so dass die mindestens
eine Aktivierungsschicht (20) und die mindes-
tens eine Migrationsschicht in Kontakt sind, wo-
bei die mindestens eine Migrationsschicht für
ein Fluid (70) entlang einer transversalen Rich-
tung über eine Oberfläche der mindestens einen
Migrationsschicht (40) durchlässig ist, so dass
eine Änderung des Dotierungsniveaus des elek-
trisch leitfähigen Polymers der mindestens ei-
nen Aktivierungsschicht (20) erreichbar ist, zum
Aktivieren der mindestens einen Aktivierungs-
schicht (20) entlang der transversalen Richtung
für den Teil der Aktivierungsschicht (20), der mit
dem Fluid (70) in Kontakt steht; und
c) eine Einkapselungsschicht (50), die die min-
destens eine Migrationsschicht (40) bedeckt,
wobei ein Migrationsschichtrand (45) der min-
destens einen Migrationsschicht (40) freigelegt
bleibt, so dass der Migrationsschichtrand (45)
für ein Fluid (70) zur Aktivierung des mindestens
einen Elements zugänglich ist.

2. Die Vorrichtung (1) nach Anspruch 1, ferner mit min-
destens einer ersten Kontaktschicht (61), die sich
auf und in Kontakt mit der mindestens einen Aktivie-
rungsschicht (20) erstreckt, und mindestens einer
zweiten Kontaktschicht (62), die sich auf und in Kon-
takt mit einer Elektrode (30) erstreckt.

3. Die Vorrichtung (1) nach einem der obigen Ansprü-
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che, wobei das Fluid (70) aus der Gruppe bestehend
aus Wasserdampf, flüssigem Wasser, einem Elek-
trolyten auf Wasserbasis, einer Base oder einer Säu-
re ausgewählt wird.

4. Die Vorrichtung (1) nach einem der obigen Ansprü-
che, der ferner eine Trägerstruktur zur Aufnahme
eines RFID-Moduls umfasst.

5. Die Vorrichtung (1) nach einem der obigen Ansprü-
che, wobei ein Dotierungsniveau N des elektrisch
leitenden Polymers der mindestens einen Aktivie-
rungsschicht (20) über die mindestens eine Aktivie-
rungsschicht (20) als Funktion der Position variiert.

6. Die Vorrichtung (1) nach einem der obigen Ansprü-
che, wobei das Substrat (10) ferner eine Öffnung
(150) aufweist, die durch eine gasdurchlässige
Membran (160) verschlossen ist, wobei die gas-
durchlässige Membran (160) in Kontakt mit einem
Fluidbehälter (110) steht.

7. Die Vorrichtung (1) nach einem der obigen Ansprü-
che, wobei die mindestens eine Aktivierungsschicht
(20) mindestens eines von dotiertem Polyanilin (PA-
NI), Poly(ethylendioxythiophen) (PEDOT), das mit
Polystyrolsulfonsäure dotiert ist, umfasst oder aus
der aus Polythiophenen bestehenden Gruppe aus-
gewählt ist, Polypyrrole, Polyaniline, Polyiso-thia-
naphtalene, Polyphenylenvinylene, Poly(para-phe-
nylen), Poly(para-phenylen-vinylen) und deren Co-
polymere, ausgewählt aus der Gruppe bestehend
aus Poly(3,4-methylendioxythiophen), Poly(3,4-Me-
thylendioxythiophen)-Derivate, Poly(3,4-Ethylendi-
oxythiophen), Poly(3,4-Ethylendioxythiophen)-Deri-
vate, Poly(3,4-Propylendioxythiophen), Poly(3,4-
Propylendioxythiophen)-Derivate, Poly(3,4-Buty-
lendioxythiophen), Poly(3, 4-Butylendioxythi-
ophen)-Derivate, Poly-3-methylthiophen und Poly-
3,4-dimethylthiphen und Copolymere damit, wie ein
Polymer oder Copolymer eines 3,4-Dialkoxythio-
phens Poly(dialkylfluoren)-Derivate cis-Polyacety-
len, trans-Polyacetylen.

8. Die Vorrichtung (1) nach einem der obigen Ansprü-
che, wobei die mindestens eine Migrationsschicht
(40) mindestens einen der Stoffe Poly(vinylalkohol)
(PVA), sulfoniertes tet-Rafluorethylen, Poly(styrol-
sulfonsäure)säure (PSSH) und Poly(ethylenoxid)
(PEO) oder einen Elektrolyten enthält, vorzugsweise
ausgewählt aus der Gruppe bestehend aus CaCl2
und LiClO4 gelöst in Acetonitril oder einem Gelelek-
trolyten, wobei der Gelelektrolyt eine Mischung aus
Tetrabutylammoniumhexafluorophosphat
(TBAPF6) / Poly(methylmetacrylat) (PMMA) / Pro-
pylencarbonat (PC) / Acetonitril (ACN) umfasst; die
Mischung von TBAPF6 / PMMA / PC / ACN vorzugs-
weise im wesentlichen in einem Verhältnis von

3:7:20:70 nach Gewicht.

9. Die Vorrichtung (1) nach Anspruch 8, wobei die min-
destens eine Migrationsschicht (40) den Elektrolyten
in einem Kapillarmaterial umfasst; und wobei das
Kapillarmaterial aus der Gruppe ausgewählt ist, die
aus Papier, Löschpapier, Chromatographiepapier,
einer dünnen Schicht eines Adsorptionsmaterials,
üblicherweise Silicagel, Aluminiumoxid oder Cellu-
lose, sowie jeder Kombination oder jedem Verbund-
material, das aus den Mitgliedern der Gruppe.

10. Die Vorrichtung (1) nach einem der obigen Ansprü-
che, wobei die mindestens eine Migrationsschicht
(40) ferner Mikropartikel und/oder Nanopartikel um-
fasst, um einen Ort der Migration innerhalb der Mi-
grationsschicht (40) abzustimmen, wobei die Mikro-
partikel und/oder Nanopartikel mindestens eines
von Titanoxid oder Siliziumdioxid umfassen..

11. Die Vorrichtung (1) nach einem der obigen Ansprü-
che, wobei das Element aus der Gruppe ausgewählt
ist, die aus einem elektrochromen Anzeigeelement
(220), einem elektrischen Schalter, einem zeitge-
steuerten Widerstand, einer galvanischen Zelle und
einem galvanischen Element (210) oder einer belie-
bigen Kombination davon besteht; wobei das min-
destens eine Element in direktem Kontakt mit der
mindestens einen Aktivierungsschicht (20) und/oder
der mindestens einen Migrationsschicht (40) steht.

12. Ein Verfahren zur Herstellung einer Vorrichtung (1)
nach einem der Ansprüche 1 bis 11 zur Aktivierung
von mindestens einem Element, umfassend:

- Bereitstellung eines Substrats (10), das aus
einem elektrisch isolierenden Material herge-
stellt ist,
- Abscheidung von mindestens einer Aktivie-
rungsschicht (20), die ein elektrisch leitendes
Polymer umfasst, auf dem Substrat (10),
- Abscheidung von mindestens einer Migrati-
onsschicht (40) auf der Aktivierungsschicht (20),
so dass die mindestens eine Migrationsschicht
(40) mit der mindestens einen Aktivierungs-
schicht (20) in Kontakt steht,
- Abscheidung einer Einkapselungsschicht (50)
auf der Migrationsschicht (40) zum Abdecken
der mindestens einen Migrationsschicht (40),
wobei ein Migrationsschichtrand (45) der min-
destens einen Migrationsschicht (40) freigelegt
bleibt, so dass der Migrationsschichtrand (45)
für ein Fluid (70) zugänglich ist.

13. Das Verfahren zur Herstellung der Vorrichtung (1)
nach Anspruch 12, ferner umfassend einen Schritt
des Abscheidens eines Gelelektrolyten auf der Mi-
grationsschicht (40), die unter Verwendung eines
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beliebigen Mittels aus der Gruppe bestehend aus
Gelatine, einem Gelatinederivat, Polyacrylsäure
verfestigt wird, Polyhydroxyethylmethacrylat (HE-
MA), Polymethacrylsäure, Poly(vinylpyrrolidon), Po-
lysaccharide, Polyacrylamide, Polyurethane, Poly-
propylenoxide, Polyethylenoxide, Poly(styrolsulfon-
säure) sowie deren Salze und Copolymere, wobei
der verfestigte Gelelektrolyt ein ionisches Salz ent-
hält; und wobei eine va-pour Wanderstrecke (120)
mittels Musterung abgeschieden wird, so dass die
Dampfwanderstrecke (120) in Kontakt mit mindes-
tens einer freiliegenden Kante (45) der mindestens
einen Migrationsschicht (40) steht..

14. Ein Verfahren zur Aktivierung mindestens eines Ele-
ments einer Vorrichtung (1) nach einem der Ansprü-
che 1-11, umfassend die folgenden Schritte

a. Herstellen eines Kontaktes zwischen der Mi-
grationsschichtkante (45) der mindestens einen
Mini-Grundschicht (40) und der Flüssigkeit (70),
b. Ermöglichen, dass die Flüssigkeit (70) inner-
halb der mindestens einen Migrationsschicht
(40) transversal eindringt;
c. Ermöglichen, dass das Fluid (70) Kontakt mit
der mindestens einen Aktivierungsschicht (20)
herstellt, wodurch ein Dotierungsniveau N des
elektrisch leitfähigen Polymers der mindestens
einen Aktivierungsschicht (40) zur Aktivierung
des mindestens einen Elements geändert wird.

15. Das Verfahren zur Aktivierung nach Anspruch 14,
wobei eine Änderung des Dotierungsniveaus N des
elektrisch leitfähigen Polymers der Aktivierungs-
schicht (40) durch eine elektrochemische Reaktion
oder eine chemische Reaktion induziert wird.; whe-
rein the change in that doping level further causes
at least one of a colour change of the second portion
(22) of the at least one activation layer (20) or a
change in resistance of the second portion (22) of
the at least one activation layer (20).

16. Das Verfahren zur Aktivierung nach einem der An-
sprüche 14 oder 15, wobei die Änderung des Dotie-
rungsniveaus des elektrisch leitenden Polymers der
Aktivierungsschicht (40) auf mindestens eine der fol-
genden Reaktionen zurückzuführen ist: eine Reduk-
tionsreaktion oder eine Oxidationsreaktion.

17. Das Verfahren zur Aktivierung nach einem der An-
sprüche 14 bis 16, wobei die Änderung des Dotie-
rungsniveaus des elektrisch leitenden Polymers der
Aktivierungsschicht (40) durch Anlegen einer Vor-
spannung zwischen einer ersten Kontaktschicht (61)
und einer zweiten Kontaktschicht (62), die in Kontakt
mit der Aktivierungsschicht stehen, ausgelöst wird.

Revendications

1. Un appareil (1) pour l’activation d’au moins un élé-
ment, l’appareil (1) comprenant

a) au moins une couche d’activation (20) qui
comprend un polymère électriquement conduc-
teur, dans lequel la au moins une couche d’ac-
tivation est disposée sur une surface d’un subs-
trat (10) qui est fait d’un matériau électriquement
isolant;
b) au moins une couche de migration (40) dé-
posée sur la au moins une couche d’activation
(20) de sorte que la au moins une couche d’ac-
tivation (20) et la au moins une couche de mi-
gration soient en contact, dans laquelle la au
moins une couche de migration est perméable
à un fluide (70) le long d’une direction transver-
sale à travers une surface de la au moins une
couche de migration (40) de telle sorte qu’un
changement du niveau de dopage du polymère
électriquement conducteur de la au moins une
couche d’activation (20) est réalisable, pour ac-
tiver la au moins une couche d’activation (20) le
long de la direction transversale pour la partie
de la couche d’activation (20) qui est en contact
avec le fluide (70) ; et
c) une couche d’encapsulation (50) qui couvre
la au moins une couche de migration (40), lais-
sant un bord de couche de migration (45) de la
au moins une couche de migration (40) exposé,
de sorte que le bord de couche de migration (45)
est accessible à un fluide (70) pour l’activation
du au moins un élément.

2. L’appareil (1) selon la revendication 1, comprenant
en outre au moins une première couche de contact
(61) s’étendant sur et en contact avec la au moins
une couche d’activation (20) et au moins une deuxiè-
me couche de contact (62) s’étendant sur et en con-
tact avec une électrode (30).

3. L’appareil (1) selon l’une des revendications ci-des-
sus, dans lequel le fluide (70) est choisi dans le grou-
pe constitué par la vapeur d’eau, l’eau liquide, un
électrolyte à base d’eau, une base ou un acide.

4. L’appareil (1) selon l’une des revendications ci-des-
sus, comprenant en outre une structure de support
pour accueillir un module RFID.

5. L’appareil (1) selon l’une des revendications ci-des-
sus, dans lequel un niveau de dopage N du polymère
électriquement conducteur de la au moins une cou-
che d’activation (20) varie à travers la au moins une
couche d’activation (20) en fonction de la position.

6. L’appareil (1) selon l’une des revendications ci-des-
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sus, dans lequel le substrat (10) comprend en outre
une ouverture (150) qui est fermée par une mem-
brane perméable aux gaz (160), dans lequel la mem-
brane perméable aux gaz (160) est en contact avec
un récipient de fluide (110).

7. L’appareil (1) selon l’une des revendications ci-des-
sus, dans lequel la au moins une couche d’activation
(20) comprend au moins l’un des éléments suivants :
polyaniline dopée (PANI), po-ly(éthylènedioxythio-
phène) (PEDOT) dopée à l’acide polystyrènesulfo-
nique ou est choisie dans le groupe constitué par les
polythiophènes, polypyrroles, polyanilines, polyiso-
thianaphtalènes, polyphénylène-vinylènes, poly(pa-
raphénylène), poly(para-phénylène-vinylènes) et
leurs copolymères, choisis dans le groupe constitué
par le poly(3,4-méthylènedioxythiophène), les déri-
vés du poly(3,4-méthylène-dioxythiophène), le po-
ly(3,4-éthylènedioxythiophène), les dérivés du po-
ly(3,4-éthylènedioxythiophène), le poly(3,4-propylè-
nedioxythiophène), les dérivés du poly(3,4-propylè-
ne-oxythiophène), le poly(3,4-butylènedioxythio-
phène), le poly(3, Dérivés du 4-butylènedioxythio-
phène, du poly-3-méthylthiophène et du poly-3,4-di-
méthylthiophène et leurs copolymères, tels qu’un
polymère ou un copolymère d’un 3,4-dialcoxythio-
phène Dérivés du poly(dialkylfluorène) cis-polyacé-
tylène, transpolyacétylène.

8. L’appareil (1) selon l’une des revendications ci-des-
sus, dans lequel la au moins une couche de demi-
intégration (40) comprend au moins un élément par-
mi le poly(alcool vinylique) (PVA), le te-trafluoroé-
thylène sulfoné, le poly(acide styrène sulfonique)
(PSSH) et le poly(oxyde d’éthylène) (PEO) ou un
électrolyte, de préférence choisi dans le groupe
constitué par CaCl2 et LiClO4 solvaté dans de l’acé-
tonitrile ou un électrolyte en gel, dans lequel l’élec-
trolyte en gel comprend un mélange d’hexafluoro-
phosphate de tétrabutylammonium (TBAPF6) / po-
ly(méthylmétacrylate) (PMMA) / carbonate de pro-
pylène (PC) / acétonitrile (ACN) ; le mélange de
TBAPF6/ PMMA/ PC/ACN est de préférence essen-
tiellement dans un rapport de 3:7:20:70 en poids.

9. L’appareil (1) selon la revendication 8, dans lequel
la au moins une couche de migration (40) comprend
l’électrolyte dans un matériau capillaire ; et dans le-
quel le matériau capillaire est choisi dans le groupe
constitué par le papier, le papier buvard, le papier
de chromatographie, une mince couche de matériau
adsorbant, généralement du gel de silice, de l’oxyde
d’aluminium ou de la cellulose, ainsi que toute com-
binaison ou tout matériau composite formé à partir
des membres du groupe.

10. L’appareil (1) selon l’une des revendications ci-des-
sus, dans lequel la au moins une couche de migra-

tion (40) comprend en outre des microparticules
et/ou des nanoparticules pour régler une localisation
en V de la migration dans la couche de migration
(40), les microparticules et/ou les nanoparticules
comprenant au moins un élément parmi l’oxyde de
titane ou le dioxyde de silicium.

11. L’appareil (1) selon l’une quelconque des revendi-
cations ci-dessus, dans lequel l’élément est choisi
dans le groupe constitué par un élément d’affichage
électrochrome (220), un interrupteur électrique, une
résistance commandée par le temps, une cellule gal-
vanique et un élément galvanique (210) ou toute
combinaison de ceux-ci ; dans lequel le au moins un
élément est en contact direct avec la au moins une
couche d’activation (20) et/ou la au moins une cou-
che de migration (40).

12. Une procédé de fabrication d’un appareil (1) selon
l’une quelconque des revendications 1 à 11 pour l’ac-
tivation d’au moins un élément comprenant:

- la fourniture d’un substrat (10) constitué d’un
matériau électriquement isolant,
- dépôt d’au moins une couche d’activation (20)
comprenant un polymère conducteur d’électri-
cité sur le substrat (10),
- dépôt d’au moins une couche de migration (40)
sur la couche d’activation (20) de telle sorte que
la au moins une couche de migration (40) soit
en contact avec la au moins une couche d’acti-
vation (20),
- dépôt d’une couche d’encapsulation (50) sur
la couche de migration (40) pour couvrir la au
moins une couche de migration (40), laissant un
bord de la couche de migration (45) de la au
moins une couche de migration (40) exposé, de
sorte que le bord de la couche de migration (45)
est accessible à un fluide (70).

13. La procédé de fabrication de l’appareil (1) selon la
revendication 12, comprenant en outre une étape de
dépôt d’un électrolyte en gel sur la couche de migra-
tion (40) qui est solidifiée en utilisant un agent quel-
conque du groupe constitué par la gélatine, un dérivé
de la gélatine, l’acide polyacrylique, polyhydroxyé-
thylméthacrylate (HEMA), acide polyméthacrylique,
po-ly(vinylpyrrolidone), polysaccharides, polya-
crylamides, polyuréthanes, oxydes de polypropylè-
ne, oxydes de polyéthylène, acide poly(styrène sul-
fonique) et leurs sels et copolymères, dans lequel
l’électrolyte en gel solidifié comprend un sel ionique ;
et dans lequel une distance de déplacement de va-
peur (120) est déposée au moyen d’un motif, de sorte
que la distance de déplacement de vapeur (120) est
en contact avec au moins un bord exposé (45) de la
au moins une couche de migration (40).

45 46 



EP 2 215 521 B1

25

5

10

15

20

25

30

35

40

45

50

55

14. Un procédé d’activation d’au moins un élément d’un
appareil (1) selon l’une quelconque des revendica-
tions 1 à 11, comprenant les étapes suivantes

a. Établir un contact entre le bord de la couche
de migration (45) de la au moins une couche de
migration (40) et le fluide (70),
b. Permettre au fluide (70) de s’infiltrer transver-
salement à l’intérieur d’au moins une couche de
migration (40);
c. Permettre au fluide (70) d’établir un contact
avec la au moins une couche d’activation (20),
modifiant ainsi un niveau de dopage N du poly-
mère conducteur de l’électricité de la au moins
une couche d’activation (20) pour activer le au
moins un élément.

15. La procédé d’activation de la revendication 14, dans
lequel une modification du niveau de dopage N du
polymère électriquement conducteur de la couche
d’activation (20) est induite par une réaction électro-
chimique ou une réaction chimique;
dans lequel le changement de ce niveau de dopage
provoque en outre au moins un changement de cou-
leur de la deuxième partie (22) de la au moins une
couche d’activation (20) ou un changement de ré-
sistance de la deuxième partie (22) de la au moins
une couche d’activation (20).

16. Le procédé d’activation selon l’une des revendica-
tions 14 ou 15, dans lequel la modification du niveau
de dopage du polymère électriquement conducteur
de la couche d’activation (20) est due à au moins
une réaction parmi une réaction de réduction ou une
réaction d’oxydation.

17. Le procédé d’activation selon l’une quelconque des
revendications 14 à 16, dans lequel la modification
du niveau de dopage du polymère électriquement
conducteur de la couche d’activation (20) est déclen-
chée en appliquant une tension de polarisation entre
une première couche de contact (61) et une deuxiè-
me couche de contact (62), qui sont en contact avec
la couche d’activation.
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