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Printed capacitive sensing device

Field of invention

The present invention relates to capacitive-based sensing devices, in particular printed capacitive

gas sensing devices.

State of the art

Capacitive-based sensing is especially appealing as sensing principle due to its ultra-low power

consumption compared with other methods such as resistive.

Due to their advantageous properties such as very low-cost, flexible and conformal, compatible

with large arrays, optical transparency, etc., printed gas sensors on plastic foils offer new routes

in applications related to consumer electronics (smart phones), wearable systems and monitoring

of the environment and goods (wireless sensors and smart RFID labels).

Using printed/plastic electronic processes offers benefits compared to standard cleanroom thin

films processes because of the unique properties of plastic electronics (potentially low cost, light

weight, thinness, mechanical flexibility and stretchability), and the advantages of printing

methods (efficiency in material use and low thermal and chemical budget requirements).

However, printing processes present limited resolution compared to standard optical

photolithography, resulting in large capacitive devices, especially those utilizing typical

interdigitated electrodes (IDE). Other drawbacks of printed/plastic devices are that the standard

plastic - and organic in general - substrates exhibit sensitivity to some volatile organic

compounds and humidity; and the fact that printable functional materials are solvent-based

liquids, so that chemical incompatibilities arise between different stacked layers, reducing the

range of utilizable materials.



Printed electronics methods offer limitations in resolution, which makes difficult the fabrication

of small capacitive devices with a capacitance value large enough for detection with standard

electronics. This is an important issue when dealing with low cost capacitive gas sensing

applications, because the smaller the surface area of a device, the smaller the amount of material

needed to fabricate it (ink and substrate material) and the related fabrication cost. Besides,

reduced dimensions involve improved performances such as response time or sensitivity.

The chemical interaction between the printed inks (conductors, sensing layers, dielectrics) and

the substrate is challenging due to the nature of the printing techniques and solvent-based

materials. The latter could directly influence the integrity of the layers as well as the adhesion

among them.

Different structures can be found in literature, which seek for the optimization of sensitivity and

response time in capacitive gas sensors based on sorption phenomena. Among these structures,

we can find:

· Parallel-plates (PP) devices: PP devices were reported where different-shaped gas admittance

openings are fabricated on the sensor to optimize sensor performances. The openings are

included on top electrode [1, 2], or both bottom and top electrodes [2] and dielectric to favor gas

flow inside the structure. The alignment between top and bottom patterned electrodes is also

considered (see Figure 1, 2 and 3). The fabrication process and materials are basically vacuum

deposited metals for electrodes, spin coated polyimide and Reactive Ion Etching (RIE) or 0 2

plasma etching for patterning [2].

• Interdigitated electrodes (IDE) devices: IDE devices have been studied before. As an

example, we can find in literature some papers dealing with Si-based sensors fabricated with

standard microfabrication techniques, allowing for feature sizes of few microns. Small size is not

a challenge for this established technology and the substrate is inert. Therefore, isolation between

both branches of electrodes is not needed to prevent overlap of the electrodes or as a barrier, but

to avoid bad sensor performance when condensation happens in the sensor at high values of

analyte concentration. In order to increase sensitivity, it is possible to pattern one branch of

electrodes higher than the other, to shift up the lines of electric field to the area that will be

occupied by the sensing layer (see Figures 4 and 5) [3, 4].



• Combination of both PP and IDE devices: By using spin coating and evaporation, some

groups have beneficiated from the advantages of PP and IDE devices by combining them

somehow. A very simple example can be found in [5], where the two electrodes of the device are

in plane and a floating electrode is placed on the other extent of the dielectric layer (see Figure

6). The whole structure has the resulting capacitance value of two parallel-plates capacitors in

series.

Finally, different electrode geometries have been compared using a theoretical model. The model

was previously assessed with the data obtained from a PP gas sensor. In this work, the authors

studied the influence of stacking two IDE layers for gas sensing [6]. Figures 7 and 8 show the

structure used for evaluation as well as one of the studied configurations.

Similar strategy is proposed in the patent [7], where the structure shown in Figure 9 allows for a

higher implication of the lateral wall component of the capacitance in the sensing mechanism.

The rigid substrates presented above does not beneficiate from the polymeric electronics

methods, which result especially appealing for low-cost, smart packaging due to the ability of the

sensors of being arbitrary shaped (see [8]), as well as the possibility of printing them directly on

the package.

Above was reviewed some works dealing with rigid substrates and standard micro-fabrication

processes. Some work was also published on the development of flexible / polymeric gas sensors

using standard clean room and also printing technology. A part of them relies in changes on

resistivity in presence of gas [9-11]. Considering the type of device addressed here, only low-

power capacitive-based devices are reviewed in this section.

• Flexible and polymeric IDE devices: In 2008, temperature and humidity sensors were

developed using gold patterned on parylene and polyimide as sensing layer [12]. One year later,

interdigitated capacitive humidity sensors based on MWCNTs/polyelectrolyte interfaces on

flexible substrates were also reported [13]. This same year Oprea et al., in collaboration with

EPFL-SAMLAB fabricated low-power temperature and volatile organic compounds (VOC)

sensors on flexible substrates [14]. They measured the capacitance using a differential method to

subtract the parasitic effect of the substrate. The sensing materials were common polymers, like



PEUT or PDMS. Recently, another humidity sensor based on cellulose-polypyrrole

nanocomposite has been reported [15].

• PP structure: Also PP and flexible capacitive structures have been reported for gas sensing

using standard processes. In 2006, Satyanarayana et al. showed an array of vertical sensors,

which sensing principle was based on surface stress [16]. In the last years, Zampetti and his

group have been developing stacked PP structures based on flexible substrates and different gas

sensing dielectrics; using standard clean room processes (see Figure 10) [17, 18].

• Printed devices: Some work has been reported in the fabrication of printed capacitors for other

than gas sensing applications describing interesting fabrication processes. In 2003, a PEDOT:

PSS (conductive polymer) inkjet-printed parallel-plate capacitor for RC filters was published

[19]. In 2009, an interdigitated capacitive and resistive strain sensor using inkjet-printed

PEDOT:PSS was also reported [20]. Our group has recently gathered some experience in inkjet

printer capacitive gas sensors [21-23] using a standard IDE configuration in which the size has

not been optimized yet, leading to large devices of tens of millimeters squares of surface area.

Recently some IDE devices using gravure and inkjet printing techniques on PET and PI foil have

been presented [24-26].

Even though some of the capacitive gas sensing approaches presented above have been

developed on flexible organic foil, they were mainly developed with standard clean room

technology with processes such as evaporation, lithography, etching, spin coating... The

incompatibilities with polymeric and cellulose based substrates introduced by the use of standard

processes are linked to the low maximal temperature and bad tolerance to aggressive chemicals

typical of organic flexible materials. Large improvements in fabrication costs and large scale

production can be achieved by the use of printing electronics methods on a large area.

Even for the mentioned examples of printed devices, the size of the proposed sensors remains

still too large to obtain their peak of performances, especially for inkjet-printed devices. Despite

its low resolution, inkjet printing is recently getting special attention due to its maskless and

contactless character, great flexibility of prototyping, potential availability of materials to be

used as printed solutions, and suitability for the fabrication of arrays of sensors with different gas

sensitive materials. Apart from inkjet printing, other printing methods such as micro-contact,

gravure, flexography, screen or offset printing are also compatible with this invention and could



benefit for the proposed approaches for size reduction of printed capacitive gas sensing devices.

Finally, the interaction between the printed inks and the polymeric substrates presents

disadvantages, due to the solvent-based nature of the inks and the curing and sintering processes

involved.

Because the operation of this kind of capacitive gas sensors is based on the diffusion of the

analyte in the sensing layer, a big improvement in the sensor performance can be obtained by

including a heater in the structure [27, 28]. At higher temperature, the diffusion of the analyte in

the sensor occurs more rapidly, decreasing the response time of the sensor. Higher temperature

also improves the linearity of the sensor signal by reducing the chances of condensation of

certain analytes, such as humidity, in the sensing layer and it makes the sorption process more

reversible by reducing the hysteresis of the sensor signal. Pulse temperature modulation can also

be applied to regenerate/reset the sensors.



General description of the invention

The problems mentioned in the previous chapter are solved by the invention which relates to a

capacitive-sensing device and a process for manufacturing such a device. Both objects are

defined in the claims.

Among other things the invention includes two geometries and their corresponding

manufacturing processes, which are able to solve the main issues associated to printed capacitive

gas sensors on plastic foils; namely decrease their surface area for the same capacitance value,

and eliminate the parasitic influence of the substrate. Both geometries can be patterned so that a

heater or a thermoresistor may be formed in the device for improved sensing capabilities and/or

temperature control.

Smaller gas sensing devices are more performing and cost efficient. In order to increase the

capacitance per surface area, two main approaches may be followed:

• The first one is to decrease the gap in between electrodes for planar or quasi planar IDE

devices, by adding a dielectric interlayer between electrodes.

· The second one involves the use of a parallel-plates (PP) structure.

Both solutions solve the problem of substrate parasitic signal in a different way: the interlayer in

the first one acts as barrier for the analyte that isolates the substrate, whereas the geometry of the

second confines the electric field exclusively in the sensing layer. Finally, the first solution

involves the deposition of the sensing layer onto the IDE, avoiding in this way any chemical

compatibility problem. For the second solution, the use of micro-contact printing process

minimizes the appearance of chemical incompatibilities between the different stacked layers.

Each kind of configuration presents its own advantages depending on the specific application.

In terms of materials, every flexible organic material can be used as substrate regardless its

thermal properties, since printed process do not require high temperature. Among the most



common materials used in printed electronics, one can find: polyethylene terephthalate (PET),

polyethylene naphthalene (PEN), polyimide (PI), parylene, polyethyleneimide (PEI), cellulose

based materials such as paper, dry photoresist and biodegradable polymers such as poly(lactic

acid) (PLA) and derivate. This invention is compatible with every printing electronics method

such as micro-contact, inkjet, gravure, flexography, offset or screen printing. A wide variety of

materials can be deposit by means of printed methods. Among them, we can find conductive

materials: metals and conductive polymers such as Poly(3,4-ethylenedioxythiophene)

poly(styrenesulfonate) (PEDOT:PSS), polypyrrole (PPY) or polyaniline (PANI)); or dielectrics,

which can be printed or evaporated to be used as passivation layer (parylene-C, AI2O3 or others)

or gas sensing material: Cellulose acetate butyrate (CAB), poly(methylmethacrylate) (PMMA),

cellulose acetate (CA), polyetherurethane (PEUT), polydimethylsiloxane (PDMS) or

polyvinylpyrrolidone (PVP), dry foil or Poly(2-hydroxyethyl methacrylate (pHMEA) and their

combinations to name some of them.

Detailed description of the invention

The invention will be presented in a more detailed manner below, with non-limiting examples

and with some figures.

Brief description of the figures:

Figure 1 : from references [1, 2] parallel-plate configuration. The top electrodes with humidity

admittance openings, a) rectangular stripes, b) square holes, and the bottom electrodes, c)

conventional and d) & e) patterned to reduce the less sensitive capacitive area.

Figure 2 : from reference [2] parallel-plate configuration. Cross section of various sensor designs:

a) conventional, b) with patterned and aligned bottom electrodes and c) with patterned and

displaced bottom electrode.



Figure 3: from reference [2] parallel-plate configuration. The cross section of a humidity sensor

with patterned humidity admittance opening formed by RIE to increase sensitivity.

Figure 4 : from reference [3]. Electrode width and spacing are 1.6 mm. The total size of both

sensor and reference is 800 x 800 µπ . Note that the stacked electrodes have same polarity.

Figure 5 : from reference [4]. The upper electrode consists of 32 aluminum the two electrodes

fingers and the lower of polysilicon. The fingers are each 3 µπ wide and 3 µπ apart. CVD

oxides and nitrides guarantee an electric insulation between. Surface: 380 x 380 µπ .

Figure 6 : from reference [5]. Structure of the floating electrode capacitor.

Figure 7 : from reference [6]. Configuration of fabricate sensor for evaluation of the model.

Figure 8 : from reference [6]. Sketch of simulated models (no fabrication). Sizes of W and G of 3

µπι.

Figure 9 : from reference [7]. Sketch of a capacitive structure combining properties from PP and

IDE devices.

Figure 10: from reference [17, 18]. Sketch of a flexible parallel plates gas sensor.

Figure 11: example of printing (inkjet) of an IDE device with a passivation layer in between the

two electrodes to prevent short circuit. The sensing layer is deposited as last step on top of the

printed electrodes. The top and bottom electrodes could be designed as resistor types to use as

RTD or heater.

Figure 12: cross-sectional schematic of non-overlapping capacitive sensor with a passivation

layer that separates both electrodes to prevent short circuits and minimize the gap between them,

and to prevent influence from the substrate. The sensing layer comes on top of the structure

while the substrate on the bottom.



Figure 13: cross-sectional schematic of non-overlapping capacitive sensor with a passivation

layer between the substrate and the electrodes to prevent influence from the substrate, and a

sensing layer in-between the electrodes.

Figure 14: cross-sectional schematic of non-overlapping capacitive sensor with a passivation

layer between the substrate and the electrodes to prevent influence from the substrate. The

structure presents two sensing layers: one in-between the electrodes and one on top of the

structure.

Figure 15: prevention of short circuit between two overlapping printed electrodes (of different

polarity), thanks to their separation with a passivation layer (dielectric layer) in between (Figure

11).

Figure 16: comparison between theoretically estimated and measured capacitance per surface

area versus inter-electrodes space (a), showing optical pictures of different scenarios of

overlapping between the two electrodes (b).

Figure 17: comparison of transient response of the sensor (right axis) versus pulses of relative

humidity (left axis), showing a good agreement between the two curves.

Figure 18: cross-sectional schematic of parallel-plate capacitive sensor with a sensing layer in-

between the electrodes, on top of an organic substrate.

Figure 19: cross-sectional schematic of parallel-plate capacitive sensor with a sensing layer in-

between the electrodes, on top of an organic substrate. The top electrode is patterned to use it as

resistive sensor or resistive heater.

Figure 20: cross-sectional schematic of parallel-plate capacitive sensor with a sensing layer in-

between the electrodes, on top of an organic substrate. The top and bottom electrodes are

patterned to use them as resistive sensors or resistive heaters.



Figure 21: optical pictures and magnification of a fully inkjet-printed parallel-plate capacitive

humidity sensor. The rough surface and porous nature of the top electrode allows the analyte to

reach the sensing layer without the need of patterning a grid.

Figure 22: comparison between the parallel plate device measurements with and without the grid

on the top electrode versus relative humidity values. The plot shows the feasibility of having a

top electrode without patterning and still having the analyte reaching the sensing layer.

Figure 23: comparison between parallel plate device measurements without the grid on the top

electrode (left axis) versus a commercial sensor (right axis), showing a good agreement between

the two curves.

Figure 24: fabrication process of a printed vertical parallel plate capacitive gas sensor with a

complete and grid top electrode. The sensing layer is deposited after the first metal layer onto the

organic substrate. Then using micro-contact printing two approaches could be followed:

complete or grid mold. The grid mode increases the exposure area of the sensing layer to the

analyte.

Figure 25: example of micro contact printing process, showing the process flow to fabricate a

flexible complete or grid mold.

Figure 26: example of a micro contact printed top Au electrode onto an inkjet printed bottom Au

electrode. Both electrodes are separated by a cellulose acetate butyrate layer.

Figure 27: schematic of single drop size capacitive sensor with a printed bottom electrode and

sensing layer, and micro contact printed top electrode using a flexible stamp.



IDE coplanar capacitors for gas sensing

In IDE coplanar capacitive gas sensors, the sensing layer is placed on the top of the device

electrodes allowing for direct interaction between the target gas and the sensing layer as depicted

in Figure 11. On the other hand, the patterning of the electrodes can result more complicated than

in PP structures, requiring high precision to define closely spaced electrodes, which is usually

difficult to achieve with standard printing methods (such as inkjet, screen or gravure printing).

Closely packed electrodes, without short-circuits between them, are mandatory to obtain high

values of capacitance per surface area. Another parameter playing an important role in the sensor

performance is the thickness of the sensing layer(s). As commented above, the operation of this

type of sensors is diffusion-based, thus a very thick sensing layer implies a longer sensor

response [23, 29]. In general, thick sensing layers provide also higher sensitivity, but this factor

becomes less important for the highly packed electrodes that we propose in this report [30].

Finally, because the substrate is also polymeric, it would act as a secondary sensing layer, so

special care has to be put in its characteristics. In case that the substrate introduces parasitic

effect, differential measurements need to be performed to eliminate this undesirable component

[14].

In order to increase area density and the fabrication yield at the same time, one IDE-based

capacitor is proposed utilizing a polymeric substrate where we print a first set of electrodes /

heater / thermoresistor and passivate them with a thin layer of insulator material such as parylene

or other [31]. Then we inkjet print the second half of the electrodes on top and finally we add a

dedicated sensing layer as depicted in Figure 11 and Figure 12. Alternatively, the insulator

material can be deposited directly on the substrate. Then, after the first set of electrodes / heater /

thermoresistor is deposited, a sensing layer is added as electrodes-separating layer prior to the

printing of the second set of electrodes (see Figure 13). In the last step, the sensing layer can be

completed if needed with a second sensing layer as depicted in Figure 14. Even if one electrode

overlaps with the contiguous one, they will not be exactly on the same plane and there will not

be in contact, avoiding short circuits (see Figure 15). Therefore, and despite IDE is the only

electrode geometry shown in the figures, any other shape of coplanar electrodes (such as

meanders or grids) could be used in the present invention without loss of generality. The



described devices present several advantages for capacitive sensing compared with less compact

structures. For instance, the sensitivity of such printed sensors improves for two reasons: on one

hand, the nominal capacitance increases for the same area, and accordingly the absolute

sensitivity. On the other hand, being the electrodes more packed, there would be a maximization

of the interaction between the electric field and the thin sensing layer, increasing also the relative

sensitivity [23] since it is known that the electric field of such combed structures extends

basically to a height equal to the electrodes pitch [29, 30, 32, 33]. In principle an intermediate

layer, considered insensitive to the target gas as is the case of the passivation, would decrease the

sensitivity because it occupies space filled by the electric field lines. Nevertheless its influence

results negligible in practice, due to its thickness, very small compared to the electrodes pitch.

The previous fact has been supported theoretically by removing the parylene layer in a

theoretical model and observing a very small capacitance difference. In the same way,

overlapping electrodes do not contribute to the shift in capacitance in the presence of the target

gas, since the electric field associated to them would be confined in the insensitive insulating

layer. Another sensing advantage of the presented devices comes from the fact that both

capacitor polarities are insulated. Therefore, condensation of analyte (such as water) between

electrodes, responsible of an undesired modification of the sensor signal at high concentration,

does not appear [34-36]. Last but not least, the isolation layer acts as a barrier for the analyte, so

that the substrate does not absorb analyte, making possible the operation of one single device,

instead of differential mode measurements [14, 23].

The value of capacitance per surface area obtained for well aligned (see Figure 16) devices was

as high as 0.45 pF/mm , for an electrode pitch of 60 µπ and an inter-electrodes gap as small as

12 µπ . A theoretical model based on conformal mapping and partial capacitance is proposed to

estimate the nominal capacitance value of the different fabricated geometries, providing a very

good fitting with experiments. The potential of the aforementioned devices for sensing has been

evaluated for relative humidity capacitive sensing, by inkjet printing a test layer of cellulose

acetate butyrate (CAB), whose electrical permittivity and thickness is sensitive to relative

humidity, but the concept can be extended to any analyte/sensing layer couple. The

characterization of the sensors in both steady and transient state offered devices with linear

behavior up to 70% r.h., an improved absolute sensitivity per area of 5.46 fF/1% r.h. and stable

and reproducible signal (see Figure 17).



Parallel-plates capacitors for gas sensing

Parallel-plates capacitors for gas sensing present the main advantage of having the electric field

confined between the two parallel plates electrodes, avoiding parasitic effect of the polymeric

substrate. This configuration also maximizes the nominal value of capacitance and the relative

sensitivity, maximizing the overlapping between sensing layer and electric field.

In principle, one or both parallel electrodes can be patterned as shown in Figures 18, 19 and 20.

We have fabricated a parallel-plate device consisting of polymeric substrate, inkjet-printed

bottom electrode, inkjet-printed humidity sensing layer of cellulose acetate butyrate (CAB) and

inkjet-printed top electrode (see Figure 21) [37]. We demonstrated that the material of the top

electrode is non-homogeneous and porous enough to let the analyte (water in this case) reach the

sensing layer as depicted on the right side of Figure 2 1 and in the capacitive response in Figure

22. This fact makes the challenging patterning of the top electrode step unnecessary. Good

response to humidity is appreciated in Figure 23 for an un-patterned top electrode.

In principle, stacked electrodes capacitors allow high capacitance value per surface area and very

fast response by utilizing a very thin dielectric in between the two electrodes. Inkjet printing

allows for a tight control of the thickness of very thin printed layers, which makes it a good

process for the fabrication of this configuration. However, it is very challenging to print the top

electrode onto a very thin sensing layer using conventional printing methods, without short-

circuiting the device. The reason is that conventional printing techniques use solvent-based inks

that are prone to react with the dielectric material, damaging it or dissolving it in the worst case.

To outcome the previous challenges, the device proposed is an improvement of the developed in

[37] and consists of a dielectric that acts as the substrate, a printed (with any method and

material) conductor that works as bottom electrode and another inkjet-printed (or printed in

general) dielectric that is the sensing layer between electrodes (see Figure 24). The challenging

top electrode is to be developed using micro-contact printing µ-contact printing is an emerging

fabrication method in which a mold with sizes down to tens of nanometers is obtained by e-beam



or photo lithography. The mold is dipped on self-assembled metallic nanoparticles or other

conductive paste and stamped on the substrate transferring the desired layout as shown in Figure

25. The advantage of using this printing method is that it makes possible the transfer of a dry

conductive layer which would not interact with the sensing layer underneath, expanding the

range of material to be used as sensing layer, as well as allowing the use of thinner dielectric

layers with no risk of shortcircuits. We have some previous experience using PDMS stamps to

transfer layers of gold-nanoparticles from the surface of deionized water onto a sensitive

polymer CAB without observing interaction between both (see Figure 26). The gold layer is

sintered using low-frequency Ar plasma, which is a room temperature process compatible with

the materials in the structure. Very thin sensing layers would permit the shrinking of the device

surface area down to single drops devices maintaining yet a measurable nominal value (see

Figure 27). With µ-contact printing, it is possible to achieve the same resolution than with

photolithography, so that patterning the top electrode is not a problem. Nonetheless, it is likely

that the transferred material is also porous enough as in [37] or have certain self-assembled

pattern that make this patterning step unnecessary. In any case, it is possible to transfer a

complete and a grid-shaped mold on top of the sensing layer with the described micro-contact

printing technique, as shown in Figure 25.

Finally, the bottom electrode can be shaped as a meander-shaped heater / RTD (as in Figure 20)

if needed, at expenses of having larger area device, but benefiting from the advantages of an

integrated heater.
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Claims

1. Capacitive-based sensing device comprising an organic substrate, a sensing layer and two

printed / additively deposited planar electrodes, said sensing layer being separated from the

substrate by at least one separating layer.

2. Sensing device according to claim 1 wherein said sensing layer is printed / additively

deposited.

3. Sensing device according to claim 1 or 2 wherein said sensing layer is a gas sensing layer.

4. Sensing device according to claim 1, 2 or 3 wherein said separating layer is a passivation

layer.

5. Sensing device according to claim 4 wherein said sensing layer is the uppermost layer.

6. Sensing device according to claim 4 wherein said sensing layer is comprised between said two

electrodes.

7. Sensing device according to claim 6 comprising a second sensing layer and which forms the

uppermost layer.

8. Sensing device according to anyone of claims 4 to 7 wherein said electrodes have a comb

shape and are positioned in a way as to fit into each other.

9. Sensing device according to anyone of claims 4 to 7 wherein said electrodes have a meander

shape and are positioned in a way as to fit into each other.

10. Sensing device according to claim 9 wherein said electrodes are resistive temperature

detectors or heaters.



11. Sensing device according to anyone of claims 8 or 9 wherein said electrodes are slightly

overlapped.

12. Sensing device according to claim 1, 2 or 3 wherein said separating layer is one of said

printed / additively printed planar electrodes.

13. Sensing device according to claim 12 wherein said sensing layer is comprised between said

two electrodes.

14. Sensing device according to claim 12 or 13 wherein said two electrodes are complete.

15. Sensing device according to claim 12 or 13 wherein at least one of said two electrodes is

patterned.

16. Sensing device according to claim 15 wherein both electrodes are patterned.

17. Process for obtaining a capacitive-based sensing device as defined in anyone of the previous

claims, said process comprising the following steps:

- providing a substrate,

- forming at least one separating layer on said substrate,

- forming a sensing layer in a way as to have said separating layer between said sensing layer

and said substrate,

- printed / additively deposited two planar electrodes.

- micro-contact printing the uppermost electrode of the devices described in claim 10 or 11.
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