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a b  s  t r a  c  t

(Pt–Pt–Ag/AgCl)  and (Au–Pt–Ag/AgCl) electrochemical  microcells  (ElecCell) were  developed  for the

detection  of  redox  species  by cyclic voltammetry. A  special  emphasis  was placed on  the SU-8  wafer-

level  passivation  process in order to  optimize  the electrochemical  properties  of the  different “thin  film”

metallic  layers,  i.e.  gold or  platinum for the  working  electrode, platinum for the counter  electrode and

silver/silver  chloride for  the  reference  electrode. (Au–Pt–Ag/AgCl)  microcells  were  applied for the detec-

tion  of  antioxidant species  such  as  ascorbic and  uric  acids in phosphate  buffer  solution,  evidencing  high

sensitivity  but  low  selectivity.  Works were  extended to skin  analysis,  demonstrating  that  a good electri-

cal  contact  with  the  skin  hydrolipidic  film allowed the  effective evaluation of the  skin global antioxidant

capacity.

1. Introduction

Electrochemistry provides an appropriate platform for the

development of many analytical techniques in different fields

including clinical biology, food industry or environment [1–5].

Indeed, electrochemical procedures provide many advantages such

as easy use, low cost, fast analysis, as well as high detection sen-

sitivity and selectivity [6]. Research works were thus dedicated to

developing the electrochemical theory at a  microscale level, study-

ing bioelectrochemical sensitive layers properties and constructing

micro/nanoelectrodes. Due to these works, an improvement in

electroanalytical methods was achieves, consequently leading to

the detection of many chemical, biochemical and biological redox

species in complex media [7,8]. This is  for instance the case

for the evaluation of oxidative stress and the assay of specific

antioxidant species on skin. Oxidative stress is known to be respon-

sible for the production of reactive oxygen species (ROS) [9–12].

Face to pro-oxidative environments (atmosphere, pollutants, UV

irradiations, pathogenic bacteria. . .), skin has developed different

strategies to protect itself [9,13]. One of them is related to the

production of hydrophilic antioxidant species such as  glutathione

as well as ascorbic and uric acids. As a  result, concerning the

skin global antioxidant capacity, the detection of these different

molecules became a  very important issue not only for biological
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researches but also for routine analysis. Recently, non-integrated

ultra-microelectrodes were developed and successfully applied

to the skin analysis [14–16]. Nevertheless, in order to further

improve skin electrochemical analysis, microelectrodes fabrication

process had to be improved in order to ensure miniaturization,

mass fabrication, reproducibility, reliability and easiness of use.

In order to obtain these specifications and develop integrated

electrochemical microcells comprised of a three-microelectrodes

system, two different technologies were proposed. Firstly, screen-

printing techniques were studied for the fabrication of “thick

films” electrochemical sensors [7,17]. Unfortunately, their spatial

resolution is not efficient enough to reach microscale level. Sec-

ondly, technologies derived from microelectronics were developed

[18]. By introducing photolithographic processes, silicon-based

technologies were successfully used for mass fabrication of thin

metallic micro/nanoelectrodes and integration of electrochemi-

cal microcells on different substrates (silicon, glass, polymers. .  .)

[19–23], dealing with numerous applications: chemical and bio-

chemical detection [24–27], immunodetection [28], microfluidic

electroanalysis [29–32], neurosciences [33,34],. . .  Nevertheless,

the so-fabricated thin metallic layers have still to be studied in  order

to control their intrinsic electrochemical characteristics and the

related electrochemical microcells have to be optimized in order

to be fully compatible for skin electrochemical analysis.

This paper deals with the mass fabrication of integrated, three-

electrode (Pt–Pt–Ag/AgCl) and (Au–Pt–Ag/AgCl) electrochemical

microcells using silicon-based microtechnologies and their appli-

cation in the detection of antioxidant species. To begin with,

electrochemical characteristics of different thin metallic layers, i.e.



          

Fig. 1. Schematics of the (Au–Pt–Ag)  electrochemical  microcell.

gold, platinum and silver, were studied. Then, (Au–Pt–Ag/AgCl)

electrochemical microcells are used for  the detection of ascorbic

and uric acids in various solutions. Finally, their use is  extended to

the skin analysis, focusing on the wafer-level passivation process

improvement and examining the skin global antioxidant capacity

measurement.

2. Experimental

2.1. Electrochemical microcells fabrication

(Pt–Pt–Ag/AgCl) and (Au–Pt–Ag/AgCl) electrochemical micro-

cells (ElecCell) were fabricated on oxidized (oxide thickness:

∼1 mm) silicon wafers. The different thin metallic layers were

deposited by evaporation in conventional physical vapour depo-

sition (PVD) equipments, and patterned using a  bilayer lift-off

process in order to improve fabrication reproducibility. Three PVD

processes were performed in a row: firstly, a 200 nm platinum layer

was deposited on a 20 nm titanium underlayer in order to ensure

platinum adhesion on silicon oxide, followed by a 800 nm gold

and a  400 nm silver layer. These different thicknesses values were

chosen in order to enhance adhesion properties while limiting tech-

nological defects related to mechanical stress and inter-diffusion

phenomena of metallic atoms (Ti, Pt, Au and Ag).

Finally, a  biocompatible SU-8 passivation layer (thickness: 1.6

or 3 mm) was deposited at the wafer level using photolithogra-

phy techniques (Fig. 1). SU-8 3005 photoresist (purchased from

MicroChem Corporation) was spin-coated and a  soft bake was then

performed at 95 ◦C. The polymer crosslinking was achieved due

to an ultraviolet (UV) exposure while active zones were defined

using a specific photolithographic mask. A post-exposure bake was

performed at 95 ◦C. Finally, after revealing the different metal-

lic areas (Pt, Au, Ag) by the development of the active zones in

PGMEA  (propylene glycol monomethyl ether acetate), an addi-

tional UV exposure and a  final hard-bake were conducted to ensure

the SU-8 layer complete polymerization. This wafer-level passiv-

ation process was used to insulate electrically the different metallic

layers and define precisely the different active surfaces. The gold

or platinum working microelectrodes were defined as disks and

their electroactive area was approximately 4.9 ×  10−4 mm2 (diam-

eter: 25 mm). In contrast, very large silver/silver chloride reference

microelectrode (0.02 mm2) and platinum counter microelectrode

(1 mm2) were fabricated. (Pt–Pt–Ag) and (Au–Pt–Ag) electrochem-

ical microdevices were manufactured on silicon chip (Fig. 2). The

whole chip was then placed and glued by an epoxy insulating glue

on a specifically coated printed circuit, wire bonded and pack-

aged at the system level using a  silicone glop-top in order to

be fully compatible with liquid phase measurement (Fig. 2).  For

each microdevice, the silver/silver chloride Ag/AgCl reference was

finally obtained by oxidizing the silver metallic layer in  a  0.01 M

KCl solution. This oxidation was performed by linear voltammetry

(potential scan rate: 1 mV s−1 between 0.1 and 0.25 V/SCE) using

a standard saturated calomel electrode (SCE) Hg/Hg2Cl2/KClsat as

reference.

2.2. Electrochemical microcells characterization

All the electrochemical characterizations were held using a

multi-channel VMP potentiostat from Biologic. Surfaces of the “thin

film” platinum and gold working microelectrodes were electro-

chemically characterized by cyclic voltammetry in a deaerated

0.5 M H2SO4 solution (potential scan rate: 50 mV s−1 between

−0.25 and +1.2 V/SCE, and between −0.3 and +1.6 V/SCE respec-

tively). Their active surface was then evaluated by plotting a

current–potential curve (potential scan rate: 50 mV s−1 between

−0.5 and +0.3 V/SCE) in a deaerated, 0.1 M,  pH 7.0 phosphate buffer

Fig.  2. Details of the  (Au–Pt–Ag) electrochemical  microcell chip and  realisation of  the  (Au–Pt–Ag/AgCl) ElecCell microsensor.



          

Fig.  3. Use  of the  (Au–Pt–Ag/AgCl) electrochemical  microcell for  the skin analysis.

solution (PBS) containing 0.005 M of ferricyanide ions Fe(CN)6
3−.

Considering a steady-state regime, the microelectrode radius was

calculated according to the Saïto relation [35]:

Ilim =  4nFDCr (1)

where  F is  the Faraday constant (F =  96500 C  mol−1), n  is the num-

ber of electrons exchanged per mole (n =  1), and C  and D are

the Fe(CN)6
3− ion concentration and diffusion coefficient, being

estimated to 5 × 10−3 mol L−1 and 7 ×  10−6 cm2 s−1 respectively

[36,37].

The  electrochemical characteristics of the “thin-film” silver

microelectrodes were studied by cyclic voltammetry in a deaerated

0.1 M KNO3 acid (pH 3.5) solution (potential scan rate: 50 mV s−1

between −1 and +0.5 V/SCE). Finally, the efficiency and stability of

the resulting Ag/AgCl reference microelectrode were evaluated by

monitoring the Nernst potential at equilibrium in a  0.01 KCl solu-

tion and compared with a  standard saturated calomel electrode

(SCE).

All the chemical reagents were purchased from Sigma.

2.3. Electrochemical characterization of antioxidant species in

solution  and on the skin

The whole (Au–Pt–Ag/AgCl) ElecCell microsensors were tested

in an autonomous way, i.e. using the “three integrated micro-

electrodes” configuration, for the detection of two antioxidant

molecules: ascorbic (AA) and uric (UA) acids. This was performed

by cyclic voltammetry (potential scan rate: 50 mV s−1 between −0.2

and +0.8 V) in a  PBS pH 7.0 containing ascorbic acid and/or uric acid

(concentration: 10−3 M, purchased from Sigma). Their analytical

performances were compared with standard “non-integrated” gold

microelectrode presented in previous papers [14,16]. For a  better

comparison of the different amperometric responses, the resid-

ual voltammogramms obtained in PBS were deduced from those

obtained with AA and/or UA species.

Finally, electrochemical characterization of antioxidant

molecules was extended to skin analysis by applying directly

the (Au–Pt–Ag/AgCl) ElecCell microsensors on the forearm skin

surface (Fig. 3).

3.  Results and discussion

3.1.  Electrochemical characteristics of the platinum thin film

(Pt–Pt–Ag/AgCl) electrochemical microcells were first char-

acterized by cyclic voltammetry. Fig. 4  shows the cyclic

voltammogram typically obtained with the “thin film” platinum

working microelectrode (SU-8 thickness: 1.6  mm) in a 0.5 M

deaerated H2SO4 solution. The curve shape is representative of

polycrystalline platinum [38–40]: the oxidation and reduction

Fig. 4.  Cyclic  voltammogram obtained  with the “thin film”  platinum  working  elec-

trode (SU-8  thickness:  1.6 mm)  in  a  deaerated  0.5  M H2SO4 solution  (potential scan

rate:  50 mV  s−1).

peaks related to the PtH2 and PtH species appeared in a potential

range between −0.25 and 0 V. The platinum oxidation began around

0.6 V and the solvent oxidation was around 1.2 V. The peak potential

corresponding to the reduction of the platinum oxides previously

obtained at the electrode surface was found around 0.45 V.

Cyclic voltammograms recorded with the “thin film” platinum

working microelectrode in a  deaerated 0.005 M Fe(CN)6
3− solu-

tion yielded a steady-state diffusion-limited current even without

stirring the solution and with a  relatively high potential scan

rate of 50 mV s−1 (figure not shown). According to Eq. (1), the

Ilim experimental value was approximately 34 nA current. This

value corresponded to an electroactive surface of approximately

5 × 10−4 mm2, i.e. to a radius around 25 mm, which was agreement

with the working microelectrode dimension.

In conclusion, the “thin film” platinum layer exhibited electro-

chemical properties similar to those usually demonstrated on solid

platinum as well as well-defined electroactive area.

3.2.  Electrochemical characteristics of the gold thin film

Similar experiments were performed for the (Au–Pt–Ag/AgCl)

electrochemical microcells and the associated “thin film” gold

microelectrode. Fig. 5 shows successive cyclic voltammograms

recorded in a deaerated 0.5 M H2SO4 solution for a  1.6 mm-thick

SU-8 passivation layer. The curves demonstrated that the gold

Fig. 5. Cyclic voltammograms  obtained with the “thin  film”  gold  working  electrode

(SU-8 thickness: 1.6  mm) in  a  deaerated  0.5  M  H2SO4 solution  (potential  scan rate:

50 mV  s−1).  Arrows  indicate  the curve evolutions  with time.



Fig.  6.  Cyclic  voltammograms  obtained with the “thin film” gold working  electrode

(SU-8 thickness:  3  mm) in  a  deaerated  0.5  M H2SO4 solution  (potential  scan  rate:

50 mV  s−1).

oxidation wave began at 1 V and that peak corresponding to gold

oxides reduction appeared close to 0.85 V [41,42]. Nevertheless,

some other amperometric signals are also observed at −0.2 and

1.3 V in the anodic part of the curve as well as at 0.3 and −0.2 V

during the cathodic scan. All these signals increased with the num-

ber of potential cycles (see evolution arrows on Fig. 5). Since these

unexpected curves were not evidenced for the “thin-film” plat-

inum microelectrode (see Section 3.1), they can be  attributed to

the Au/SU-8 interface phenomena. On the one hand, non-adhesion

of the SU-8 film on gold as well as poor step coverage due to the

Ti/Pt/Au stacking higher thickness (∼1000 nm rather than ∼200 nm

for the Ti/Pt one) is responsible to passivation defects, allow-

ing the titanium/platinum underlayer to be in contact with the

electrolytic solution [43]. On the other hand, the sulphur-based tri-

arisulfonium salts of the SU-8 resin are electrochemically active

on the gold surface [44]. This was confirmed by cyclic voltam-

metry performed on SU-8/cyclopentanone solutions (figure not

shown).

In order to reduce both redox phenomena, two developments

were proposed. Firstly, the SU-8 polymerization process was opti-

mized in terms of exposure dose and annealing duration to

counteract any electrochemical interference. Secondly, the SU-8

thickness was increased from 1.6  to 3 mm  to improve step cover-

age and avoid any contact between the metallic underlayers and

the electrolytic solution. Fig. 6 shows the resulting cyclic voltam-

mogram in the same deaerated 0.5 M H2SO4 solution. The curve was

very similar to that typically recorded with solid gold while the cur-

rent peaks corresponding to the oxidation of gold and the reduction

of gold oxides were only observed in this case. Compared to Fig. 5,

lower current levels were evidenced, demonstrating that a  better

control of the gold microelectrode electrochemical active area was

obtained. This was confirmed by characterizing by cyclic voltam-

metry these optimised “thin film” gold working microelectrodes in

a deaerated 0.005 M Fe(CN)6
3− solution (result not shown). Sim-

ilarly to the “thin film” platinum microelectrode (Section 3.1), a

steady-state diffusion-limited current of 32 nA was recorded. As

expected, according to Eq. (1), the working electrode electroactive

surface and radius were estimated to  4.3 × 10−4 mm2 and 23.5 mm

respectively.

So, by improving the SU-8 polymerisation process and by

increasing the SU-8 passivation thickness from 1.6 to 3 mm,

“thin film” gold working microelectrodes with good electrochem-

ical properties and well-defined active area, were successfully

obtained. Finally, it should be mentioned that the increase in SU-8

thickness from 1.6 to  3  micrometers did not induce any degradation

Fig. 7.  Cyclic voltammogram of the  “thin film” silver electrode  (SU-8  thickness:

3  mm) in  a deaerated  0.1  M KNO3 solution  (potential  scan  rate: 50 mV  s−1).

of the “thin film” platinum working microelectrodes (cf. Section

3.1).

3.3. Study of the Ag/AgCl reference microelectrode

Cyclic voltammograms typically obtained with the “thin-film”

silver microelectrodes (SU-8 passivation thickness: 3 mm) were

recorded in a deaerated 0.1 M KNO3 acid (pH 3.5) solution (Fig. 7).

Typical curves were obtained: the silver oxidation starts around

0.3 V, the associated reduction was clearly shown around 0.4 V and

the final proton reduction is evidenced under −0.5 V.

Finally, the temporal stability of the “thin film” Ag/AgCl refer-

ence microelectrode was studied by measuring its potential using

the SCE reference electrode in a 0.01 KCl solution for a  10 min

duration. The Ag/AgCl microelectrode potential at equilibrium was

found to  be quite stable around 0.1225 V (result not shown). This

value is higher than the theoretical one given by the Nernst law, i.e.

0.098 V. Such discrepancy was related to AgCl layer defects and to

chemical activities of chloride ions Cl− and/or Ag-related species

[45,46]. Nevertheless, after an initial decrease around 0.5 mV dur-

ing 1 min, the potential drift of the Ag/AgCl integrated electrode

was very low (around 1 mV s−1), in agreement with literature [46].

3.4. Detection of antioxidant species

(Au–Pt–Ag/AgCl) electrochemical microcells (SU-8 passivation

layer thickness: 3 mm)  were applied for the detection of antioxi-

dant molecules, and more precisely ascorbic and uric acids (AA and

UA), in pH 7.0 phosphate buffer solution (PBS). All the cyclic voltam-

mograms were obtained in an autonomous way, i.e. using the “three

integrated microelectrodes” configuration. In all cases, no signifi-

cant signal was observed in PBS pH 7.0 except for the gold oxidation

starting around 0.8 V. This PBS-related residual voltammogram

was systematically deduced from that obtained with antioxidant

molecules in order to improve results analysis.

The ElecCell microsensor was first used for the detection of

ascorbic acid (AA – 0.001 M) and uric acid (UA – 0.001 M) sepa-

rately (Figs. 8 and 9). In both cases, cyclic voltammograms evidence

an oxidation wave starting around 0 V for the AA solution and

around 0.3 V for the UA one [47,48]. Compared to the solid gold

microelectrode and whatever the antioxidant species, the Elec-

Cell microsensor responses showed similar half-wave potential E1/2

and higher diffusion current density ilim,  i.e. thus providing higher

sensitivity (Table 1). Such enhancement should be  related to the

electrocatalytic properties of solid gold electrode and thin metallic

layer deposited by PVD, respectively and could result from change



          

Fig.  8. Cyclic voltammogram  of the  (Au–Pt–Ag/AgCl)  electrochemical  microcell

(solid  line) and  of the  standard  “non  integrated”  gold  electrode  (dotted  line) in a

PBS pH 7.0  solution  containing AA 0.001  M  (potential scan  rate:  50 mV  s−1).

Fig.  9. Cyclic voltammogram  of the  (Au–Pt–Ag/AgCl)  electrochemical  microcell

(solid  line) and  of the  standard  “non  integrated”  gold  electrode  (dotted  line) in a

PBS pH 7.0  solution  containing UA 0.001  M (potential  scan  rate:  50 mV  s−1).

in crystallographic orientation or surface roughness. Anyway, the

use of (Au–Pt–Ag/AgCl) ElecCell microsensors for the detection of

ascorbic and/or uric acids in liquid phase was successfully demon-

strated.

Finally, the ElecCell microsensor was studied in phosphate

buffer solution containing both ascorbic and uric acids (AA + UA

– 0.001 M (Fig. 10). As expected and similarly to that obtained

with the standard “non integrated” gold electrode, cyclic voltam-

mograms evidenced two oxidation waves related to the two

antioxidant species. As before, slightly higher diffusion current

Ilim,  and therefore higher detection sensitivity, were obtained with

the ElecCell microsensor, resulting in higher sensitivity (Table 1).

Nevertheless, these waves are not clearly defined and are there-

fore difficult to separate. Half-wave potential E1/2 were roughly

defined, leading to low detection selectivity between ascorbic and

uric acids [49,50]. This problem could be solved by developing

Fig. 10. Cyclic voltammogram  of  the (Au–Pt–Ag/AgCl)  electrochemical  microcell

(solid  line)  and  of the standard “non  integrated”  gold electrode (dotted line)  in  a

PBS pH 7.0  solution  containing AA  and UA 0.001 M (potential  scan  rate: 50 mV  s−1).

specified functionalization based on electroactive polymers such

as poly(3,4-ethylenedioxythiophene) (PEDOT) [16]. Works are in

progress in this way.

3.5.  Skin analysis for the antioxidant capacity measurement

The (Au–Pt–Ag/AgCl) electrochemical microcells were finally

tested for skin analysis in order to determine the global antioxi-

dant capacity detection feasibility. The experimental protocol was

quite simple since the ElecCell microdevices were applied directly

on the forearm without any pre-treatment (Fig. 3).  The main prin-

ciple was to use the “stratum corneum” natural hydrolipidic film to

guarantee the electrical contact between the working, counter and

reference microelectrodes [51].

Logically, the ElecCell microsensors with a 3 mm-thick SU-8

passivation layer were first studied. In this case, no amperomet-

ric signal was evidenced on the skin while performing cyclic

voltammetry experiment. However, as soon as few pH 7.0 phos-

phate buffer solution (PBS) droplets were deposited on the skin

surface, the typical gold voltammogram was found again. Such

result demonstrates that the hydrolipidic film was not sufficient

to provide the electrical contact between the different microelec-

trodes since its thickness is known to be  around one micron [51,52].

In order to  tackle off this bottleneck and to  improve the electrical

contact on the skin surface, the microelectrodes recess and there-

fore the SU-8 layer thickness must be decreased. So, even if their

electrochemical performances were lower, the ElecCell microsen-

sors with a 1.6 mm-thick SU-8 passivation layer were also used

for the skin analysis using cyclic voltammetry (Fig. 11). In this

case, thanks to the passivation thickness decrease, a good electri-

cal contact was obtained with the hydrolipidic film. Furthermore,

no electrochemical interference was evidenced (cf. Section 3.2).

This improved electrical behaviour was related to the hydroli-

pidic film physical properties. Compared to water-based solutions,

this emulsion-like, two-dimensional medium is characterized by

a higher viscosity, lower diffusivities and a higher electrical resis-

tivity [51,52]. Thus, obtained voltammograms were typical of the

Table 1

Characteristics  of  the  (Au–Pt–Ag/AgCl)  electrochemical  microsensor  responses for  the detection of  ascorbic  and/or uric  acids.

Ascorbic acid (AA) Uric  acid (UA)  Ascorbic  and uric acids  (AA + UA)

ElecCell  microsensor E1/2 (V/SCE) 0.47  ± 0.08 0.51  ±  0.03  0.31  ± 0.03/0.53  ± 0.01

ilim (mA cm−2) 0.9  ± 0.1  1.1  ±  0.3  0.69  ± 0.04/0.91  ± 0.07

Standard  gold  electrode E1/2 (V/SCE) 0.35  ± 0.02 0.48  ±  0.02  0.31  ± 0.03/0.52  ± 0.02

ilim (mA cm−2) 0.73  ± 0.08 0.67  ±  0.05  0.6  ± 0.05/0.81  ± 0.07



          

Fig.  11. Cyclic voltammogram  of the (Au–Pt–Ag/AgCl)  electrochemical  microcell  on

the skin  surface (potential scan  rate:  50 mV  s−1).

electrochemical skin properties [14,53]. The ascorbic acid oxidation

was responsible for the first current wave around 0.6 V/SCE. Then,

the second wave around 0.8 V/SCE was related to uric acid, nicotin-

amide adenine dinucleotide phosphate (NADPH) and cystein. The

last wave around 1.2 V/SCE was associated to the glutathione oxi-

dation. Finally, the reduction peak observed around 0.4 V/SCE was

due to the gold oxides.

All  in all, by decreasing the SU-8 layer thickness and therefore

the microelectrodes recess to 1.6 mm, the skin hydrolipidic film was

sufficient to obtain a  good electrical contact between the different

microelectrodes and to detect electrochemically different antioxi-

dant species present on the skin surface.

4. Conclusion

(Pt–Pt–Ag/AgCl) and (Au–Pt–Ag/AgCl) electrochemical micro-

cells (ElecCell) were fabricated using silicon-based technologies

derived from microelectronics in order to detect redox species, and

more specifically antioxidant molecules such as ascorbic and/or

uric acids in liquid phase. What is more, electrochemical analysis for

the skin global antioxidant capacity measurement was performed.

Specific emphasis was placed on the SU-8 wafer-level passivation

process. In order to optimize the electrochemical properties of

the different “thin film” metallic layers, i.e. gold for the working

electrode, platinum for the counter electrode and silver/silver chlo-

ride for the reference electrode, it was necessary to increase the

SU-8 layer thickness up to 3 mm. Thus, the ElecCell microsensors

were studied for the detection of ascorbic and uric acids in phos-

phate buffer solution. Compared to standard “non integrated” gold

electrodes, similar responses were shown by cyclic voltammetry,

evidencing higher detection sensitivity but low detection selectiv-

ity.

Works were extended to  skin analysis. In this case, the 3  mm-

thick SU-8 layer was responsible for a  very high microelectrode

recess to provide a  good electrical contact with the skin hydroli-

pidic film. However, using a non-optimized 1.6 mm-thick SU-8

layer, oxidation waves related to different antioxidant species were

successfully obtained on the skin, demonstrating that the stratum

corneum global antioxidant capacity can be effectively measured.

In  order to use (Au–Pt–Ag/AgCl) ElecCell microsensors for the

skin analysis, a compromise has to be found on the SU-8 pas-

sivation process. On the one hand and as demonstrated for the

liquid phase analysis, a  high SU-8 thickness, i.e. 3  mm and more,

is responsible for a  correct step coverage of the different metallic

layers and, consequently, for good electrochemical properties and

well-controlled active area of the related microelectrodes. On the

other hand, a low SU-8 thickness, i.e. 1.6 mm or less, is still required

for obtaining a low microelectrode recess and, finally, to provide

the necessary electrical contact with the skin hydrolipidic film. This

has to  be further studied in the frame of wafer-level passivation

processes (based on SU-8 polymers and/or others biocompatible

materials).
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