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capacitor microdevices

Etienne EustacHeRenaud Frappi&rRail Lucio Portd,
Said Bouhtiyy3 Jean-Francois Pierson

and_Thierry Brousse

Institut des Matériaux Jean Rouxel (IMN), Univegsie
Nantes, CNRS, 2 rue de la Houssiniére, BP3222@ 2 antes
Cedex 3, France
2 Institut Jean Lamour (UMR 7198 CNRS-Université
de Lorraine), Département CP2S, Ecole des Mines; Ba
Saurupt, CS 14234, 54042 Nancy cedex (France)

Micro-supercapacitors are attractive solutions for
powering various devices such as sensors,
Microelectromechanical systems or Radio Frequency
Identification tags. These systems require high grow
density together with long cycle life [1]. Thus, a
volumetric energy density ~ 100 times higher tHzat bf
conventional dielectric capacitors is required. Mdic
supercapacitors can fulfil this requirement. Thegveh
been designed with various carbon based mateda® [
but also with pseudocapacitive materials such a®,Ru
NiO or MnG, [3]. However, in this last case, aqueous
based electrolytes are used. The main drawbatlaighe
useful cell voltage is drastically limited, typibako less
than 1V when assembling symmetrical devices. Theesa
problem is raised for transition metal nitridestthave
been recently proposed as high capacitance electrod
materials for ECs [4,5], but with the same limitatias

oxides since they are also operated in aqueous
electrolytes.
To circumvent this limitation, asymmetric

designs have been proposed, using two electrodes of
different  types  operating in complementary
electrochemical windows, thus enabling to enharme t
cell voltage up to 2.2V in aqueous electrolytes. [6]
Despite quite an abundant literature on the figdthis
concept has been poorly applied to thin film devi&].

In this communication is reported a first
application of nitride based thin film electrodesr f
microdevice fabrication. Vanadium nitride thin fénwvas
used as negative electrode. It exhibits pseudoeitapma
behavior in KOH electrolyte. NiO is a faradic oxide
electrode used as positive. This asymmetric delgigds
to a microdevice (550 nm thick) which can be opetatp
to 1.8 V in aqueous based electrolyte (1M KOH).

Long term cycling ability (10,000
charge/discharge cycles) has been demonstrated with
interesting energy (1.4 pWh.&nand power densities
(47 mW.cn¥). This new design open the way to
potentially interesting nitride based asymmetriwices,
since transition metal nitrides have demonstrataiieq
high capacitance values.
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Figure 1: VN//IM KOH//NiO microdevice based on
interdigitated electrodes.
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Figure 2: Galvanostatic charge/discharge (constant
current 4 mA.cm-2) of asymmetric VN(-)//1M
KOH//NiO(+) microdevice. Insert: detail of the ohmni

drop upon shifting from charge to discharge.

References

1. J. Chmiola, C. Largeot, P.L. Taberna, P. Simuoh 4.
Gogotsi, Science 328 (2010) 480.

2. D. Pech, M. Brunet, H. Durou, P. Huang, V. Mdgha
Y. Gogotsi, P-L Taberna and P. Simon, Nature
Nanotechnology 5 (2010) 651.

3. F. Moser, L. Athouél, O. Crosnier, F. Favier, D.
Bélanger, T. Brousse, Electrochemistry Communicatio
11 (2009) 1259.

4. D. Choi, G.E. Blomgren, P.N. Kumta, Advanced
Materials 18 (2006) 1178.

5. R. Lucio Porto, R. Frappier, J.B. Ducros, C. her H.
Mosqueda, S. Chenu, B. Chavillon, F. Tessier, eV,

T. Brousse, Electrochimica Acta 82 (2012) 257— 262.

6. T. Brousse, M. Toupin, D. Bélanger, Journal lué t
Electrochemical Society 151 (2004) A614.

7. J.W. Long, D. Bélanger, T. Brousse, W. Sugimoto,
M.B. Sassin, O. Crosnier, MRS Bulletin 36 (2011351

8. C.C. Liu, D.S. Tsai, W.H. Chung, K.W. Li, K.Yek,

Y.S. Huang, Journal of Power Sources 196 (20111576



