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Fabrication and Optimization of Mesoporous Piatinum Electrodes for CMOS Integrated Enzymeless
Glucose Sensor Applications
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Micro/Nano Devices & Packaging Lab. Department of Electronic Engineering, Kwangwoon University, Seoul

Abstract - In this paper, mesoporous only platinum electrode and micro
pore platinum  electrode with mesoporous Pt are fabricated and
characterized on a silicon substrate to check their usability as
enzymeless sensing electrodes for developing non-disposable glucose
sensors integrated with silicon CMOS read out circuitry. Since most of
electrochemical glucose sensors are disposable due to the use of the
enzymes that are living creatures, these are limited to use in the in-vive
and continuous monitoring system applications. The proposed mesoporous
Pt electrode with approximately 2.5nm in pore diameter and 150nm in
height was fabricated by using a nonionic surfactant CiECs and an
electroplating technique. The micro pore Pt electrode with mesoporous Pt
means the mesoporous Pt electrode fabricated on top of micro pore
arrayed Pi electrode with approximately 10um in pore diameter and 80um
in height. The measured current responses at 10mM glucose solution of
plane Pt, micro pore Pt, micro pore with MESOpOrus Pt, and mesoporous
Pt electrodes are approximately 99nA/mm’, 924nA/mm’, 3320nA/mm’
and 44620nA/mn’, respectively. These data 1nd1cate that the mesoporous
Pt electrode is much more sensitive than the other Pt electrodes. Thus,
it is promising for non-disposable glucose sensor and electrochemical
sensor applications.

1. Introduction

Most of electrochemical biosensors are disposable due to the use of
the enzymes that are living creatures. Thus, these are limited to use in
the in-vivo and continuous monitoring biosensor system applications.
The mesoporous (pores with a size of Znm ~ 50nm) platinum electrodes
formed on a Pt rod was reported for developments glucose sensors
without any enzymes [1]. The structure and fabrication method of the
mesoporous Pt electrode were first reported in 1997 [2). The reported
mesoporous Pt structure was fabricated on a Pt disk electrode {(rod type)
by using electroplating technique and a hexagonal liguid crystalline phase
composed of the nonionic surfactant CisEQs. The electrodeposited Pt
electrode was comprised of cylindrical hexagonally arrayed pores with a
diameter of 25 nm and 5 nm of spacing distance between the pores.

2. Experimental Procedures

The proposed micro pore Pt electrode with approximately 10 m in pore
diameter and 80 m in height was fabricated by using deep RIE silicon
eticher and DC sputtering system and mesoporous Pt electrode with
approximately 25nm in pore diameter and 150nm in height was
fabricated by using a nonfonic surfactant CisEGz and an electroplating
technique. And the proposed micrc pore with mesoporus Pt electrode
was fabricated by combing the above fabrication processes. The
respective fabrication steps are represented in figure 1. For evaluation of
the fabricated micro/nano pore Pt electrodes, the current responses are
measured and compared by comparison with plane Pt electrode.

The fabrication steps of the micro pore Pt electrode are represented in
figure 1 (A). The SiO; layer is firstly deposited on the silicon substrate,
and SiO: is patterned for forming the micro pore structure by using
conventional photo lithography. The Si0:; and silicon are dry-etched by
using RIE and deep RIE. The top SiQ: is removed and Ti/Pt layers are
finally deposited. The fabrication steps of the mesoporous Pt electrode
are represented in figure 1 (B). Ti and Pt layers are firstly deposited on
top of Si0y of the silicon substrate. Liquid crystal templates of the
CiEOs are formed on the substrate at 8T and Pt ions are
electrodeposited on the silicon at 25C. Finally, the templates are clearly
removed in the deionized water. In figure 1 (C), micro pore with
mesoporous Pt electrode was fabricated by combining above two method.
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(Figure 1> Fabrication steps of micro pore Pt (A),
mesoporous Pt (B), and micro pore with mesoporous Pt
electrodes (C).

3. Experimental Results and Discussions

All electrochemical measurements were performed in a three electrodes
system by using an electrochemical analyzer (CH Instruments Inc, USA)
and an Ap/AgCl electrode was used as a reference electrode. For
evaluation of the fabricated micro and mesoporous Pt electrodes, the
current responses are measured and compared by comparison with plane
Pt electrode.

Figure 2 shows comparison of the cyclic voltammetry in ZM sulfuric
acid solution of the fabricated micro/nano pore Pt electrodes. The current
response of the mesoporous Pt electrode is much larger than the other
Pt electrodes. Figure 3 shows comparison of current responses to the
chronoamperometry in 1mM hydrogen peroxide solution of micro/nano
pore Pt electrodes. These data indicates that the mesoporous Pt electrode
is much more sensitive than the other Pt electrodes.
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<Figure 2> Comparison of the cyclic voltammetry in 2M

sulfuric acid solution of the fabricated micro/nano pore Pt
electrodes.
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(Figure 3> Comparison of current responses to the
chronoamperometry in 1TmM hydrogen peroxide solution of the
fabricated micro/nano pore Pt electrodes.

The fabricated Pt electrodes were also evaluated to check their
applicability for fabricating the glucose sensor by varying the glucose
concentrations in the 0.IM phosphate buffered saline solution. Figure 4
shows the measured current response of the fabricated Pt electrodes at
various glucose concentrations. The measured current responses at
10mM glucose solution of plane Pt, micro pore Pt, micro pore with
mesoporus P, and mesoporous Pt electrodes are approximately
99nA/mm’, 924nA/mm’, 3320nA/mm’ and 44620nA/mmd’ respectively.
The current density of the mesoporous Pt electrode relatively linearly
increases as the increasing concentration of the glucose. These data
indicate that the mesoporous Pt electrode is very sensitive to the glucose
and strongly applicable for the non-disposable biosensor and
electrochemical sensor applications.

/:

Y
o
y

Current Density [uA/mm®}
&

e Plarye
-~eo— Micro pore
-4~ Hicro pore with mesopore

- MBBOPOIOUS

2

I 1 't I It 1 I I

Ed
0O 5 16 15 20 25 30 33 40
Concentration of Glucose [mM]

{Figure 4> Comparison of the current response to various
glucose concentrations of the fabricated electrodes.

4. Conclusion

The micro/nano pore platinum electrodes have been fabricated and
characterized on a silicon substrate. In comparison of various micro/nano
pore platinum electrodes, the mesoporous Pt electrode has the best
performance characteristics. The measured current response of the
mesoporous{nano pore) Pt electrode was large enough to analyze the
chemical substances without any enzymes. Thus, the mesoporous Pt
electrode is promising to the development of non-disposable glucose
sensors integrated with CMOS circuitry. These results also suggest that
the mesoporous Pt electrode have strong potential in use of chemical,
environmental, and biological analysis systems.
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