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Abstract—In this paper, mesoporous Pt on micro 

pillars Pt electrode is newly designed, fabricated, and 

characterized on silicon substrate for non-enzymatic 

electrochemical sensor micro-chip integrated with 

CMOS readout circuitry. The fabricated micro/nano 

Pt electrode has cylindrical hexangular arrayed nano 

Pt pores with a diameter of 3.2 nm which is formed 

on top of the micro pillars Pt electrode with 

approximately 6µm in diameter, 6µm in space, and 

50 µm in height. The measured current responses of 

the fabricated plane Pt, mesoporous Pt, and 

mesoporous Pt on the micro pillar Pt electrodes are 

approximately 9.9 nA/mm
2
, 6.72 µA/mm

2
, and 7.67 

µA/mm
2
 in 10mM glucose solution with 0.1M 

phosphate buffered saline (PBS) solution, respectively. 

In addition, the measured current responses of the 

fabricated plane Pt, mesoporous Pt, and mesoporous 

Pt on the micro pillar Pt electrodes are approximately 

0.15 µA/mm
2
, 0.56 µA/mm

2
, and 0.74 µA/mm

2
 in 

0.1mM ascorbic acid (AA) solution with 0.1M 

phosphate buffered saline (PBS) solution, respectively. 

This experimental results show that the proposed 

micro/nano Pt electrode is highly sensitive and promising 

for CMOS integrated non-enzymatic electrochemical 

sensor applications. Since the micro-pillar Pt electrode 

can also be utilized with a micro-fluidic mixer in the 

sensor chip, the sensor chip can be much smaller, 

cheaper, and easier to be fabricated. 

 

Index Terms—Mesoporous Pt, Micropillar Pt, 

Electrochemical sensor, CMOS integrated, Non-

enzymatic, Biosensors, Glucose sensors 

I. INTRODUCTION 

Micro-bio chips have actively been researched for 

genetics, proteomics, cellomics, and clinical/forensic 

analyses, since they can provide high-throughput and 

possibly on-site solutions, from sample preparation (e.g. 

sample collection, concentration, extraction and purification) 

and biochemical reactions (e.g. immunological reactions, 

enzymatic reactions and DNA assays) to signal detection 

(optical or electrochemical) on a single chip [1].   

Most of electrochemical bio chips use enzymes and 

mediators in their sensing electrodes to increase responding 

signals in a short period of time. However, these 

enzymes are not repeatable in fabrication and stable at 

thermal and chemical environment during storage and 

use. In addition, they are highly costive and disposable. 

To overcome these drawbacks, non-enzymatic sensing 

electrodes with high sensitivity and their miniaturization 

are necessary. The mesoporous (nanopores with sizes of 

2 nm ~ 50 nm) platinum formed on a bulky Pt rod was 

reported for non-enzymatic glucose sensor applications 

[2]. Glucose was very sensitively reacted in the 

mesoporous Pt working electrode, due to the extremely 

expanded surface activation area of the working electrode. 

In addition, ascorbic acid (AA) and acetaminophen (AP) 

in human blood are much less sensitively reacted than 

the glucose. Since the diameter of the nanopores is 

smaller than the scale of the chronoamperometric diffusion 

field and the diffusion layer reaches several micrometers 

away from the sensing electrode surface, the reactants 
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are depleted very quickly in the mesoporous electrode 

[3]. The geometrical structure and fabrication method of 

the mesoporous Pt electrode were first reported in 1997 

[4]. The mesoporous Pt electrode was comprised of 

cylindrical hexangular arrayed pores with a diameter of 

2.5 nm and 5 nm of a spacing distance between the nano 

pores. 

In this paper, new geometry and fabrication method 

are proposed to fabricate the non-enzymetic sensing 

electrode with high sensitivity which can also be used as 

micropillars to mix fluids well at the micro-bio chips. 

The sensitivity can be extremely increased by enlarging 

the reactivation surface area of the sensing electrode by 

combining the mesoporous Pt and the micropillars Pt 

electrodes. The fabricated micro-nano electrodes are 

evaluated in glucose solutions to check its usability for 

non-enzymatic glucose chip integrated with CMOS 

readout circuitry. 

II. FABRICATION  

The mesoporous Pt electrode was previously fabricated 

on silicon substrate for non-enzymatic CMOS integrated 

electrochemical sensor applications [5]. First, 42%(w/w) 

C16EO8 (octaethylene glycol monohexadecyl ether, 

98% purity, Fluka), 29% (w/w) distilled water (18 MΩ 

cm) and 29% (w/w) HCPA (hexachloroplatinic acid 

hydrate, 99.9% purity, Aldrich) are well mixed in a 

beaker and heated up to 85℃, at which the mixture 

becomes transparent and homogeneous. A silicon piece 

sputtered with platinum film is inserted into the mixture 

and the temperature was lowered down to 25℃. At this 

step, the liquid crystalline hexagonal structure is formed 

on top of the sputtered Pt film deposited on the silicon 

substrate. And then, Pt ions are electroplated into the 

hexagonally packed cylindrical nano-molds by applying 

constant potential (-0.12V vs. Ag/AgCl). After soaking 

the sample in distilled water for several hours to remove 

the C16EO8, the mesoporous Pt electrode is finally formed 

by cycling the sample in 2M sulfuric acid solution at 

between +1.2 and -0.4 V vs. Ag/AgCl.  

The micro pillar Pt electrodes with approximately 6 

μm in diameter and 50 μm in height are fabricated by 

using deep RIE silicon etcher and DC sputtering system. 

The micro pillars have the same spacings as their diameters. 

   

 (a) (b) 

Fig. 1. Schematic drawing (a) and microphotograph (b) of the 

micro pillar Pt electrode  formed on silicon substrate. 

 

 

Fig. 2. Fabrication steps of the mesoporous Pt on the micro 

pillar Pt electrode; (a) SiO2 deposition, (b) Patterning and SiO2 

etching, (c) Si deep RIE etching, (d) Ti/Pt deposition, (e) Forming 

of surfactant templates, (f) Electrodeposition of mesoporous Pt , 

(g) Remval of surfactant templates. 

 

Fig. 1 (a) and (b) show a schematic drawing and a 

photomicrograph of the micro-pillar Pt electrode. The 

fabrication steps of the mesoporous Pt on the micro-

pillar Pt electrode are represented in Fig. 2. The SiO2 

layer was firstly deposited and patterned on a high 

resistivity silicon substrate. The micro pillar structure 

was fabricated by using deep RIE silicon etcher and 

SiO2 mask layer was removed by wet etching technique. 

Platinum was deposited on the formed micro pillars by 

using DC sputtering system. Hexagonal liquid crystal 

templates of the C16EO8 are formed and Pt ions are 

electrodeposited on the formed micro pillar Pt electrode. 

Finally, the nano-templates are clearly removed in the 

deionized water. 
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III. EXPERIMENTAL RESULTS AND 

DISCUSSIONS 

All electrochemical measurements were performed in 

three electrodes system by using an electrochemical 

analyzer (CH Instruments Inc., USA) and an Ag/AgCl 

electrode and a plane Pt electrode were used as a 

reference electrode and a counter electrode, respectively.  

For evaluation of the fabricated mesoporous Pt on the 

micro pillar Pt electrode, the electrical current responses 

were measured and compared. Fig. 3 shows cyclic 

voltammetry in 2M sulfuric acid solution of the fabricated 

micro and nano Pt electrodes. This experiment was 

performed to clean the surface and to activate the electrodes 

by using hydrogen adsorption/desorption methods [6]. 

The current response of the mesoporous Pt on the micro 

pillar Pt electrode is larger than the other Pt electrodes. 

The cyclic voltammetric responses were measured in 

10mM potassium ferricyanide solution [7].  

Fig. 4 shows cyclic voltammetric responses of the 

fabricated Pt electrodes in 10 mM K3Fe(CN)6 with 3M 

KCl solution at scan rate 100 mV/sec. This result also 

shows the same tendency as the sulfuric acid solution. 

Fig. 5 shows chronoamperometric responses of the fabricated 

Pt electrodes in 2mM hydrogen peroxide with 0.1M 

phosphate buffered saline (PBS) solution. Hydrogen 

peroxide is an oxidized substance of glucose and its 

concentration is closely associated with that of the 

glucose concentration. As shown in Fig. 5, the current 

response of the mesoporous Pt on the micro pillar electrode 

 

 

Fig. 3. Cyclic voltammetric responses of the fabricated plane 

Pt, mesoporous Pt, and mesoporous Pt on micro pillar Pt 

electrodes in 10mM K3Fe(CN)6 with 3M KCl solution at scan 

rate 100 mV/sec. 

is much larger than the other Pt electrodes. This data 

indicates that the mesoporous Pt on the micro pillar Pt 

electrode is very sensitive to the hydrogen peroxide and 

other chemicals, and strongly applicable for the electrochemical 

analysis micro-systems and LOC applications.  

Fig. 6 shows the measured current responses of the 

fabricated Pt electrodes at various glucose concentrations. 

This data was obtained by measuring the chronoamperometric 

responses to various concentration of glucose at 60 sec. 

The current responses of the fabricated plane Pt electrode, 

mesoporous Pt electrode, and mesoporous Pt on micro 

pillar electrode are approximately 0.14 μA/mm2, 6.72 

μA/mm2, and 7.67 μA/mm2 in 10mM glucose solution 

without stirring, respectively. This data indicates that the 

mesoporous Pt on the micro pillar electrode is much 

more sensitive than the other Pt electrode to glucose solution. 

 

 
Fig. 4. Cyclic voltammetry of the fabricated plane Pt, mesoporous 

Pt, and mesoporous Pt on micro pillar Pt electrodes in 2M 

sulfuric acid solution. 

 

 
Fig. 5. Linear sweep voltammetry of the fabricated plane Pt, 

mesoporous Pt, and mesoporous Pt on micro pillar Pt electrodes 

in 2mM hydrogen peroxide solution with 0.1M PBS solution. 
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Fig. 6. Current response of the fabricated plane Pt, mesoporous 

Pt, and mesoporous Pt on micro pillar Pt electrodes at various 

glucose concentrations with 0.1M PBS solution. 

 

 

Fig. 7. Current responses of the fabricated plane Pt, mesoporous 

Pt, and mesoporous Pt on micro pillar Pt electrodes in (a) 

10mM glucose solution with 0.1 M PBS solution, (b) 0.1mM 

AA solution with  0.1 M PBS solution, (c) 0.2mM AP solution 

with 0.1 M PBS solution. [unit : µA] 

 

Fig. 7 shows a comparison of the current response of 

the fabricated Pt electrodes in 0.1 M PBS solutions 

mixed with 10 mM glucose solution, 0.1 mM ascorbic 

acid (AA) solution, and 0.2 mM acetaminophen (AP) 

solution. As shown in Fig. 7, the current responses are 

much larger than that of the plane Pt electrode at the 

glucose solution, while the current responses of the 

mesoporous Pt electrode and the mesoporous Pt on the 

micro pillar electrode are smaller than that of the plane 

Pt electrode at the AA and AP solutions. It shows that 

the fabricated mesoporous Pt electrode and mesoporous 

Pt on the micro pillar electrode are hardly influenced by 

AA and AP unlike the plane Pt electrode. These data 

shows that the proposed micro/nano Pt electrode is 

promising to the development of non-enzymetic and 

continuous monitoring biosensor chips integrated with 

CMOS read out circuits for ubiquitous health care and 

diagnosis systems. 

IV. CONCLUSIONS 

Mesoporous Pt combined with micro-pillar arrayed Pt 

electrode has been fabricated and characterized on 

silicon substrate in order to develop the highly sensitive 

and non-enzymetic sensing electrochemical sensor chips 

integrated with CMOS read out circuits. In cyclic 

voltammetric responses, the mesoporous Pt on the micro 

pillar Pt electrode showed much better performance 

characteristics than the purely mesoporous Pt electrode 

due to the largely expanded surface area. The measured 

current responses were also large enough to analyze the 

chemical substances without any enzymes. And also, the 

experimental results in AA and AP solution showed that 

the strong potential of the fabricated mesoporous Pt on 

the micro pillar Pt electrode for non-enzymatic glucose 

sensor chip integrated with CMOS circuitry. Bio chips 

can also be miniaturized, simplified, and easily fabricated 

by utilizing the micro pillar electrode as the mixer of the 

bio chips.  
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