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The anti-interference characteristics in
IrO,/Ta,05-based Potentiometric Microsensors

Sensitive to Carbon Dioxide

Student: Bin-Lin Chung Advisor: Dr.Shuchi Chao

Institute of Electrophysics

National Chiao-Tung:University

Abstract

Potentiometric microsensors sensitive to carbon dioxide made in the
experimentation is used by sputtering iridium oxide thin film as moving plate.
In order to resist against O, to bother signals of sensitive device, we sputter a
layer of tantalum oxide lamella upon the lamella of iridium oxide again and
take advantage of PVA*KHCO; to make a layer of solid-electrolyte pellicle.
Moreover, the intrinsic conductivity of hydrogen ion inside common solid
electrolyte is lower than one of hydrogen ion inside liquid electrolyte. This is
because hydrogen ion move to each other more difficult inside solid
electrolyte and their activity is also lower. And the mechanism of whole
sensor is just similar to concentration cell.

We apply the concept; electric potential of iridium oxide thin film
micro-electrode will change with the diversification of acidity or alkaline
inside solid electrolyte, to create the sensor. The electric potential of



transition metal oxide- iridium oxide for the change of pH value is about
58mV/pH. According to the relation formula, potential difference between
motion lamella electrode and standard electrode will be direct proportion to
logarithm of gaseous concentration, so we can see the concentration of CO,
in adulterant gas.

The sensor of CO,, worked in the level of 1 atm, 298K for concentration of
CO, between 1-50%, can show favorable linear and reversible reaction. And
in rapid hypo-flow injection experiment, when injecting 0.1ml CO, into
sensitive device, we can find it sometimes shows instant reaction and its
period is 0.4 seconds. To improve the disadvantageous factor from iridium
oxide sensitive device disturbed by CO,, the research concludes that if
sputtering a layer of tantalum oxide lamella to against gas layer, it is not only
no influence to detect, but also benefit to improve the problem O, bothering
signals.
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IrO; ¢ HO + H" + & € Ir(OH);

Pt Si Substrate Pt Si Substrate

4Ir(OH); + O~ 41r(OH)3 + O, € 2Ir,0(OH)g

Pt Si Substrate Pt Si Substrate

Figure 2.2 5 fR RIS il B!
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(b)

Figure 3.1 (a) microelectrode array pattern . (b) stainless mask .
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Figure 3.2 The sputtering equipment setup.
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Figure 3.4 Schematic side view of the summarized process flow
for the lift-off processes.
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Figure 3.5 Schematic side view and top view of the summarized
process flow for the fabrication of a sensor.
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Two terminal method
Potential steps
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Potential uphill and downhill by gradually increasing and decreasing the
percentage of CO, in N, gas at 1 atm ,298K and H,0 saturation. The total
flow rate is kept at 14 ml/min.
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Two terminal method
Potential steps
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Potential uphill and downhill by gradually increasing and decreasing the
percentage of CO, in N, gas at 1 atm , 298K and H,O saturation. The
total flow rate is kept at 14 ml/min.
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Two terminal method Characteristic
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Two terminal method Characteristic
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Two terminal method
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Potential variation with respect to reference electrode vs. time under
repeated injections of 0.1ml CO, under a constant flow of N, and
saturated with H,O. The Plot shows the device is rapidly response.
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Two terminal method
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Potential variation of IrO,-Ta,Os sensing electrode with respect to the
refernce electrode vs. time under a series of fast , small quantities CO,
injections under a constant flow of N, stream. The concentration of PVA-
KHCO; used on sensing electrode section and reference electrode section
were 2mM. The line in the insect figure has a slope of 2788.05 [mV * sec
/log (% CO,in Ny)].The N, flow rate is kept at 28ml/min,1 atm , 298K,
and H,O saturation.
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Two terminal method
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Two terminal method
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Figure 4.8
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Two terminal method
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Potential differece (mV)

Two terminal method
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CO,+ 0.05 ml H; injection with N, flow at 1atm, 298K ,and H,O
saturation. The N, flow rate is kept at 14 ml/min.

Figure 4.10
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Potential difference (mV)
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Figure 4.11
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[. IrO, (iridium oxide ) properties

1.5 :rutile structure

2.2 3 £ (Formula weight )2 224.216  (g/mol)

3.47 7 3 14+ ( Physical properties ) :

e 7 ¢ (Colour) : black or brown

o ¢ g ( Appearance ) : crystalline solid

e % 2L( Melting point) : 1070 ( °C) ( decomposes )
o % & (Density ) :11700 (kg /m?)

o % e (resistivity ) : 3~6x10° ( Qcm) (% :8)

4.% = & 72 5 1t #( Element analysis and oxidation numbers ) :

A | F oA §F bR T3 e i
Ir 85.73 4 [Xe].4f* 5d°
o) 14.27 -2 [He].2s°.2p°
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