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Thin-film Limiting-current Type Oxygen Sensor
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Abstract

When voltage is applied to zirconia solid electrolyte
electric current flows in it and gaseous oxygen is pumped out
from one side to the other by oxygen ion conduction. If the
oxygen amount supplid to the electrolyte is restricted by a
small hole or porous material, the electric current is saturated
at a constant level. The saturated current is called limiting
current and proportional to the ambient oxygen
concentration. Therefore, the oxygen concentration can be
detected from the current by applying a fixed voltage to the
electrolyte.

An oxygen sensor on the basis of the above principle was
fabricated by utilizing thin-film micro-machining technology.
In the fabrication process, thin-films of platinum cathode,

zirconia electrolyte and platinum anode were successively

laminated on a porous alumina substrate.

Features of the oxygen sensor include small size (1.8mm
square), wide measuring range for oxygen content (0 to 90%
0,), high-speed response (200ms for 90% response). Other
features of the sensor are long maintenance free use, small heater
power consumption by heater (approximate 1W), suitable
fabrication proceses for mass production, excellent heat
resistance, and high reliability under severe conditions.

The sensor can be utilized as a monitoring device to
control fuel combustion efficiencies, acceleration or
retardation of chemical reactions, oxidation states of sealed
products, medical treatments, and many other applications

where ambient oxygen content plays an important role.
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Fig.1 Principle of limiting-current type oxygen sensor.
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Fig.2  Current-voltage characteristic of limiting-current type
oxygen Sensor.
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Table 1  Film Preparing condition of thin-film zirconia

electrolyte.
Substrate Sintered alumina
Substrate temperature 300C
Sputtering atmosphere Ar
Pressure 5X107? Torr
Film deposition rate 05pm /h
Film thickness Approx. 42 m

[111]

{111] [220] [311]

[222]

30 40 50 60 70

()

Fig.3  X-ray diffracting spectrum of thin-film and sintered
zirconia.
(a) Thin film as sputtered
(b) Thin film after heat treatment at 10000 , for 1h.
(c) Sintered zirconia
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Fig.4  Resistivity-temperature characteristics of thin-film and

sintered solid-electrolytes.
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Fig.16 Change in zirconia and interface resistances for various ambient gases.
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Fig.17 External appearance of oxygen meter.
Meter : 80mnmx 50mmx 120mm
Sensor : 5mm (dia ¥ 100mm
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Table 2  Specifications of oxygen meter.

Measurement range for oxygen concentration

0 ~ 40% (non-linear error within 1%)

Response time

200 ms ( for 90% response )

Power consumption

3 Worless

Alarm function

Alarm is given when oxygen concentration is below
the setting level and when the battery runs down

Electric source

Continuous operation with battery for about 4hours.
(Use AC adapiter for a long term operation. )
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