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A Reduction Process of Palladium Oxide Thin Films and Hydrogen
Gas Sensing Properties of Reduced Palladium Thin Films

Young Tack Lee, Yeon Ju Kim, Jun Min Lee, Jin Hyoun Joe, and Wooyoung Lee*
Department of Materials Science and Engineering, Yonsei University, Seoul 120-749, Korea

Abstract : This study reports a novel method off abricating highly sensitive hydrogen gas sensors based on
PdO thin films. The PdO thin films with a thickness of 40 nm were deposited on Si substrates under Ar and
O, ambient conditions using a reactive dc magnetron sputtering system. Considerable changes in the
resistance of the palladium oxide thin films were observed when they were initially exposed to hydrogen gas,
as a result of the reduction process. The sensitivity of the PdO thin films was found to be as high as 90%.
After the thin films were exposed to hydrogen gas, the nano-sized cracks were discovered to have formed on
the surface of the PdO thin films. These types of nano-cracks that formed onthe deoxidized PdO thin films
are known toplay a key role incausing a four-fold reduction of the response time of the absorption process.
The results of this study demonstrate that deoxidized PdO thin films can be applied for use in the creation

of high-sensitivity hydrogen sensors.
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Fig. 1. Schematic of a reactive dc magnetron sputtering system.
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Fig. 2. Buckle delamination that along patterned strips of low
adhesion between a PdO thin film and a silicon substrate showing
the telephone cord morphology for wider strips.
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Fig. 3. Plots of the resistances of the PdO,y, and the PdO;s,
samples during the reduction process. (a) and (b) are real time
detection of the reduction processes of the PdO,y, and the PdO,so,
samples, respectively.
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Table 1. The electrical properties of the PdO,g, and the PdO,se, thin
films in the reduction process.
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Table 2. The electrical properties of the pure and the nano-cracks
formed Pd thin films.

Sensitivity ~ Reaction

Sensitivity Reaction

Sample Ry(©)) R(QY) %) time (s) Sample Ry(©)) R(Q) %) time (s)
PdOyge, thin film  108.6 10.6 90.2 53 Pure Pd thin film 1.57 221 ~41 66
PdOsse, thin film  253.0 10.2 95.9 123 nano-cracks formed Pd

thin films (PdOysy,) 7.55 927 23 3
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Fig. 4. SEM images showing (a) the surface of the Pd thin film and
(b) the reduced PdO,se, thin film with the nano-cracks.

hFde] AAFE oM, 25028 Avhs ¢k 7] B
E FE Jzde] PAES A} AR H
i 33.3%)°] F7Istel wt Vg ] Av]eh dert F
718HAl Fal oo wigk AR F4AE X Ehe 7Y

E

F

flo o

?’r

Response time : 66s

A/Nz

Resistance (Q2)

600 800 1000

Time (s)

0 200 400

Response time : 3s

10} (b)

Resistance (Q)

0 50 100 150 200 250 300

Time (s)

Fig. 5. Hydrogen sensing properties of (a) the pure Pd thin film and
(b) the reduced PdO,s., thin film at the hydrogen concentration of
2%.
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