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Fabrication and Characteristics of Tantalum Nitride
Thin-Film Strain Gauges

Gwiy-Sang Chung’, Hyung-Soon Woo, Sun-Chul Kim*, and Dae-Sun Hong**

Abstract

This paper descibes on the characteristics of Ta-N(tantalum nitride) ceramic thin-film strain gauges which were
deposited on Si substrates by DC reactive magnetron sputtering in an argon-nitrogen atmosphere (Ar-(4~16%)N,) for
high-temperature applications. These films were annealed in 2 X 107 Torr vacuum furnace at the range of 500~1000°C.
Optimum deposition atmosphere and annealing temperature were determined at 900°C for 1 hr. in 8% N, gas flow
ratio. Under optimum formation conditions, the Ta-N thin-film for strain gauges was obtained a high-resistivity of
768.93 uQ-cm, a low temperature coefficient of resistance (TCR) of —84 ppm/°C and a good longitudinal gauge factor

(GF) of 4.12.
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Table 1. Deposition and annealing conditions of Ta-N
thin-films, respectively
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Target Ta 4" diameter
DC Power 310V, 100 mA
Substrate Si
Target-substrate distance 8 cm

Ar ;19 scem
N; : 0.8~3.6 sccm

4, 6, 8, 10, 12, 16%
Room Temp. (27°C)
4.3 mTorr

500~1000°C, 1 hr.
2% 107 Torr

Working gas

N, gas flow ratio
Substrate Temperature

Working pressure

Annealing conditions
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Fig. 1. Variations of deposition rate and resistivity of Ta-
N thin-films deposited according to N, gas flow
ratio, respectively.
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Fig. 2. Auger depth profile of Ta-N thin-films deposited at
N, gas flow ratio of 4%.
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Fig. 3. Variations of XRD patters of Ta-N thin-films
deposited according to N, gas flow ratio.
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Fig. 4. Variations of TCR of Ta-N thin-films deposited
according to N; gas flow ratio.
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Fig. 5. SEM images of Ta-N thin-films according to
annealing temperature; (a) before annealing, (b)
600°C, (c) 700°C, (d) 800°C, and (e) 900°C (N,
gas flow ratio : 4%).
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Fig. 6. Variations of TCR of Ta-N thin-film strain gauges
according to N, gas flow ratio and annealing
temperature, respectively.
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Fig. 7. Variation of gauge factor of Ta-N thin film strain
gauge according to annealing temperature (N, gas
flow ratio : 8%).
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Fig. 9. I-V characteristics of TaN thin-film strain gauges
according to temperature (N, gas flow ratio : 8%).
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Fig. 10. Aging effect of Ta-N thin-film strain gauges (N,
gas flow ratio : 8%).
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