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Preparation of T-type Flexible Thin Film Thermocouple by
Magnetron Sputtering
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Testing Technology, Shanghai 201203, China;
2. Engineering Research Center for Nanophotonic and Advanced Instrument,
East China Normal University, Shanghai 200062, China)

Abstract: In order to solve the problem of temperature measurement components about thin but inflexible and adapt to the
requirements of flexible temperature measurement technology, T-type flexible thin film thermocouple is fabricated by vacuum magnetron
sputtering with roll to roll technique. The influence of power and sputtering time on the thin film thickness and surface resistance of flexible
film thermocouple is studied. The best preparation conditions of T-type flexible film thermocouple is supplied after being calibrated. The
results show that the thermocouple, which is combined by copper film deposited at 80 W DC for 40 min and copper-nickel alloy film
sputtered at 150 W DC for 40 min, is much better. The temperature measurement range of the flexible film thermocouple with a thickness of
0.05 mm and a length of over 130 mm reaches to —50.0~150.0 “C, when the maximum temperature deviation is achieved to +0.3 ‘C. The
controllable preparation of T type flexible thin film thermocouple can make thermocouple both soft and thin, reduce the error caused by
traditional measurement method, and lay a foundation for its large-scale production and application.
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Fig. 1 Schematic diagram of roll-to-roll magnetron

sputtering vacuum coating system
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Table 1 Prepare parameters of flexible film thermocouple

Parameters Valus
Coating temperature / C <150
Vacuum / mPa 1
Protected gas type Ar
Gas pressure / Pa 1
Gas flow / (mL / min) 4
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Fig. 2 Structure diagram of flexible thermocouple
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Fig. 3 Photo of flexible film thermocouple
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Fig. 4 Effect of sputtering time on the resistance

and thickness of copper film



234 R EH X W L R

2022 4F

2 RIRMEE. RESHERNEFMXR
Table 2 Effect of sputtering power on the resistance and
thickness of copper film
Film thickness /

Surface resistance

Power / W Time / min nm /(Q/sq)
80 20 300 8
90 20 405 5.7
Part of the film
100 20 fall off _
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Table 3 Effect of sputtering time on the resistance and
thickness of copper film

Power/ W Time / min Film /tlrlli;kness Surfi;lc(cz1 rc/essi:;ance
80 10 222 19
80 20 300 8
80 30 454 2.3
80 40 680 1.7
80 50 978 1.6
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Table 4 Effect of sputtering power on the thickness and

resistance of Cu-Ni alloy

Power / W Time / min Film /ttrlli;lkness Surfac(e(:z rj:ssi:;ance /
80 40 381 28 000
100 40 506 5000
120 40 626 1493
140 40 752 314
150 40 900 9.7
160 40 Part of the film 2.7
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Fig. 5 Effect of sputtering power on the resistance and

thickness of Cu-Ni alloy film
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Table 5 Parameters and results of magnetron

sputtering coating

Type of film Type of Power/ Tlme / Product color
power w min
Cu AE DC 90 40 Champagne gold
Cu-Ni alloy AE DC
(Cu/Ni=55/45) (2 PCS) 150 40 Cement grey
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Table 6 Temperature calibration results of

flexible film thermocouple

Number Temperature / C

Standard -50.00 0.00 50.00 100.00 150.00
S01 -49.89 0.15 49.85 99.87 149.73
S02 -49.81 0.16 49.79 99.82 149.85
S03 -49.88 0.11 49.82 99.88 149.79
S04 -49.91 0.12 49.88 99.87 149.75
S05 -49.85 0.15 49.86 99.86 149.81
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