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Fabrication and characteristic of thin-film NTC thermal sensors

Mi Na Yoo', Moon-Ho Lee*, and Jae Yong Yu**

Abstract

Characteristics of thin-film NTC thermal sensors fabricated by micromachining technology were studied as a function
of the thickness of membrane. The overall-structure of thermal sensor has a form of Aw/Ti/NTC/SiO/(100)Si. NTC film
of Mn, sCoNiysO, with 0.5 mm in thickness was deposited on SiO, layer (1.2 mm) by PLD (pulsed laser deposition) and
annealed at 873-1073 K in air for 1 hour. Au(200 nm)/Ti(100 nm) electrode was coated on NTC film by dc sputtering.
By the results of microstructure, X-ray and NTC analysis, post-annealed NTC films at 973 K for | hour showed the best
characteristics as NTC thermal sensing film. In order to reduce the thermal mass and thermal time constant of sensor,
the sensing element was built-up on a thin membrane with the thickness of 20-65 mm. Sensors with thin sensing membrane

showed the good detecting characteristics.
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Fig. 1. Schematic flow diagram for the preparation of
device.
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Fig. 2. Variations of XRD patterns for the as-prepared and
post-annealed NTC thin films.

2% NTC 9F2HE 600-800°Col A Gl g3 A H 9
XRD £4 A3#E VeRATE 300 °CollA S35t A
HollM Yutd 2ujd Ao] FAH ] ot FAF &
27} F7rekel wel Awky Aud o] st A4
D AT 5 ATt F 600°C
Aol A kA gh by Aud Ago] FAEH e, Y
3 2~9del 311) =22 At 45 207} 36° F2
ol A B8 A3 700°CA @A s AlH e A
727y A 38 Jellth XRD 4 23258 €
2@ Lx7t Srheol mEk 2l (grain)® A7)0 5
7¥sde | A3 3Herystallization)’t A= AL
s
29 33 27 4004 300°ColA F25 Al HEA &
A2 3 Al HE FAF AR} Hr 7 (SEM)S AHE-3H
UAKgrain) 2719 ¥sHE S48
5 dA3 A JAF 2] E uidke] Wyt 4
A8 27t F7Hl wet sk 718 =71
300 °CollA] 2213k dhelo] Axjg] =7t F7Fgl o}
2 7FEsbe zaelo] B 4ASi deg HoEh
o) g L7} 600-700 °CollA AR Y] A3t
7ol 288 AUAE 7HER v 238 Y 0l
YA Asie] Z2A4sE 44 2Ele] A7)
7} 2718192, & o X 23 uhete] P4 gl o
AEE 9AE] %71 800°Ce] A= agelel =
717} 718k whde] 1eRle] A7 #d s B3kl
w, T 953 (columnar)d) Z¢13 F3td L)
Qo] A 43t Ro] BejzinHev,
I3 5% 300°ColA S-S Al G g Al

Ay

— 66—



ety NTC €% AMel A% o 54 97} 67

(a) {b)

(©

38 3. g3} F-2] NTC BFele] 8 SEM A1 (a)
as-prepared, (b) 600 °C, (¢) 700 °C and (d) 800 °C
Fig. 3. SEM for the as-prepared and post-annealed NTC
thin films; (a) as-prepared, (b) 600 °C, (c¢) 700 °C,

and (d) 800 °C.
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Fig. 4. Variations of grain size with post-annealed
temperature.
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Fig. 5. Variations of resistivity with temperature for NTC
thin films annealed at 600-800 °C for 1 h.
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Fig. 7. Overall feature of sensing membrane.
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Fig. 8. Overview of manufactured thermal sensor with
TO-5 package.
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Fig. 9. Output waveforms for NTC thermal sensor with
TO-5 package, measured at (a) 0.1 Hz, (b) 0.5 Hz,
and (¢) 1.0 Hz.
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Fig. 11. Variations of thermal time constants with
membrane thickness for the NTC thermal sensors.
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Fig. 12. Variations of S/N ratio with membrane thickness.
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