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Fabrication of Ceramic Thin Film Type Pressure Sensors for
High-Temperature Applications and Their Characteristics

A&

(Gwiy-Sang Chung)

Abstract

This paper describes the fabrication and characteristics of ceramic thin film type pressure sensors

based on Ta-N strain gauges for high temperature applications. Ta-N thin-film strain gauges are

deposited onto a thermally oxidized Si diaphragm by RF sputtering in an argon-nitrogen atmosphere(N:
gas ratio: 8 %, annealing condition: 900C, 1 hr.), patterned on a wheatstone bridge configuration, and

used as pressure sensing elements with a high stability and a high gauge factor. The sensitivity is
1.097 ~ 1.21 mV/V - kgf/crt in the temperature range of 25 ~ 200C and the maximum non-linearity

is 043 %FS. The fabricated pressure sensor presents a lower TCR(temperature coefficient

resistance),

non-linearity than existing Si piezoresistive pressure sensors.

of
The fabricated ceramic

thin-film type pressure sensor is expected to be usefully applied as pressure and load sensors that is

operable under high-temperature.
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me] p(100)¥ SiZl#& ALgsng WA, gt o
olojxHog ALE Sir|@d EXE}= A
F718.8EE AAs7) 98t BF wrxEA A
AL PsHd. ¥, Si et tholojzAe
HAaM e $AREA, 7)He] vhubslA] tholojx
8 Al g FAY HAZAH AFx FAHo At
g g 2EHQA Aol ANY NE HFP
of H¥steiol e} wreld, Siz)H9e 2EHS]
Aolx7t HHe LHAZE 714 F Y=
TMAH €% 20 wt.%, 80ColA oA &4 4
27N er A7 F77 247 143 X 143 mm®
40 /m<] Si ¥ cho]o] T YL A ek Y .

(a) Oxide removal by buffer HF

L

(b) Si membrane fabrication
———————

N

(¢) Formation of Ta-N thin—film strain-gauges
mes—— e ————

(e) Metalization

O 1. Ak 9y by ax e ALY £AME,
Fig. 1. Fabrication process sequences of ceramic

thin film type pressure sensors.
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2714 S4& $4 9 97h8ch £ 18 Ta-N %
o] 2% 9 A 2A& 247 e ol

:4 1. Ta-N ¥ute] 52 3 A3 =3
Table 1. Deposition and annealing conditions of
Ta-N thin films.

FREA 9
Target Ta 4" diameter
DC Power 310 V, 100 mA
Substrate Si
Targgits-tz\rjllgz'trate 8 em
Ar : 19 scem

Working gas N2 : 0.8~ 3.6 sccm

N. gas flow ratio || 4, 6, 8, 10, 12, 16 %

Substrate .
Temperature Room Temp.(27°C)
Working pressure 4.3 mTorr
. . 500~1000T, 1 hr.
Annealing conditions &
2x10" Torr

a9 2a)et (e AFg Mebe whebd Qhe Al
e gewel P g zhzh velbd ol 4lA
AAA 2EHQ Alol#g] Hejel fxE st
o & 292 48 F UEF AAY e A
71 30%100 m’, &L 250 Qo2 AAsA 21
g 2b)st ol wjdsisich14]. Ta-N Htupe] A
28 9)8}e] photoresist® Ab&3] 1.5 me] 43
& PAT F lift-off'd & ol&8e] HAHe RF £
B2 &A(N: gas ratio: 8%, annealing con-
dition: 900C, 1 hr.)olA Ta-Nwehs F3 92 ¢
#glatedct, Azt Ta-Nubekel u] A gghe 766.9
nQcm, AlolAE&L 4122 FAHHUCG £§ ¥
ARz dA49 Sizlea f2718%S 450°C, 1000

L

vatel A il an HEden NaOH +4&
o o] A 2 7] g} 5 A 718 (electrochemical

discharge machining: EDM) 7]%& o] &3&le] u}o]
WA 7740 2 7)ol ]t A7HE FE& vhEEt
Ak HEHor ~e#Q Aelxe H2E Hil
# F4& §18 DC 29 EHHE o83t Al Au
A& #adog F2HF F, TO-5 H7| Ao
HE A& A =akedc)
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a3 2. Aztd Mee ey ot M e (a) &
HEeh (b) AR,

Fig. 2. (a) Cross-sectional view and (b) top

thin film
type pressure sensors, respectively.

view of fabricated ceramic

2@ 38 ARFE To-5 W7NAH Ta-N Hehe)
upuley ghe MM 8] Apglelth,

(a) (h)
ad 3. To-5 #:A7|1A$ Ta-N Aebe] 2robg st
gaA ] (a) HE 9 (b) o] 54,
Fig. 3. Photographs of (a) inside and (b) outside

view of To-5 packaged ceramic thin film
type pressure sensors, respectively.
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A Folth B dFAE 2E#H AelA 9 B
Aol 10 Ve A4 YdFALES Astdles 0 ~ 2
kgf/ere] gHEHolM EANE SAHAY. A"
R AM ZAEE 121 mV/V - kgf/arfth oA
e S gAY HAMY 1.72 mV/V - kgf/onel
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2EHA Aol & AXE&R Usy zEE

el Alolxl ZE=A(1.0 mV/V - kgl/a)# W&t
dg & AATH13L

$48 FESHE

Output Voltage [mVv]

0.8 1.2 1.6 2
pressure [kgf/en)

0 0.4

a8 4. A% AT uety FFAMe Azt
ol W& ZHEA(A7FHS 10 V).
Fig. 4. Out put characteristic of fabricated cera-

mic thin-film type pressure sensors
versus applied pressure(supplied voltage:
10 V).

Y 5% 25 ~ 25079 2=y oA AzE
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Hol wWE =54,

Fig. 5. Temperature characteristics of fabricated
ceramic thin film type pressure sensors

versus applied pressure, respectively.
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Fig. 6. Non-linearity characteristic of fabricated

ceramic thin film type pressure sensors
versus temperature.
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