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Comparison of the Characteristics of Metal Membrane Pressure Sensors Depending on
the Shape of the Piezoresistive Patterns
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Abstract

Development of pressure sensors for harsh environments with high pressure, humidity, and temperature is essential for many appli-

cations in the aerospace, marine, and automobile industries. However, existing materials such as polymers, adhesives, and semi-
conductors are not suitable for these conditions and require materials that are less sensitive to the external environment. This study
proposed a pressure sensor that could withstand harsh environments and had high durability and precision. The sensor comprised a

piezoresistor pattern and an insulating film directly formed on a stainless-steel membrane. To achieve the highest sensitivity, a pattern

design method was proposed that considered the stress distribution in a circular membrane using finite element analysis. The man-
ufacturing process involved depositing and etching a dielectric insulating film and metal piezoresistive material, resulting in a device
with high linearity and slight hysteresis in the range of a maximum of 40 atm. The simplicity and effectiveness of this sensor render

it a promising candidate for various applications in extreme environments.

Keywords: Pressure sensor, Metal membrane, Metal piezoresistor, Strain gauge, Finite element analysis, Harsh environment

LM 8

FEe T 3 TUHPS g T83 BYA HSE T
shfoln, o] F A slo] A7) Alez Hisls 4 AME A}
B2k A A, g, 9 E, 7H, A oo 2
ofollA] E-&5 3 k. ¢S 7] 252 WkelE 8 vA
Ugddle gAY, oA, 3189, F =R/, 33 galo] Jo
), 2 5 A Be] Mg g AdEskE AT [1-10].

HAE A AXE TA Z2H F fol 25 e H3}
g 5 QP e FA3sAY Al 713e] 1] =
< st At 7 B BF HEAAE ARt akE &
A F-9lol gkt Ao E FAL EEv &, A 7]
I, HFAE AXAA 4 F-9o] Wy ogt SHo] 7=

! &=k g st 8k ub e WHE A - 82} (Department of Nano & Semiconductor
Engineering, Tech Unversity of Korea)

237 Sangidaehak-ro, Siheung-si, Gyeonggi-do 15073, Korea

“Corresponding author: ckkim@tukorea.ac.kr

(Received: May. 2, 2024, Revised: May. 16, 2024, Accepted: May. 21, 2024)

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License(https://creativecommons.org/
licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

173

29
=)
oy
k1
N
3
2
ofr
ol
it
a

oo
ol
&
{0 o

w 1o

r&/
p
&
Ty

o=

2
Y
it
lo}
o
X
o
(o}

e
~

flo

=
==
X
N
X

o

;9‘
2

O

°
X

ox
e o
i

2L
1ot ,

-+
ek

H

3

=

i)
z
=2
>
lo

r
st 081.,

g

=
~
=
)
oX,

oo ol R
N
X

2 0 &
5 e

N

&

oﬁ
_c',

re
oy
=
RANI)
rr
9
v
o

m.
ob
et
&
4

iy

v rlo

% o
)

i)
&
des
o

ov
o o
o,
£
B

oN P
i)
ol
3

ol
ol
& K
>l

I
2
2
ol
__>tl_’.‘
it
gy
N

ol

¢

Of
N o

of
20

o
Z

ox 3R
fu)

o -
I

2L ok
2
ofh
/N
03
< N
lo rff

o oo 2

SO |V L)
(]

all
s

2

2

o%

M

o

|l'ﬂ

rlmﬁmfﬁihﬂ

_O‘L

%

o

b

& w

5 oo
T E Lo
g = L

e R
A8

>
o
o
D)
52
|o
it
u
=2
o

oft

X0
rir
S
BN
Ao M
fo
ofr
5
%
z
e
W o
1o gl

Soa% g % xS o Ao ok o o
r

ol
25
2
o
2
ot
__>|.l_|"
l-ott [‘lO
lo,

N
9

>

J. Sens. Sci. Technol. Vol. 33, No. 3, 2024


https://crossmark.crossref.org/dialog/?doi=10.46670/JSST.2024.33.3.173&domain=https://jsstec.org/&uri_scheme=http:&cm_version=v1.5

Jun Park and Chang-Kyu Kim

2.9 LHE

2.1 X &X| eI ol 2 K& Ml H
R o] ZRsiAEA ol

d38sk YAV Lolet a4l
%—‘— o

>,

uke] thelolE s A%} 7S
Hztete] g1 ANE A

AC)

o oX "
oZ

N
—

Ml ox my o

il

st g Al E
o fGA A 5 Mgﬂﬂ o] FxoM = At
A T SHFAE AT 4 BEY < W AT A <]
54< sl §iste] FREA L F A UE(F, §) FolA
24zt o e E e HE el 2te 7 A e

sk &, shtel sfgle Ae] B4l BT Fake
Wepe] sjeo] Avhvt HES (PR B, e shiel

el o] FAE 7|Fo R s wake] ddo] vt
=5 stk dd B,

S A3 9 Ao ofsf WA ste LAFE st
EYATE FEs] Skl oo AAFAR JEXE By
A5 sk, o] T vie W FYel fAXskaL,
HA s HEH] HFE G Fol Ve AFLR A
ghe, JEH %%Poﬂ AE VHe] A o] FAldl sl A
g o] RX onz AlEHolde yHaele] Mt g
AT 1749 kA1 1011 rﬂok’# Tt

A Azl AREE 34 948 PEg e vELS 1,750
pume| 3L, FA= 200 pm O]F]-. A A L] HEL 40 pm=Z 3}
A=t Ao Sl UF /A ' o] HAA = A7}
Ao B o] FAOEHY H2]= 380~740 pm, T4 165°
O] Hiﬂlrlg] %1_1% OﬂOd LHoﬂ/\-] 71—0 710]‘E 7h:i = uﬂlf,j%
TS rhFig. 1 (). 8 BYS owak AREA AR
7t H 25 F47F 154920 4709 37} 66.7 pm HA S 74l
Hj )= 2l om, shte] MgA 2 AZAs] HsiA o]2-3 578
A&} Q B2FS WAR AAsT) 7P QK] 38 &5 A
ol Ad3}7] 9k A o] AF 2o F7H=E Ak(Fig. 1 (b)).
WAL e (A A2yl izt E=s Zolzt
360 pmSl 16712] 2] 11° 7HA 0= vix| =]l om, wizlrlA]
2 o] APA R A7) QA o] g M7 kgt

A
9,

PR
rﬁso]:}\o

J. Sens. Sci. Technol. Vol. 33, No. 3, 2024

174

1,750um

T@ @%
Fig. 1. (a) The area where the piezoresistor is placed on the circular
metal membrane (blue color). The dotted line indicates where
the radial stress is zero. (b) The piezoresistor pattern of the
circular type that maximizes the portions in the radial direc-

tion, (c) The piezoresistor pattern of the radial type that max-
imizes the portions in the tangential direction.
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Fig. 2. (a) Deformation and stress distribution of the membrane sub-
jected to pressure calculated using finite element analysis, (b)
Radial and tangential components of the strain by distance
from the center of the circular membrane.
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Fig. 3. Comparison of relative resistance changes between circular
and radial types when pressure is applied.
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Fig. 4. Dimensions of metal hydraulic part manufactured by machin-
ing of SUS631.
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1. Surface cleaning 6. PR removal

2. SiO, deposition

7. Piezoresistor lithography

3. NiCr/Au evaporation

——

4. Electrode lithography

—

5. Au wet etching

8. NiCr wet etching

E

9. PR removal

Fig. 5. Fabrication process of piezoresistors directly on metal mem-
brane.
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Fig. 6. (a) Photographs of pressure sensors for each process step.
Cleaning, NiCr/Au deposition, elecrode/piezoresistor etching,
and soldering. Micrographs of manufactured (b) circular and
(c) radial type piezoresistor.
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Fig. 7. Output signals measured by performing a cycle of increasing
and lowering the pressure on the manufactured pressure sen-
sors.
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