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Flow sensor using stress-balanced membrane and thin film thermocouple
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Abstract

A flow sensor has been fabricated by preparing thin film Pt-heater and Bi-Sb thermocouples array
on 150 nm-SizNy/300 nm-Si02/150 nm-SisNy dielectric diaphragm which has low thermal conductivity and
balanced stress with silicon substrate for the purpose of improving the thermal isolation between
heater and silicon substrate. Pt-heater showed nonlinear 1-V characteristics due to the thermal isolation
effect of the diaphragm. Its temperature coefficient of resistance was about 0.00378 /C and Seebeck
coefficient of Bi-Sb thermocouple was about 97 (N/K. The sensor showed that thermoelectric voltage
decreased as thermal conductivity of gas increased, and flow sensitivity increased as heater voltage
increased or as the distance between heater and thermocouple decreased. When heater voltage was
about 25 V, Nio-flow sensitivity and thermal response time of the sensor were about 1.27 V-
(sccm) *? and 0.13 sec., respectively.
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Fig. 1. Process sequence for the fabrication of
flow sensor.

N
e
pau!
[8:2
=2,
%0
iy

SisNy/Si0y/SisNyF 9] 47 o] £
A A A Bi € ShE
Fog fAd o8 SHERH A
e 2xE ZASE Bi-Sh EdduE
olgf Bi ¥ Sb @2ty FAE
=3 3151 2 FAdulde] A
Aelg sl &

=2
=
Aoy Qe

oE o

_QLE
P
B
=
o
'—h:‘o

=
T
o]

=

"o
i

., oF
2

o ol ofN ok
o Mo AR

of

oXx

ok

p4c4

Rl

-{ﬂé

1
12 m

K

71#3 W] 44

T

ax af o
3

X

1o

o et
ox

L oR
N

;&

(Mo
N

4
299 o T""oﬂ %

oo olubgAztate

= ﬁ]: 83 9 KOH#%
29} 7o) AA e #¥AA
A FolA aarHi2]. 1
g 2@ FAMAY Fxd dE Agzoln, 1¥
2 AAMY WS FAY AAFNA R BT
T FAY & A 4A9
stolo] Edd(wire bonding)<
Apzloltl,

ul

T.
=

_52.._



o] 0
v X

~2E#H2FHo] o]FolA Ay

Pt heater

Bi-Sb thermocouple
— N/O/N

N/O/N membrane

\-\-(I(' ’III
Pl . . AV
7 OO0

(100)

p-type

28.8kV X35.09

(b)

()]

a3y 2. FAAAY (@) TRE, (b)Y FAHE AAEn
2 AR E () stolo] 2% AA AR
Fig. 2. (a) schematic diagram, (b) scanning
electron microphotograph of flow sensor
and (c) full photograph of flow sensor

after wire-bonding.

s AAE $EY AAAA 3

A& ojdtHAZA el gHd HAME 3E
2 GAuide] siele] KOH &8 o] £4HA
AL E 57 Yol 53 notd HAFHE AL
Ak MelE ol ztA Zolurake A7 g2 £9
ok 14 m@od, ¥ AgAM AZ2F FAH ol
#ole A7) ok 600 X 2410 molArh.

I Zz o 3z

1. 93 vepsg e 54

a4 3& "-‘,‘—E,L?‘S]Eigl AB-AY EASL Y A
olth, 19 3(a)E FHA FAdddy o A= A
* )
30.00] 12268
| A
]
7
8.000 p 2.000
/aiv , 5,880
e =]
//
L e —
-00g3 100.0
0080 ve a2c0sdiv (w200
(a)
I (mA) R @)
18.00 280.0
1 E+Q0
<]
1,600 = < 19,90
/aiv 499
? —1=>
A 4
& 7
,‘/
. 0000 2’600.0
-0009 v .seoosdiv (v 00
(b)
a3 3 9 watse e AF-HY EA (a) §A
A thololmale HAA 9 (bh) LA

tolotzH e} FAHF
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Fig. 5. Temperature-input power characteristics
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