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Fabrication and Characteristics of Hot-film Air Flow Sensor for

Automobile
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Abstract

An automobile hot-film air flow sensor is deposited with platinum by spuftering method, patterned by

photoresisted lift-off method, annealed in 1000 C and passivated with PI-2723. The TCR of the
fabricated hot-film is about 3500 ppm/C. In the experiment, the output voltage of the sensor is in
proportional to the fourth power root in the air mass flow range of 300 kg/h. The error in the full
flow range is about +07%. In the range of air temperature of -20C ~ 120C, the error is about *
1% that is £29% lower than that of the reference sensor. Therefore, the fabricated hot-film air flow
sensor satisfies the specification for automobile. Lower temperature error of the sensor provides to
control the precise air/fuel ratio of automobile engine and results in improvement of a fuel mileage and
the less amount of toxic gases emitted by automobile.
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Fig. 1. Schematic diagram of the sensor.
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(a) Mask of hot-film
sensor element.
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(b) Mask of temperature
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element.
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Fig. 2. Sensor element mask.
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Fig. 3. Processes sequence for the fabrication of a

sensor element .
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Fig. 4. Photograph of sensor element packaging.
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Fig. 5. Resistance as a function of temperature.

FHE HEATIEAN 2EAUS AT Aol )
FAA Y At A A vwdts] AMM o
AMe 8L 2 VE g goln NEAME
SiemensAbe AEAE W 3HY F7] FF AM=
e YR Ao H 4o AHEHI e AFol

o S 1500 ccol 7HED WL HAY ATAY

59 371 #3 99U 0 keh A SR 3
@!dt}% A(DAAM G 2ol FHY 4xF 2 vl
3, AFAAS AR AAS §3d mE 2R
A= 0.
a8 72 &
gL ER
BIEEEL
7
6 I
- |
24
(=]
£2
e}
1r  —Thefouth motof massflow
0
0 100 2007 300 400
Mass flow kgrh]

a9 6. AR AMe ZIFANY 3o g 23 AY
Fig. 6. Output voltage versus mass flow for
reference and fabricated sensors.
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Fig. 7. Hysteresis characteristics.
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Fig. 8 Output voltage versus temperature without

mass flow (0 kg/h) of closed-loop circuit.

7
26 . Al — ),
go! e—e—s—a—a s a9
T4 LI G S S +
E] 3 AR .
gz I —— 60 kg/h t
g -8 115 kgh
o1 =290kgh -

0

20 30 40 50 60

Temperature (]

29 9. o9 7HA FARFAN x4 A 2HAY
Fig. 9. Qutput voltage versus temperature in
various mass flows,

2% 108 TRl 115 ke/hd 9 7EAM S A
A A ey x4 wWE 2H3AY WUsE &
A¥ Zolth. 7|EAA S 2HAGE FHAMG ]

FAA S A L A 45

w7l faH LZA HY 2 VE dF goln 7§
Axsk ARg AxE 47 =13 %, £09 %9 +F
of ME MY LA AU

o

—&— Reference sensor
| B Fabricated sensor

i
o

Qutput voltage {V]
E
o] W

S

N
[

30 40 50 60
Temperature (C)

a9 10. F715%c] 115 kg/h 4 o N2 AA % A
F MY 2xo g A

Fig. 10. Output voltage versus temperature with
mass flow 115 kg/h for reference and

fabricated sensors.
V. 83E

A5 v smfﬂ 37 #2448
49 e 7

it
1844 2 ﬂlm}ﬁw &4 Aze
LERA Aztg wgutgod #ztslm, o] il
Yo st REAFE ;%Sc% 3t7] flsA 1,000
TolA dA2stgen, o durg HIHEE il
ol PI-2723% #gwty 9o X sl BEgoz
ALt AAe AME FF 2498 29 £4€dY
of f%9] 4AIF 2o vldAsH I, F1EAM G F2e
g A9 Lae 05%0lu olivh AAd AA
L= A da AM £x "o dElA 11%
TEef BE Z2FAY 230 ArlEZ AFAA
g fEAMe £3% £xo WE YHY o4
Hoh +2% Woith 4 £xe AA FFus HY oA
SHAYE Ad +07%9 237t AT 1]
115 kg/hd 9 71 4A9 A= A digly 2x
of @& FHY WHE AT A JEHNY A
A8 AME 4z £13%, £09% F3 o0& 29
A o7 U
webA Az det geE F5 FFAME AR
of A48y A A%E wEIY Lo BE &9
A A7t onz AFA Qe FTIvE BFs

319. ﬂllﬂl

m{x

—398—-



46 Y,

A AE & A Hol Wks F 2

T AuE PYAY F Ao o
F4449 588 92,

o ARAE 489 & U4g Relth

{11 248, A2 /& AR, FHA, 1993

[2]1 Eric Chowanietz, Automobile electronics, SAE
international, 1995.

[3] Ronald K. Jurgen, Automotive
handbook, McGraw-Hill, 1994.

(4] 2, “AEA A04 AN SAFH Fol” HA
714, A1, A2%, pp. 14-23, 1994,

electronics

9=
19928 ZEdEe W3 &
A(FEAh, 194d AEdER o
gl A3 2T EAA,
19983 ZEdgn ditd #7E
g Z(FEAl), 19%6d ~
1998 BZAFAEF) 71ed
~ 34 4Fdign A7 358
AL 7L, %%J ¥ob fr&/f 44, MEMS

_n.

{51 W. Gopel, J. Hesse, J. N. Zemel, Sensors, VCH,
vol. 4, 1990.

6] &, 2R, BAF, “AeAE G4y 37|
S%A B AxEATF 1949 AMedE
3 =54, 454, A3, pp. 191-199, 1994,

(71 2¥E, A% “H2EY §4 L 73 FHAAA]

A 3r3) x| A1d, All3, pp. 35-41, 1992.

[8] RW¥HE, uAF, “SPICES ol 4% d4FFAMY

EojA”, 19969 AMri¢stedy =84, AT

x

=

A, A, pp. 41-47, 199.

0] 2%, “Bed AL oJ&3F AFAEL g9
FAFZANG A 2 xR, AEUER
A7 3t AL g =F, 1998

g o

v A 3

raxgsa Alld Als; =89

2-04, p4l Zx
a4 A%usn 4738 s

—-399—



