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Fabrications and Characteristics of Infrared Sensor for Passenger
Conditional Detection in Vehicle
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Abstract

A noble infrared sensor was studied for passenger conditional detection in vehicle. This research
relates to uncooled infrared sensors for detecting the presence, type and temperature of occupants in
vehicle. It sense that the occupants purpose to control the smart airbag for safety in the case of adult
or child and to control the automatic air conditioning for convenience. This paper described the design
and the fabrication of microbolometers which were composed of 2 by 8 elements using the surface
micromachining technology. The characteristics of the array were investigated in the spectral region of
8~12 . ym. The fabricated detectors exhibited the thermal mass of 7.05x10° J/K, the thermal
conductance of 1.03x107° W/K, the thermal time constant of 6.8 ms, the responsivity of 296x10° V/W
and the detectivity of 1.01x10° cmHz*/W , at the chopper frequency of 10 Hz and the bias current of
44 pA. We could successfully detect the human body condition in the divided zone. As a results, we
concluded that microbolometer optimized in this research could be useful for the application of
passenger conditional detection in vehicle.
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Fig. 1. Bolometer array design.
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Table 1. Material constants of bolometer.
Parameters SiNy Cr Au
Young’s Modulus () 247 248 77
Poisson’s ratio 0.25 - 0.42
Density (kg/m’) 3100 7190 19320
Specific heat (J/K kg) 1450 129 448
Leg length (tm) 98 98 93
Leg width (um) 4 2 2
Leg thick. (im) 0.5 0.05 0.05
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Fig. 2. Simulation of finite element method.
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Fig. 3. Bolometer manufacturing process.
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Fig. 4. Bolometer measuring system.
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Fig. 5. Occupants measuring system.
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Fig. 8. SEM image of manufactured bolometer.
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Table 2. Measuring parameters.

Parameters 8~12 m
BBS temperature (K) 7000
BBS aperture (inch) 0.4
Active area Ad () 2304
Distance (cm) 6

The intensity of radiation (W) 37x10°®
Output voltage at 10 Hz (V) 22.8
"Noise voltage at 10 Hz (mV) 0.01
ENBW Af 05
Amp gain 25

Azd B2YHY vUygHE2d SAlo)= 72X
B4 9L 2304 m’olH, BBS® 2A3ke] &3
Age 6 adA 43S Y3ttt BBSEHE
&bl QA F#Fe Plank’s equationd] 2]34]
BBS9 &%, aperture =7], ¥+-&H3F, chopperst
&AAbo] A 2 HEe Fag Fo wEA A
AF8}al, modulation factor(=0.42)E2 F3te] AFEF
YAIE S Feh A" FFo) Fa 5~90
Hzel Al lock-in amplifierdlld &4 9 AZAYL
o] &3t 2 B)EZHE THERIE ¥ F YN
o, ZAAEEALL 4 6)E o439 FE lock-in
amplifierdl A 78 4 glenz 2AY Axle ut
SHAL sty AAEDHE Q& 5+ Y9tk

FEAGe E2nHe 45S F4ses a9
242 FALSAY &AL lock-in amplifiers E3)
F715t9 299 Fa4E HWEAA/NEAN 2AE)
2ot EE2ulge #A&e Fugdd wg g7
yerdn, B Fag didodr L4854 243t

£ gl 2ABL 29 100149 o] ArkE
AF Fo) 252 gl A dEge ¢ 4

lov], 4 Fh4we FeHtel QA
FAHW, ol R FAFIAE 1 Fgol
ASA SFL vINA =M, ¥& FAE2 A5E
F3h4 ggo) A &Aool $As] Ui

2 s4dn.



ag 10, 25% 35

Noise Voltage (mV)

0074 o
o 8.3uA4
0.064 w4 A A
L)
0054 . & LR 777
‘A
0044 1+
o034 " &
s
0.02- *
.
0.01 a A
050 } ’ Sy
0 20 40 60 80 100
Frequency (Hz)

2 AHA R dE mol=

Fig. 10. Variations in noise as a function of
chopping frequency and bias current.
50,0k .
o - 6.3u4
g 35‘% : w4 4uA
S o 3uA
S 0] 1:«‘ A
%‘ 250Kk4 o ® %
R4 - ‘1
2 200k w %,
[« *r on
8 150k N, s
] e e
® 100k o m Ty
5.0k 4 . : &
' S
0.0 . !
20 40 60 80 100
Frequency (Hz)
a8 1. 29FRSE 3 AARFA BE $YE
Fig. 11. Variations in responsivity as a
function of chopping frequency and
bias current.
10x10°1 8 + 8.3u4 .
3 . 4444
¢
& 80x10"- -, oo . o B Apud 1
£ 4 -
\gfaanw ey . o
= -
%4,0)(10’~ . .
8 i N e g
‘q‘s & w‘ - .3
B 2oxiaty # * L
i >y
0 20 40 60 80 100
Frequency(Hz)
27 12, £HF%5 % MR BE BAE
Fig. 12. Variations in detectivity as a function

of
current.

chopping frequency and Dhias

227

ANARNA RS S =22, #2298 A33, 20099 3Y

ol |
o M1 oy
o

Lo
o
Y
poi)
L
=

o

o,
N
-
ol

101 A )

v 17 100149 o] Fgol
ZAE7 A B &

A past 31 paclA Fg

STt 44 pro) A
A= BAE ZE

= 101 x 10°

w T g
= U
ﬂﬂﬂ&

N

E_
N

2 8
%
=2

IS

o 3
ol
o
S
=)

f

i
o

¢

9,
E=)
2

EN

Al

WOE TS e o Ko o

312‘
o

3.3 &R #x "ot

»

Ho

=2

ot ~
>
e

v

it

)

a2 13, @52 A g FERL

(@) FH(x), $(x) b) F(0), $(0) (¢
F(x), $(0) (d) &F(Feh), $-(0)
Valuations in occupants conditions.

(a) left(x), right(x) (b) left(O), right
(0) (c) left(x), right(O) (d) left(child),
right(O)

Fig. 13.

g5 FHAAS A AFEste] &4 Al
FHLE 25 Td WE AZIAS & F &g5A
o e AWEE FAHSAT Y 1ot 2
o] 2 x 8 WdelX F 7FLE FF $Fo2 T
ot 4 o griel BauE 2xte AY Wi
g 0ol A THZA] S ZR BAEAT



J. of KIEEME(in Korean), Vol. 22, No. 3, March 2009,

(c)

(d)

a8 14, @53 A Uit Mgk A
(@) #F(x), §(x) (b) FH(0), $(0) (©)
F(x), $(0) (d) FH(Foh), $¢(0)

Fig. 14. Valuations in occupants conditions.

(a) left(x), right(x) (b) left(Q), right
(O} (o) left(x), right(0) (d) left(child),
right(0O)

2%

29 14+ 1" 139 dehd dAasg
52 1

e dA AL WaE RAE A

i 2

228

139 (@) @7 & o, Agusrt gl
we] Aaoln, (b ¥EFHY 2F @IS 7
9 23z gt gl We 271 A%k 022
oAt ¥EFY BF ged A¢ AR
e H B Q, Hax 25 Q9 WE ARE dg
AN O FHAA o] dehe o
874l E=v B/t whgdtel AgwE fge @
T AeH, (de FAFHANd Fobt dedt
SRHd = Alle] HedE HWe AIEg

of g == fof FF Ade 7] ol 2

old] 2jsto 4"4*—14 6, 7H E=mE e AFPH

37 0% #& €8 & Ao, $5FH 2 AU
o] Ax=z 7z ii“ﬂﬂ«l A go] k25 Q
AEY g 42 F A

i‘lﬁi\iiﬂmloﬁ-l}
o

o,

ol &
AA 2 At FH EAFE &3
A% Hgo e JtEHE %7}%}9514
lzé‘d U}O]iiiiﬂll&1~ dHIYTE
5 £ 9%t 2EX 2= 2 umA Eo]
2 3TF 1 Twﬂ‘}i?ﬁl H 34 vvE
F9 AsgdAE s 200 Torr, 7584
238 %/TE& 4¢ & UJey, ¥44d q9
How 339 8e 200 AL Ay &
% 700 A9 FAZ AESHIATE AT & Aok
AAZARE 2% 8~12 me] FJojx E=n]E
g AAT A 94%& 705x10° JK, GAEE
£ 103 x 10° WK, GNASFE 68 msZ AAtE
Ko™, 10 Hzoll A A7MAF 44 pAe] 2ANA &
9% 29 x 10° V/W, @zlt 101 x 10° cmHz"/W

)11:1

o 4% 54EAE 4L 5 A
AED g G 28 A4E Ao 4

ARBZTA glo] olHA APez NI FH ¢
Labview Z2IE o]g3te] M HAe F
A5 g tsAdE € F dden, g5A

o gooid g 78 F AY, frotel 2
WE 7124 g e 2HE dg F AR

P ATAAE ugom o gaa AL
3 Y AP ROIC(Read-Out Integrated
Circuit) 3274 2 RENLTS 339 239
g3 89T Ay E H ol



{1l

(2]

(3]

(4]

(5]

o

o

Ho
ret

L. Vlacic, M. Parent, and F. Harashima,
"Intelligent  vehicle technologies”, SAE
international, ch. 5, 2001.

B. E. Cole, "Monolithic two-dimensional arrays
of micromachined microstructures for infrared
applications”, Proceedings of the IEEE, Vol.
86, p. 1679, 1993.

Paul W. Kruse, "A comparison of the limits
to the performance of thermal and photon
detector imaging arrays”, Infrared Phys.
Tech., Vol. 36, p. 869, 1995.

P. L. Richards, "Bolometers for infrared and
millimeter waves”, J. Appl. Phys., Vol. 76,
p. 1, 1994.

Y.-H. Han, I.-H. Choi, H-K. Kang, J.-Y.
Park, K.-T. Kim, H.-J. Shin, and' S. Moon,
"Fabrication of vanadium oxide thin film
with high-temperature coefficient of resistance
using V20s/V/V20s multi-layers for uncooled
microbolometers”, Thin solid films, Vol. 425,

229

(6]

17]

(8l
(9]

A7 AR 83 =R, A22HE 35, 2009d 34

p. 260, 2003.
H. K. Lee, J. B. Yoon, E. S. Yoon, S. B.
Ju, Y.-J. Yong, W. Lee, and S. G. Kim, "A
high fill-factor
micromachined

infrared bolometer using
multilevel  electrothermal
structures”, IEEE Trans. Electron Devices,
Vol. 46, p. 1489, 1999,

Y.-H. Han, K.-T. Kim, Nguyen C.-A., H.-].
Shin, I.-H. Choi, and S. Moon, “Fabrication
and characterization of bolometric oxide thin
film based on vanadium tungsten alloy”,
Sensors and Actuators A: Physical, Vol
123, p. 660, 2005.

CRC Handbook, Http://www.matwab.com
Paul W. Kruse and David D. Skatrud,
"Uncooled
systems”, Academic press, Semiconductors
and Semimetals, Vol. 47, 1997.

infrared imaging arrays and

[10] M. Liger, S. Konishi, and Y.-C. Tai, "Uncooled

all-parylene  bolometer”, IEEE MEMS,

International Conference, p. 593, 2004.



