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/ eference
handpass
bandpass filter(dum etc.)
filter

(a) (b)
Fig 2.3 NDIR CO:z sensor
(a) two source method for reference signal

(b) two bandpass filter method for reference signal
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2 FA PSR A o8] 4 (-3 Lol AR oA RS WE
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I I | T
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1 1 1
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1 2 3 4 5 13 7 8 9 10 " 12 13 14 15
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Fig 2.4 Related spectral radiance energy as a function of wavelength
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Fig 2.5 Principle mechanism of the microbolometer
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A%y wzvee) 45 vws

s
K
=8
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N
L
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L
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N
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re
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fr

o,

42,

7}. TCR(Temperature Coeifficient of Resistance)

BAZze] eEwsl] ne

=
ot

MakE EhlE FAelw 4 (2-5)sh e Ao

a (TCR, %/K) = % x 100 (2-5)

R Ao Ao AAFe A%
o 21 & o]gsto] Aol AFgs 2= R yerdH 4 (2-6)3 #rh
R=R,(1+aAT)  (2-6)
1. $ 9 =(Responsivity)

2l 2-73 2ol dAre Ao e Wste] nisiA ¥ ANE7F Wste AeE U
Bbl Blo® 2xbe] WS (sensitivity)E LhERcEE!
AOQutput signal Vi

- A Ihput radiant power - E (V/w) (2-7)
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AT 27k 7)o 2o, e @ 27be] Ao F5&, E(W/em?) @ agd

Ak dapshs HoH WA YA, 4, 0 24el Aed F4 A

tlo
&
E

of HomRy thed} 2 A4S o

ely A,

G V(A4 uw )’

7 1 A A4 (thermal response time)

AT =

r=C/G  (2-10)

4 2-9), 4 2-100 DA WA BE A Hgd + Aok 4GP 2=

L)
20

0,
rlo

el Ag &

_17_



L= 0 (2-11)
G V(1 + W)
o] Hu $HEE
R = hofled, (2-12)
G. (1 +w*)
o] . 2 (2-12)olA HW SHEE TCRatel vlelsta G.akel wnags o

T Atk 2"d TCR#S o= A% dAZE AAR Gae 2x AA Al F
orders =49 F Advh. @3 ¥ FZ(thermal isolation structure)7} 8.3k o]
7b vtz o 7)o vk A¥E EREuE AA, AxA 2=WsE 24 s 9@
w2 G e FEE Ak 51 TCRe] & ARE HAToE ALE

o %317}

tlo
P
rlr
Fé
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ofj

sfofo} sta me SHALY 7ol FgHE 4 CH
wejsolop g,
B a4 $UEE 7Y 9 Fas7 melslol ¥ el st ool

2 AFol 2o Azte] 2xwWsloltt BRuHE APAizo]7] wEe] NFE 9
7] 9leir = AAbo] HFolo} A= slajol sl o] wjio] Fo] wAEY AAzm A
ko) e 4 71w 2RET EA YERdTh os &R A dFE 7

Aed 4 26, 429z A@-13)o2 e 5 ol

¢ ?tT + G.(AT) = e BA; + i, Ry(1+aAT)  (2-13)

]_
of e FFE FAY 5 Ya wpolojsd] T 24 LEHE

rlo
[
X
N
of,
ofl
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AT= vt gy
G. — ay,° R,

ae] 4GS Rt sW SHEE 4 (2-15)3 o] vehd & gk

R = hofheds (2-15)

G. V(1 + w)

t}. &S (Noise)EA

B
ouzh 471 wiZelth. AZE =2vY AlagdA BN E FeeS A5IE
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Ao dHE W2 Hod AAelA Fast 247 i Qlrh Aejd FHEY
(Infrared Filtering)> o8] 7}x] A o= x18=" F gl=d o9 2 H (bandpass
filter)9} 712 E (reference filter)9] zto] @& FH3le= Zo] wasith 2 oy

AEE dAtee Aelde RHYToRH Aok Lt e AAsten AL

L

91 ged 9x S4eng d dgAn F4 540 oroungl sz
B AL AA FE, FARESe] A, 2T AN BAe 9d) A4
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A 37 CO, FAE vlo]a=z EZVH AF

Al 31 A MEMS 7|&9 mlo]a=2 E2vH A% &8

H wheA JAE Axrlss S8 VA Alzto]l JheeA "ol wet
oA muE A7) W& ZAFFolU A4F Aot ol FAd Fadk A
IRE 9 H(chippes dAFAIIE MEMSMicroelectromechanical
System)7]= 0] TN B FHS HAAL o] gEE T B AT FoF
A @ustAl Aa Foltt 2 Fig 3131 o] MEMS 71%& 2 %W vl A
7}&(surface micromachining)”]<, 7|3 1| A7}& (bulk micromachining)”| <,
LIGA (Lithographie, Galvanoformung, Abformung)”|<, %% ¥ (anodic bonding)

=9 A3 (bonding)7]% SOz BRe 2 ikl

EWH HA7LE 71ES 7] F(substrate) 1ol 71AA A S FAsTE FE2F
Wl (structural  thin film)¥ 543 §5A4& @984 He 7154 4w
(functional thin film)& < #H(deposition)dtil X33 HA}(lithography)ed 217+
(etching)®H & ©]-&3to] wpAA(mask)ol AAIE Az P4 2= Azsts 9
o g TlERA A A zte] Thedk SAFTS o8t udd FHY 4=
A Aol 7hsstth. 53] ICAIZE 71w s34 o] $etnR 7] mel ¥
gz gl axs AF AZse] A, WHE AL F Y gAe] gop]
719 mAZbs 7Ee ste ks E o83 WA 38 A Z(isotropic

o wol A

N

chemacal)S T2 Algst= BW vAZFE 7ede @8 2%
L3l Ao AA Wk & o|WA 3}d4 A Z(anisotropic chemical
etching) & & ol&3dto] 7|9 AAE 7Fedte 7ol 7|Ho E¢Es IF
A7 A WA b S d7]8e A BASS o8ty A7hs 2EIAY A
ANA HAGE TRES A% QT

LIGA 7]&& 11 #34|(high aspect ratio) T+FZES 7] el oty E4
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+
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PMMA#ZLS of=d Xy F742% 73 A (thick photoresist)S o] &3fo] =

(mold)E& @AET ¥ A7|=v22 Ni, Cu 59 1L FIJ¥ 55 F2E85 4= W0

sAmoE vholaE wele 2AES 9714 (packaging)dty] AT WE /%S
AEsE 704 FHol Hsd duAe A7laxs) del vlelaw welelA A
A48 AAY AFA O HEE MEMSTEES] 474 A& AF A 273
§ medok s Faw =g nAE 270 MEMSTEENAE o

G ZIAAR] Al 2do] S&H 7] Wl FEstE A W] EAeHA &=

oK

X
o
k)

o83k MEMS 7]&9 582 t}hek3t AA(sensor)®t < Foll o] H (actuator) 5 <
o TES 9% HAHI=E A s 71 ol a2
2 A& 7bsekA H9th. MEMS 7149 ZAde A9 A

A5 7] e gk gEE BE Axe] A0, WG, B0, 20M3E
TEE BAA YAz fol4, i, $4F NG4S FuF F Arke

MEMS 7] vlo]az Z2uH A& E &850 A P, He Al
AT 7es WEA HAZZd FFAA dIIAd g8 AAE AFT F
Atk 53], MEMS 7]#§& o|&sto] Aze wlojam EgvEes 2 d&%F
(thermal capacity)S 7FA+= &34 ¥4 119¥7Z(thermal isolation structure)

o] Aol &olsly 3] 292 monolithicdt Al ZF4S AlEstozM A7tz A%

o] 7hs ket
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200V = V.= 1000V
Anodic wafer bonding
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- e
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Layer

Surface micromachining LIGA

Fig 3.1 MEMS technology
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Optical Thickness : A./4

B Supporting and Absorption layer
Reflective layer
I Active layer

Fig 3.2 A/4 structure of CO2 detecting microbolometer
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A 33 A EW WA A&l 9@ co, FAL vlol2=
2oy A%

E Ao AR W v A 7}F(surface micromachining) 7]&ES o] &3
CO, A& wiolA=z E2ZuH A& FAHL Fig 3.3% 23 o2 o dist 7+

34 dg ket

Ve w AbgEE A doyd ddFer ARSE A Z(SiNx) Hhe

S LPCVD(Low Presure Chemical Vapor Deposition)S ©]-&3te] <F 3000A A%

Tz 44 ayg Fx FdA4E dd AEgE gAFe=z R
(Non-photosensitive) Z @] o] 1] = (polyimide)S AFgstgth & 44 A= A 3

BEel e Jpgor © ¥ g1 % 1 ol IYHE FRAY F
TAS A 1A% B9 Ao Bk £ YT F aeb A

A 7AA BT FE A S F¢IT wEkA AT AR

dest 1 gge o Fesu 043 A A neselel ¥ Fo AEE
e A Z4L A% H4F AAL golstn TRA the Amste 4z
ek aan ge 44 243 5 9 ARt $HH0R Hesolol Frh

Zgolr =% curing 7ol webA HAE} Az 540l A FFS wed
W& 2EoA curing® A =SAT olm =3t oA v]dIte] HHHo] A
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2 7S s o] u AW dd S "ol yjere HAFTHoE S
AA & FzA 9 XA thE (supporting legs) A4S e urdt =Wy AL
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Aol JtsA Se TR A8E AYs: <dxrt ®©r. PECVD(Plasma
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Fig 3.5 SEM image of the fabricated microbolometer
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Fig 4.1 Schematic of a proposed CO2 sensor and signal change on each unit
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Fig 4.6 Optical image of CO2 filter chip
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Table 5.1 Measurement parameters

1273 K

0.4 inch

6 cm

2450 pm?
-3.01 %/K @ R,=20C

42.7 K(at R.T)

500

10 Hz

9465 V/W
5.857 X 10%em HZ'2 /W
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Fig 5.8 Detectivity characterisitcs as a function of the modulation frequency
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Fig 5.9 Detectivity characterisitcs as a function of bias current

Table 5.2 Comparisons of characteristics of various bolometers

Active layer Detectivity Reference
YBCO 1.19 X 108emHz"?/W | Mahmoud Almasri et al®.
VOx 1.94 X 10%cm Hz"? W Changhong Chen et al™!.
Poly-SiGe 7.48 X 108cmHz1/2/W Liang Dong et al®®!,
Ti 5.0 X 10°cm HZ? W HyungKuw Lee et al®l,
V-W-Ox 5.857 X 108cmHZ? /W Our Device
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ABSTRACT

An Integrated CO2 Sensor System Using

Microbolometer

Kim, Shin Keun
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

In this work, we fabricated CO: gas sensor based on the MEMS infrared
sensor and characterized its electrical and COz2-sensing properties.

The fabricated COz gas sensor by MEMS technique has many advantages
over NDIR(nondispersive) CO2 sensor such as monolithic fabrication, very high
selectivity on COz low power consumption and compact system.
Microbolometer by surface micromachining was fabricated for gas detector and
CO:z filter chip by bulk micromachining was fabricated for signal referencing.

By using the proposed and fabricated gas sensor, we are expected to

measure CO:z concentration more accuracy with high reliability.

Key words : Infrared, NDIR, CO: gas sensor, surface micromachining,
microbolometer, bulk micromachining, CO: filter chip, The fabricated CO: gas

sensor by MEMS technique
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