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2.1 1AMl Ho| A &7

A= ol B2 £ - SR 3R] gt A
718, 71414, F34 25 Soz HIAT= 759
22 BA fo2H, HT Ak LdJJr HE
o] Axe] o7t F43] Frhsta slom, AlAae] &
S%oF =3 = gloh AWM AHEE =
7W2AEA AAellE F - RS o83k AlA,
7he) WS o) 83k AN, delFsute o g
s A Foz by 4 ek atel Felol e
A= BAW (bulk acoustic wave sensor), SAW (surface
acoustic wave sensor), ¥F=A] AlA], A 7)38E A, A
A 7k AN Fo= s 4 9lT}(Fraden, 2004).

BAW (bulk acoustic wave sensor)= A2k x}o| = 7}
A sl= 13 19] QMB (quartz micro-balance)e] 4=
o2 VOCHlEle] ghe] A gHtt o 7|4 415
Aol ¥3, LA FEHE el ek w3
WSt el slent, g Aol ZRsdieh Wb
WA Z7)7k 3, Dbt e DAl ek SAW
o4 BAWSE vl Ag Wslel ke s
o] W3l 7R sl SAWE 73 2048} 7o)
Z |DT (inter digital transducer)°ﬂ 7V A= w5
37t 2He 53 o|ghE fr=slal o] W o
BAIE doA 7|He trlra} o] x3hd 441 IDT
FI4 ST AAF A H= Ase] F3t
Wshs ZHA] g 2 s Eke] Fakes W
28 EA o3 Z2AE=d skt FAEH 2
A% B2 BAS WAy 2 whdvle] A
g s SAWE B2 olF F27F A
AL 3= FEEA] o> SAWRHE]S] 7]F

Nsoh FAA o)z 3 Lxads Hasjeln, B

o> o

-l> r1r 8z}

i:3

Quartz

Sauerbrey equation: Af

fo2
Af=*CrT - Am

Af : Frequency shift

Am: Mass change

A : Effectivearea

fo? : Fundamental frequency

Fig. 1. Quartz micro-balance.

fo=433MHz
Transmltter IDT TRecever IDT Reflectors

Piezoelectric substrate (Quartz)

Fig. 2. SAW (surface acoustic wave sensor) with IDT (inter
digital transducer).

°ﬂf‘a}£ %}E} SAWE Zt=r) &
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MOS(metaI oxide sernlconductor) AA= 23 39

Ao} Ze] ZnO, SN0, 5 F4:AHHE uh=A AlA 7}
glom, ubeA mwe) shshulgel] whe £ AT A}

L'

ole] Mg W3z shro) FrEF ASC) o] W
<+ A2 7k NO,, COoll w8l =7t a1, wh
o] WE EAo] glom, BAA FlALl Lo T
St H ol 7L AFHEE Zo] A o]} v
Prdo] Fokta, ¥& B2 Lxvb Bed ol
At

MOSFET (metal oxide semiconductor field effect tran-
sistor) AIA & spehib-gell 23] FET (field effect tran-
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Sensor holder

Cross section:

Membrane: Thickness: 0.8um
Area 1x 1mm?

L}

Electrode contacts

Top view:

Buried heater

; // Sensitive material

PECVD insulation layer

A

Silicon substrate

Fig. 3. View of MOS (Metal Oxide Semiconductor Sensor).

Gas sensitive
Gas/Odour orga_ni /MO
s k‘:{f} - ‘Sernl conductor
Insulator

Schematic for TFT gas Sensor

Fig. 4. View of MOSFET (metal oxide semiconductor field
effect transistor sensor).

o] MOS AlAMo| 9k F&Evl} 7hxel] W3l
8 whihg F71E o] Al HiEkor A=
7b 2 AXE AR 5 e Aol A
A7)t 7k AN RS, 71 EAT 2
AFoz A, Asfdz A9 sleh CO, SO,
NO, CO, 59 7kxg Agx oz AT 4 9ok
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of =&t 7l AT B wel £ kil &
Ashgl Absl 32 28] ubeg doFinh o] wf Ly
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Capillary diffusion barrier

Top plate
Sensor
“Working”
Insulator electrode
Lead anode
Sensor base

Current collectors

N

Sensor pins

Fig 5. View of electrochemical gas sensor.
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uhg o 2 ¢lA % 3 ¢)v}(Chung and Oh, 2006).

A EL ZE A (sensing), 541, A BA 2] 2]
Al 7HA] d7dde Ssle TlEelth A ARE
< A Sl A 2w oo (domain)el] e & 2] 4}
e, 919 Al 714 A7y Hgew 9%
947} ok A 28-S AAska sty Aell Al
Y E T Alawle] AMEEE Aule] Ee]d Ao}
Aulel] A&t AR S olslf sk Zlo] d st A
2EHe 2w qb, A5 2 BF 275l 2
FEolof 3}, Frl2 Amo| 3 wWgte] BAlF
A HAUZY A6 Z 33k uA £ gtk

A ES = Thekst A ES] w oA Al <]
AL Ho|HE HE3tes AAR . 54l
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g
o 225 A4l AmT Aeste] FHHE
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tinez et al., 2004).
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Fig. 6. Basic concept of sensor network.
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Sensor Component

==

Temperature, Humidity, Carbon monoxide (CO),
Carbon dioxide (CO,), PM10 (Dust), Smoke

H/W (CPU, Memory,

)

ATmega 64L/128L, 128 KB Flash-memory, 4 KB SDRAM,
Chipcon CC 2420, Chip/SMA-type Antenna

SW (0S)

==

TinyOS

Wireless Network

=

2.4 GHz ZigBee (802.15.4), Low Battery-consumption,
Short range Wireless communication, De facto standard

“AA”-type Commodity-battery x 2,

Batt
id (Sensor components require additional power)
Fig. 7. Architecture of sensor node.
Table 1. Characteristics of OCX-Z module.
Sink Node Part Specification
CPU ATmega 64/128L
SDRAM 4K Bytes
Flash Memory 128K Bytes
10/100-baseTX Ethernet connection RF . Chipcon CC2420
Security DSSS
Power consumption RX:19.7mA, TX: 17.4mA
Transfer Rate 250K bps
ATmega1l28L, 4 KB EEPROM Antenna SMA type
128 (+512) KB Flash-memory
4(+32) KB SDRAM
oS v 2e], 45418 913 RF (radio frequency) 522
in
Y FHE A xS} wEe] w2, gleels, v
ES= Fejel £33 vl elElE o]l (ethernet) o2
AAshe 4L sk 17 89 Az 749
2.4 GHz ZigBee (250 kbps) o} (Wilson, 2005).
OCX-Z »%&-2 MCU (microcontroller unit) 7]%-
S, 2 101 e 25} o] CPUE Atmega 64
DC 6V External adapter 128L, RF:= Chipcon CC24202. AlA] =t 72 9ol

Fig. 8. Physical architecture of sink node.
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Fig. 9. Concept and simple structure of sensor network server.

Table 2. Core technologies of sensor and sensor network.

Classification Core technologies

Power consumption Life time maximize by low

power consumption design

Cost Low price and maximize
monitoring area

Calibration Self calibration

Flexibility Flexibility network topology

network server: SNS) 2R AlA =2 e
3] dolE] AF 2AEE Aty EAIgH
A=A A7 HH o= geEE A%

A B A EYF HA7|ErE
Bhd A} o] A A AA,
714, A7} B.A (self calibration)

= o
°o =

3. 7|9

AT

ol
0%

3.1 JAMIAT|E&2 oA
Aty AF7HR] A7)
2] (CO,, NOX, SOx)el] =3t %

Z
4
3 oleh A At ar pEdRe sl

&

Az Ao QurAel mzasglent Hzelx
A 71 o) gstel BAE Axee Ze

A 27} F438) AAH 3 9lok(Huaet al., 2010; Choi
et al., 2007; Malyshev and Pislyakov, 2007; Guo and
Pan, 2006; Yu, 2001).

k2Rl e] AgaRe W= (AE3Ee] e
A ] d e okguu} KR ubweAl AbshE
o] AEES vl2 A ¥k=A] u|A) 713 (micromachin-
ing)71&% o] 43t vt - Fddor 4xpo] wlo|aR
3}, oFAEs}, A3}, 17w Wekow A3 9f
o 2= AXNE AZE7] 9)5te] v Abe] =9
SnO, whehg ARS8t 7B 317} 9l=d] (Korotcenkov
and Cho, 2009), Zv]§] uhate] Al zuby-2 7|39
polyimide, teflon 5-2] $-714] Ze|m7} A E7]S o]
FE5 Fepzvl o A5 v, 1 $lell Zn]|AME
SO, kg ASER o2 Al 23t o9} ZEe] A
25 AME ATtz Age Hloz oA
alek (Yoo et al., 2005).

wat, 2418 Al o aEEE 4G Fol7
e wAZFE e o4, 71e] MR ofld
Al Zkste] Ato] H 2 A 23 vle| AR AN =
¥ u} 9lo}(Choi and Yoon, 2004). 3ol & et 4]
71, nA7FE 7%, WhEAl AlzeAe] 13t Sl
gl EHAe] WIS o]43 Alrel MOSca
pacitor (Soo et al., 2010), MOS FET 3] (Dai et al., 2008)
ol A8k A7) APH 3 gl

o

i
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Fig. 10. Micro sensor based on MEMS.

Al/polysilicon

cold junctions Analyte Polymer
o e ,_._______I 53

o

£ [0 | | -“‘?‘_'-
p-substrate n-well r \
Hot Dielectric
junctions layers

Fig. 11. Semiconductor type sensor.
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o} o] ¥ 27E WHAA F= Aol A=E A=
£ 7vte g 3= MEMS(micro eectro mechanical
systems) 7124l o]ek. MEMS Al 234 & Ale)2 7]
B ARAE £ A% B olgatel nNT2E
& whee wa v, 2ebwbge) XAl AR 7
F4E o] 43 32 dF 74g7]1E< LIGA (Litho-
graphie Galvanoformung, Abformung) Z 24| ~7} 9}
o} vl5 Sandia 5 dF4elA 23 109 el
MEMS 7|uke] wlo]=2 Are}l 7], F2}, &=, 4l
= A2) R A Fol /s 29 119] 2nke A
A7 Fwaka 9ok

T AEE A Qe FEHIAM e 7)E e B,
A B Aete} AN 1l Az A2 Rrt st
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Fig. 12. Micro sized smart dust using MEMS.

2 Sandia = A FA0 = MEMS 7]4Ee] mle]==2
AA Aol AZsh 9, BN AL =7)e)
A 24 BES /Pl olF B8k 7S Al
3] Z=o|t}(SandiaNational Laboratory, 2008).

5 MEMS 7]4ke] gefgt 37 Alx ol IT 7]%
< 7o AAZE 37 FHA] AMV EL =9} ZHE
& okl H857] fsirE A AXEe] &

o

s}, A A, w2 215 X2, AX3 /e 5o A
& ZHFolof sz, WkmA| A o] 71 ThsAl o] ¥
3 & 4 gJo}(Pak et al., 2008). 121} 24 Holo
webr] QAL HlLo] FrjEte AUl e FHE A
Soll= FEA ey} mlelmz AR V|| F8E
N, AR A 7)E AEe] FAE BH Z7kE A
A Hell 73] 7 Aoz Ak

3.2 MMUIERF| AT S&

A A EH =] 2E S 724 HFt
EF3L de] AdEH T ot 2ukE KA e} #A
¥ :F3H IEEE14510] o5 o]t} AlA] g} ol Fof]
SECILSEEES VIS EOEREE RES-SES
F3hsha, Aol gte] AAE folal shel E2N
Z o] (PnP)2} #A, At FARSG 75 AT
o =Zxe 3t} |EEE 802.15% 7jQleidRAE
(WPAN, Wireless Personal Area Network)el] #3F 3.
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3}o]d}. IEEE 802.15.10] B-2E (Bluetooth)el] of &t
EF3}o] 3, IEEE 802.15.4% &2 AAHL =
2 3k Zewges] @4 AMYENT 73 7}
4 AFY FA71E= Q=T ek 24GHzel A
250kbps, 868/915 MHzsl| 4] 20/40kbps A =2 &=
WH MAC 3o} AZ77] sl=slolz F-8=ojld,
ZigBee:= |EEE 802.15.4 &2 t}okgh Alg]-$-8o
A1) 918l Al FQ] BFelH, Zigbee Alliance:=
IEEE 802.15.4¢l| 4] A2j® E=|AZ3} MAC A&}
tEe] YEHZ, AFE, 38 AF7HA 2E3}et
3 9l

T-Engine2 TRON Z=2AEE wE AlFEe} A
ol oalA] 20024 6¥el A= len, mFs3}
D HIAE S EFHES ATEE o] Bt T-
Engine< Pico, Nano, Micro, Standard 5 % ] £5-2)
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< AlFgH. o]9fel= wZE], UCLA, QlEll, g
2t FollA A7 Foll =k SHelM = ETRI, KETI,
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T Feloh
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oriented Systems) & =10 =& wekt wrel bA
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dhs 2 Aol MICROSSE 2974 AlAE e
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A 347 Relell A 7]E 371" RUEEe] A
= FE3P7] slsl A AV ES S A48 A
g7} B35 v} Q). Park et al. (2006)-2 |3} A}ol]
Al A%3E A EYZ 7)&L 083 Zigbee 7|
uke] A AV EY S 7)4S F4E HS 7=
718 ZUE 9 Ro AlAEle] FAJe A2 H]
fo] a1, 54l Aelge] MAA7} Hejsle] =47
HEHZE 7AE 4 ok Aljkside) w3k MIT
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B AX 9 AMES T Rofd] T dFFF 221
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Fig. 13. iBadge by UCLA.
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Table 3. International company manufacturing with gas sensor.

No. Company name Sensor Location Website Target market
1 Shenzhen Dovelet Sensors CO, CH, China www.szdovelet.com Worldwide
Technology Co., Ltd.
2 Hong Kong Diyatel Electronic CO, H,S, NOx, Hong Kong  www.szal coholtester.com Worldwide
Corp Ltd. combustible gas
3 Nemeto Co,, Ltd. CO, CO,, NO, et al. Japan www.nemeto.co.jp Worldwide
4  UST Umweltsensortechnik GmbH  CO, NO,, CH, et al. Germany www.umweltsensortechnik.de  Europe, Asia
5 e CO, SO,, VOC et al. UK WWW.e2v.com Worldwide
6 City Technology CO, SO,, O;, NOx etal. UK www.citytech.com Worldwide
7 IMR Environmental Equipment, Inc. CO, CO,, CH, et al. USA WWW.imrusa.com Worldwide
8 Figaro USA Inc. CcO USA www.figarosensor.com Worldwide
9 Futurlec CO, CO,, O; USA www.futurlec.com Worldwide
10 FIS CO, O, Japan www.fisinc.co.jp Worldwide
Table 4. Domestic company manufacturing with gas sensor.
No. Company_ name Sensor Location Tel. Target A”r.‘“f"" sde
(website) market (Million $)
1 SENKO O3, NH3, H,S, H,, CO Gyeonggi-do 031-492-0445 North 5.0~10.0
(www.senko.co.kr) Ansan-si America
2 Sentech Korea CO, LPG Gyeonggi-do 031-8071-4400 Western ~10
(www.sentechkorea.com) Goyang-si Europe
3 Koreanew ceramics Hydrocarbon, Gyeonggi-do 032-346-0188 North 1.0~25
(www.newcera.co.kr) combustible gas Bucheon-si America
4 Sung Jin CO, 0,, H,, CO,, VOC Busan-si 051-818-4957 Eastern ~1.0
(www.sensor114.wo.to) Jingu Asia
5 Hae song O,;, CH,, NO, CO, CO, Seoul-si 02-578-2347
(www.gassensor.co.kr) Seochogu

Redtimee OS)E 7slgdt). & 3¢l 7F2AIA] 3=
=2]7154 & e 0o (Etnews, 2005).

4.2 2

A B EXA Y3 (ICU) A EY T el =
APA FEo] o deFE 7Nk el AA
HENZ A28 Z2eelqle AEglen, 13 37
71 F7ke Al A7) o] ThsdtES Al
o} &2 A e 29 o]F F2E TS

2ol a ANV EYA A4S UAV (unmanned
aeria vehicle)s -g3te] AFstaz} 3=
of Aejel BA] MM =g guksle] HAX Ao F

=A45)

st F, A 2AE vt SAT delEE A
=5erE 235 43 ATz nuse )
=9 7R L8 T Eolt) AR A7) AAS o)L

stel ekl olF & AT & ek
KAISTS] wlejgn Q7AEl: wla QA gma s

T 718 G3A] A 27 A A28

ele] mlo] =2 A (MICROS: micro information and com-
munication remote object-oriented systems)=- 7Y
o}. MICROS: Z=Aukst =7)6) 24 o)A} ulE]e]~7}
A4d Az S48 AHE A3 75 eze
4] AFE THA A TR 22 Pk
AV EYT] B4l eEHE BRI vk AE 2
7he A olstz di= A} Bge] F%3] 7hs
3. MICROS7} Al F4 WEHZ 7|55 &
43P 4 gleo] W wE IAHAAME, I, 1t
B 5o 4% EEEE R A2 4 ok
E*l%{bﬂr 5414l MICROSE H-2 (AH])s 7
A, 34, 3], B53} (actuator) HF-E st 9
A VEHZE 72 S5 5 Qo
ETRIG|A = A5H el FARIAE 9]3te] 20044

J

>

B A EY DS 5ol 4EE AT A4
e FEE Fsle] 423 AlalHe A7E >
eha oleh WA ZokE F A4S 71E PLC(pro-



grammable logic controller) 7]¥ke] E| &
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