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1 INTRODUCTION

n Monoxide (CO) is one of the most important gases in the field of sensor
ology. This is because its toxicity combined with its properties of being odorless,
less, tasteless, and nonirritating to the respiratory tract. Attempts at detection of
date back to the famous French physiologist, Clande Bernard, circa 1846." who
d experiments with CO poisoning dogs. Small birds and mammals were
for decades in mines as living CO detectors. CO has been called the “silent
r,” the “stealthy-poison,” and even the “smart poison”™ because it enters the body
out notice and leaves so quickly with little trace. See an earlier discussion of CO
tors by Kwor in Carbon Monoxide Toxicity, 2000,

Today’s CO detectors/alarms are small electronic devices. Such devices are
led in homes near heating devices or in garages where sources of CO such as
nbustion burners and/or motor vehicles may potentially pollute the breathing space.
sufficient level of CO is detected, the device audibly alarms, giving occupants a
ince to ventilate the area or safely vacate. Unlike smoke, CO is undetectable by
' unaided human senses, and hence, people often find themselves in environments
uted with CO without knowing it.

251



SERSCHE TRECHMOHOGIES FORE CARBORM
MCHOINIENE GAS THTECTION

Fear ol iy zas alaimi el e wig - Fedrinaan ihe wmsnn. Tlee s (s
| P LN el e oryeEis e e redd ool irdaae ol incal '-I.!II.‘ r-l'|'|"'.'.'\-'\-“
RIT ORIETEE WSS Lo soiiea) gas Hiwner, as crel, wmos aml "';I"1'|'.'|:' a
wrnan alwibides, three realn sonsng bechnchges b doirensied Josmies
i Thews give

I arimgy b ivwal 1PHE, (b ir-lalbaless of s kléihial, aall-imained 15 al
girss rpelly in ke Uirmicd 8ales This fare o sl ol fee gegilablin i les
CUb slanrs, nerkciieg compuapris. odieslive ceiiquegeis e e Avisy woid Dig &
cmdiim el mlvinmmy Py e LU Cimicai ey Prodams Sy Codrdnieciis io |8
la 1PFIS, Chikmee was e e s cpalicy i ke Lipdigad S oo ifeelais
tlkrms i ol sl mel midlipe Tty Boiberg. a0l in aoie? opaasd ire laelil
st o wdemds, chrckes, beakeis. micdieis. By 198, apaaeaias® il
il loed Bec diigiead el i sl B0 5% ol Boares el @ e oee © 10 sl
st el 7

L0 il worvies ooy wea il Tow SO0CSE0LLE b are wiicke Iy evailahi by, cimd vomi ool
Banery-apeimel o AC § il e b posssadl Ceher pakes sich s aseai ki e
Fed lirdvrd Chiecagn  dckness ld g g OO peidaaming @= & preerily e Baee o
slale B radidion whedi sagisn= OO ddecines |n e Sich fopiea fote b
rogiirs] 00 e prSiniTeet Slamdals dmch @2 BS EN 2] (LUK ol Vi geii
204 S L and CSA G- 19401 (Canadal, The Com el gn seamdand Es Moo digi
B mipeiiid in B rediires “tise of manifaciers arad 1250 far 1w roliaksling
an camgike. te Hiildfi-Eimrpen Jaielin] mjidnes domeso U0 fanm ke
m e Fod hieaing way

e nducing maial cade ISMO) edbinlogy
Eksowrs bmmical |EC} dechmbapy
lifa reak'rptical echaodogy (5}

1 pos. vy wre cusrendly e smalkes CU) s ovaibible. These s
g snall hernd cloneal, camiag reduciagiasidizing gass k= escl wilh

of a reial caide Tikn, changing the smsordscion's condsclivily @ngs
i e o comenation. Elamochemical gas spasar hove diecinides pla
1 with a liguml elecholy®e 1 fomm a8 Plecirockermical servae As (R g
o pesch wilh The #aarkiig elecrmle, chemgirg iin eleoreal preminl prop
w0 e pe covmalnlion. And thind ane 1K sson, wiere Lhe oplical wad
underpees ligh! tromsmis ien hanges whm mepeed in the lagd s,

e Ll compare e wheobagios spend wven ke domor devi
Dame=dic C0F alams Felomasily smpliop sther the scrmiconedetiog
berreid sefsor. SeEmlooidintor bemed 0 senser beres prrectrated the ma
cormprmics such i Figare (lapani e bl (WS (Saieslawd). @
w Some Eleutrodhicimical seessr mamubaciores mehike Gy Tedhaolo
i Blusa (UK L @i Kidlie (US4 Opiical OO s boes boci givessd
USaL For veliecle cabinar qualry meniiemg naalel witin te HY
ol vehmdes, @aeal salids wemar= have domireder] o ey ane siill, BEy
liletime minl (e peachinolingy @Borws. o the sorsr clormenl b D odneeiie

P b B¢ ik 0 el 0 3 i 000

Al wiithdn 20 mila, e s ks 10 misn, @0 P30 ppam L0
Al within O min W 190 L L] [

Hasis iy firam thee @lEme: s @ iliie 6 min 0 ohas s

filllragh hess desdgn dnmlank el p a8 g Eerchanark for perfsmeees, 1l y
fue sy e degnae 1o whicch Gharmis (Tl imeRneen sheir perfanmesss, awl
beae s b v D00 ol L rsoes m o b ringg. necd rerosss by e Bl sl
P el sy s bovas b mabaliny sacas e o prvd ke i oo Falid o peramem, cle e
s mpdeh g TR o alanre Taiked when cosigd 3 59 P aead them 3 o ke 100 T
el worrbedd well”

Chaer than thy okodrestis mwasd i CL)F abema sncdiber amgoatzam LAJ wonsl
At i wEE) Bas e B E penel corelirlse e s v hele calime 10l
puilkipann= fimil ieir wery i ik cabdn @ ph the sorels in sy, alan s
U Becamai, vaamt b o, ol o o] e i f H W T ey e, Bl pam ol e e "
b sliidam T vl b i i cramininnly abind: CORCRITERIEI BS Il Hes i gas- a i |
CE Bderszarbenane {1, snslzani be o commipamanks f LR ) e oo e i netng

TABLE 1801

Comparisen of Theee CasSensng Tnchandogies with Beqiect 1o
Desirable Carbon Momoside Domestic sl Yelicle Al Quality
Mtenilnrmy; Ol ria

IR, bz berdlan salony bims spd by Llcoa peatioma | edaiy d. Heal ik Acdrmanedosis Tririn iedra Erd Cival MectroesHmreal W e
T A andl Wiark] Heslh | rgamosdinm | WHEY Aumedig (b sy of muire Ll . TS SUET i

in vplide ouliiia grsas, DN 0= ik moed dasdy polae. |E = o e subpnd § Lik i FFris o, p— sl
i i iledl st aira T rrasr-veh icle calen air qualey and arcskes e s e T oy pacd S |
COL™" O i 2500 spickden episiered for the vear 20T in Aasiralia, 416 el Rkt Frcxl kern ey el freasi

| IR aledd FEnin i ivl mendir-wielieclp axhasn _!:I'.l.l-\.l"l'l'. irdarsianidmg ke pa.de Boypras pre | PR e S b
beim ol U1 pailimsi e & ehiis seliiclo cabing, 100 sensar e veksey can B ek ol 5o Vicham Whedud Spmi

in cEgEeasl b ibingr, Sev Chapior 5 of Cirlon Morsaioe Ty, J0E, &2l sl oo it sl Favike Figs Fard

.'-._-1- sefin | Loriek@ipacd discesaim of thiy s




es such as NO; and Oy, This allows lor detection of gasoline poliution from cars
| motorbikes, and diesel pollution from diesel-powered cars as well oy trucks and
sses, The Si based sensor chips (Figure 10.1ay are bonded (o either transistor outline
() puckages or SMD (surface mount device) packages. Figure 10.1b shows two
lisor chips on the same housing developed for the automobile industry, capable
detecting both CO and NOy. Typically, the sensor is integrated on a printed cir-
bt bourd with peripheral electronics and packaged as a CO alarm for domestic or

optimized Tor varions WX gases, However, Tor altermarket vehicle CO detecton
optical sensors from Quantum have dominated.

10.2.1 SEMICONDUCTING METAL OXIDE (SMO) GAS SENSORS

SMO gas sensors are relatively small, reliable, durable, and have low cost. Traditin
nally, the major disadvantages of SMO as gas sensitive devices has been their ook
eas selectivity, and the influences of humidity and temperature.'!'? The introductiog
of noble metal catalysts (such as platinum and palladium), filters (activated carboily
and modification to the SMO microstructure and nanostructure has enabled & M)
sensor manufacturers to improve selectivity and stability per'fummncc.” For redis
cing gases such as CO, molecules react with adsorbed oxygen ions (from ambient
air) on the surface of the oxide. The adsorbed oxygen loses its electron by reacting
with the reducing gas molecule, thereby increasing the films conductivity. A simpl
model consisting of three possible reactions is shown below!*! H

jumobile use,

200+ 0% > 2C01 +¢e~
CO+0 « COz+e”
CO+0? «— COs+ 22

From this reaction it is obvious that a change in ambient oxygen concentralio ER I
will also change the rate of this redox process and influence the output signil o
the sensor. The relationship between film conductivity (o) and gas conceniration ('8
follows a power law that can be described by'®:

a = k"

where k is a measured proportionality constant unique to the film/sensor and (he
exponent n can range from 0.3 to 0.8, Owing to this intrinsic nonlinear semicois
ducting nature, linearization circuitry within hardware/software is usually required;
In addition, Tor the SMO material to react with a gas, the material i1s elevated W
temperatures between 90°C and 250°C enabling the reductionfoxidization process (i
oceur, Elevating the sensor to high temperature requires an integrated heater circuil
10 be fabricated below or adjacent to the sensing element, Owing (o this high tem
perature requirement, SMO gas sensors require relatively high power consumplioin
Traditional SMO sensors fabricated on alumina substrates typically consume above
350 mW. One way of reducing power consumption is by fabricating gas Sensors usijg
athin Si membrane as done by MiCS in Switzerland. Power consumption of the MiICs
sensor is about 30-50 mW. Typically for detecting CO gas, the sensitive film matcril
used in SMO sensors is tin oxide (Sn02). Other transitional metal oxides such i
tungsten oxide (WO1), indium oxide (InzO3), chromium titanium oxide (Cr2Ti0) ]
fabricated at a thickness between 200 nm and 10 wm have also been shown (o I
effective CO sensing materials.'’

For automobile air quality monitor (AQM) applications, MiCS manufactures duvil
clement sensors for detecting both reducing gases such as CO and HC's and oxidiziny

RE 10.1 Photographs of commercial CO gas sensors. {a) The MICS Micro-Electro-
hinical Systems (MEMS) chip 2.1 x 2.3 mm. This chip is made up of a thin 81 membrane,
h is a micromachined silicon platform that includes an integrated heater and interdigital
sdes. The sensitive layer is a thin (about 200 nm in. thickness) metal oxide polycrystalline
N (b) Dual MiCS MEMS chips mounied and bonded onto a TOS package. These sensors
\ised in automabile applications to control the HVAC system, (¢} The FIS §B series sensing
nent made up of a platinum coil heater (as shown in the inset) with a sensing platinum
Wrode in the middle of the coil. The structure is coated and covered with sensitive semi-
Nelucting metal oxide, tin dioxide (Sn05). The SnO> malerial is made up of many small
l¢les in the size range of submicron 10 several tens of microns, (d) The FIS SB series sensor
pkige for integration within CO detectors. These sensor structures are encapsulated in nickel
tel brass (as shown in the inser) with an attached active charcoal filter and then enclosed in
puter plastic housing. These sensors are typically employed within domestic CO detectors,
Burtesy of MicroChemical of Switzerland and FIS of Japan).
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