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Abstract

TaiddanostruMeuaks o
OXl1 des and P ogeMeaetcetriive

Chemoresi sti ve Gas

Jun Min Suh
Department of M&ngiinalksi 8g
The Graduate Sc

Seoul Nati onal Un

The devel opment of gas sensor technol ogi
| ow power consumption is one of the most
to real I i f e eirny tthhengl ntleorEnNetercaf. EAw t he | a
been mimicked by any electronic devices
human sensing receptors among human five ¢
taste), various efbortsnosedwivehopgiasg selne
extensigweélny. oMl t hough various gas sensaor

to mimick and electronically realize huma



gas sensors are the mositn cabppkrtediperiira tsei ntpd red
operati ng, emesc/h afng lammid c astmiad n size which ar
requirements for |l oE applications, not t
properties. Still, lacking gas selectivit:

to be overcome and vartedsfoestrabkbygiag hhee

such as i) forming nanostructures, i)
heterojunctions, iv) wutilizdinge ngliz@panlat i v e
materi al s, conductiwnwer pahiyanekwsg ki bd s Jpe gani
utilizing alternative activation sources

This thesis contains various strategies
consumption of chemoresistive gas sensors
mat esena@l udi ng metal oxides arfd MbDrsglnhsei t i on
nanostructures of s emi c osnidguncitfiincga n mh v e reina

utilization of surface area in a |limited

I n Chapter 3, as eaQieesoft ot hiempvwraorvieo ugsa sstg
chemoresistidé mgagil@deambosrtaptiglpaer emdt al oxid
havhegerojunct ntoynpe wing thoa héiedt xeiagdoejeuf n(cNti iCo n s
andFgds) mtrype metp@phetxé rdejouf (2 a nodn 3NiaQ e
presented. The mul teiswlfeort meltadt nxnide spraag |
to exhibit unexpected gas selectivity to
resul t, each heterojadctai pmoekpéengmgratalsle
tol uehsle drCd bedyz ewniet h( @ he extremely high
These i mprovements can be attributed to i)



catalytic effects of theiewl bayedsmat at he:
each heterojunction, and iv) interesting

orientation after forming heterojunctions.

I n Chapter 4, as one of t hhe gvwameirous st

consumption of chemoresistive gas sensors

met al oxides, which do not require high o
Rat her than relying just on the -high sur
t emp e rpmeruatei oon, 1D nanostructured templ at ¢
full advantage of 2D materials in a |imite

WSand :8a8e synt hesi zrealn orno dsh et elnbp 1SaitCe . As
strategy, catedadynoOf adsi were treated with
process using a chewnvbPyat emapdhedépostitsbno
extremely sensitive and selecgtiatt dedmct |
temperatur e, whia hmaocraen exep oastetsr i ebflg &@MDst wh
grown onmndir@ds template and highly porou
study resulted in extremely suwemddrtitviee an
extremely humid conditi on tattr irbowtme d etmp err ead
hi ghly dOmbnadi ng ame@ear ods Swhil e securing
binding siQeanéblemMdteteen sHudnfanroirmels SmMO@® pr om
NQdetection even at highly humid conditi o

In Chapstewomné&, obus het vatregi es to i mprov
consumption of chemoresistive gas-sensors

emitting tdooecdat L BER) heaters have been ad



been various «aepovtsedngtalBe slkeinglotr s, no st
on hsey st emat i cdidneesnisgino nafl 3 3 D) nanostruct ur
advantage oh bhghheisemdcabhdocting gas ser
oft heeut hor 6s knowl 88dDgelnd@®hasthict sntagdywer e

usitnhgeal bot effect of phasedenpisfka biargilcta t teldr o
photopol ymer t hien aftiolmm,c dmd esude®Psiivt i on

structur al effect amanoptroaat ueéseon ohe:
properties hwaivteh -tfeiénhietseedmodread thi (e DTD) si mul
As a result, extrendeltycdémdi toibvodhOa rednpee lad
under-viudlteta ( UV) LED i rwha dcihatciaonn bwea sa tatcrhiil
systemati cal | yn adneossitgrnuecdt udrDd sT efloaddr eenfhfaenacteimee
under | ight il |l uminatadaootni.v aftued hgeasnogens ivi

have been demonstrated thanks to the high

Key wo rMilest:a | oxi de, 2D materi al , Transitic
Nanostructur e, Heterojunction, Chemoresi s
Room tempeiSat ece¢i vity, Power consumption
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1.1.Scope and objective of the thesis

For the | ast decades, a dramatic develop
unrealistic enhancement in modern quality
the I nternet of Ev er yst hhianvge (bleoeEn) reerqay,i raeldl
smal | size and | ow power consumpti on, n
perfor mance. Therefore, modern people are

sensors and get provided a bunamcafi onesl.pf u

The input variables for the developed sen:
from numerous sources in varied conditions
can be summarized into mimickingetive hum
and . Aam®shg those five senses, touch, si ghi

mi micked by cutting edge technol ogies and
i n moder n l'ife such as touch screen, i n

technoé¢wsgeesivel y.

Whi |l e t hose three senses h aevec eleaedé m g mi n
performance over receptors in the human b
not yet been e xwieseed ebdy pceurfrogmtansensor t ecl|
there maeprobmeus efforts on the devel opme
|l ack requirements for the real applicatio
| i-ddkcopt ed three senses. For exampl e, t he
devel oped byi asle vceornapla niinedsu swirt h good sensor
size is far from a portabl dhei zsmedhdsreatih

or the gas sensors are the farthest techn



senses from reaheapplciomapt ieamtgueént achi evi
|l oE requirements at the same ti me. To ove
extensive studies on various -gasedega9or [
sensor s, acoustici wavgeagaseBnenss [l st henamame
optical gasfensotsanbisldi ca@asassesm®RNCGIOS S, C

state electrochemi chdsagdhsgadFEngd)f®drior el e

Al t hough many Kkinds of gas sensor princi
suggested, -btakedelgast rsiecnaslor s are the mos
considering future applichtisens giast eselnsBrc
al so ccahelneodr eassi sti ve gas sensors since the
electrical resistance upon chemical adsorf
The cheiwmergass stensors have simple structur
and | oWheysar e sdlzead samalwWicempati bbge el ectr
circuits, which are al/l the requirements
struwitsie eadvant ages of chemoresistive gas
efforts onyl awmds dli gt ipwiwer consumption. A
other gas sensors principles having stren
each of them has other critical di sadvant
in either f atbiromat oon Pows islplacbasi i ¥t egi es
forming nanostruct ulftelsi,iii)i )f eaamiddiy shvet are
utilizing allt'@ér mativhe umatlevaitanlgsn ds‘bercasi

(Figr.e 1.



I n this thesis, various nanostructures of
oxi degiaredsad onal materials will be fabric
gas sensing performances. lirsi asced igtaiso s,e nesa
(wgassel ectivity and high power consumpti on
strategi es: i) forming heterojunctions (
materi al s (Chapter 4) and activation S
nanostructiunr eesacrhe aclaiszeedpr ovi ded a maxi mi ze
active area on the electrode substrate fc¢
Al though i mprovement of gas selectivity

achieved at thedsemeptiementadthe shis the
combining above strategies are certainly
devel opment of gas sensors that overwhel m

mi mi cking human five senses.
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