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ABSTRACT

This work developed a biosensor for the measurement of ethanol gas in the
air. The biosensors were synthesized by mixing signal layer materials containing SiO,
and polyimide (PI) substrates using the enzyme Alcohol Dehydrogenase (ADH) and
coenzyme Nicotinamide Adenine Dinucleotide (NAD™) as a biosensor. The electrodes
were coated on biosensors by DC magnetron sputtering method for test the response
performance of the developed biosensors. The ADH/NAD* was immobilized on the Ag
electrode by Glutaric dialaehyde 25 wt. % cross-linking procedure. It was found that,
our alcohol biosensors can be exhibited sensing ethanol gas at even low concentrations
since 300 ppb to very high concentrations up to 1819 ppm, response time 3 s and
recovery times 1-2 minutes. The biosensors showed good sensitivity, selectivity.
Furthermore, SiO, substrate has excellent, which provides significant advantages for
wearable electronic device that compact, easy to use and reduce direct contact with
alcoholics. In next generation, module alcohol biosensors for wearable electronic
devices can adoption to technology in sensor development and applied for further

analysis of other substances.

Keywords: Alcohol biosensor, Thin films electrode, Alcohol Dehydrogenase
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Tuannazynaaiifisniaw wavnsituegiuiusmafisesiiadadan aunen
nanaanulAlneAsunansaanngalng Ssazinfugussavsnminbudvasnas
\@fiesiTrere1989n19RBLaNBI AR MR (Wang, Etienne, Quiles, Kohring, &
Walcarius, 2012, p. 111) UAZSIMANAENNNTUNINUENAINF198DNE (Afa 7 T
finmeing (Mullor, Cabezudo, Ordieres, & Ruiz, 1996; Santos, Freire, & Kubota, 2003;
Sprules, Hartley, Wedge, Hart, & Pittson, 1996) snsinaulaidantidan 2 «ia (Hur
aanaulnaanted (Si0,) wazwadlalud (P) Banaudaosauiimiulanzann fid
Andaslags NaRaUaLeILaznIaRUiaLEY dansanseduFudanudinduae
N'ﬁ(ﬁlh (Kolmakov, Klenov, Lilach, Stemmer, & Moskovits, 2005; Jin, Park, Kim, & Lee,
2012; Park, An, Ko, Jin, & Lee, 2012; Kwon, Kim, Lee, Chin, Seong, & Lee, 2012)
Si0, fiflsfiRanAn Tﬂiqzﬁmﬁﬁgw'guﬁwL‘ﬁ'l34mﬁm@‘uﬂumﬂmﬁ”ﬁmﬁmmﬂﬁmqmu

‘ﬁuﬁq&i@ﬂ%mm@ (Sun, Liu, Meng, Liu, Jin, Kong, & Liu, 2012; Kim, et al., 2016)

1
g A

uay Pl faouanfidunefiwmesnfilssaninings Wesaindaomatiasmiaed

1 1
aAa A 4

AITNIDU WATNTITRNETIRNAEYN AINLTILTINNAGS uarauIniiEadals o



ﬂ’]iﬂ‘j?&ﬁqﬂﬁﬂ%ﬁ/uﬂiiw wnsrasulnlasdi@nnseindfianasie (Tsai & Huang, 2006;

Haixia, et al., 2019, pp. 22143) uazawudn Pl fnslfeudumsiuaniunngsia

1 1
aaa o

wonlonsl ilesannfipanaasdiamaniifiduazfifidensi (Ghaemy, & Nasab, 2010;
Chou, Kuo, Chang, Yeh, & Chang, 2010; Jiang, Liu, Wu, Li, & Jin, 2006; Jin & Ishii,
2005) wpnanisntiadentidanes (Ag) Widabiiidesenn Ag ﬁ@mﬂmﬁ’@]ﬁﬁ
AanEangugs fnnsiindia uazfinoaTselags (Kim, et ol., 2015; Kim, et al,
2017; Park, et al., 2016; Choi, et dl., 2015; Lee, et dl., 2013) HANNNUNIUFBNITAR
sauagTiiuatnaunanas tnda At pnsdaneuuazansiganudans (L,
Ding, & Yang, 2019) Ag Aflmansmsnyanansuyinsn e tiin

Faih fyinadeRefirnnanlafiasimun lulamugasdwiunamaiafiine
nupafisanlailugunsaididnnanfing annnsduialnensstuifn n1stngzi
waisa uarfimmgnadudafisudurdnsmaeinuaanasadainanniala 1. 151
Fonl¥iasusunanosed Ma-3 iugunsoliuuuudsfianngn 2. Uaziuguaga
weansgad (UlswmpidmiurnldiugUnsolBidnnseing wazidandan 2 1in
amsuliniulnsssdeiudymnonssneulldng Sio, uaz Pl nden el
ADH Teeniless? NAD* ifisluloiasaan? sasunda Wi Ag Tne 38 DC unnfingon
atlpme3s uay 3. naauUs AN TMNANIRBLAWDITBILeANDEas (LlBIune s
Fimunaia 2 dansns Taud noga Ma-3 usanesadlulousuens funega
waanaged ulaimueasdmsuaalaligunaciddnaafing dmduguauiiion
arnsmiiuszgndlivdasasanlUiaUnsodidnmasindiaosldFaiad 4

vaengaatasziansEeinmningw o sell [iluwewan

a/

naUseaIR

9

1. iadaasnzidanlassadiudyanusznauléag Sio, uaz Pl lag

Wanlad ADH uazlaenlnd NAD* Wiululawgas

-3

2. NaNAFaUUILANBNINNITABLAUEID LLﬂ@ﬂﬂﬂﬂ’éﬂUT’ﬂLsﬁ'uLsﬁ'ﬂ‘jﬁ

o =<
WEHHTUN



ﬂ'z'mag;mmmlmms’ié'ﬂ

1. WmmuazsyAvguenausanssed (uls s sdmsusnlaly
qunsniBiannseiing

2. panadainenuea Fiugaegomgindne n19inanzinasaniia
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4. Tﬁmﬁmm?ﬁ LAHAITHARNA WIS NI URIN

ATHAAYABINTITITE

1. WmmuazsvAvguenausansses (Llswusesdmiunsaednfine
e upafiaanla (A ugUnsaldidnnsedind
2. WinynAss TumansanuAnAandrisanenanes tuanendnsing o
v A A a & a_ o o o ' o a ¢
THun Faedt ldnnsefind sszgndlilunsimmnsessanoaifuosian

3. mmiaﬁﬂfm‘i:ﬂﬂﬁaf%w’%‘ﬂﬁwmsfum‘a‘mfmiﬂmiﬁﬁmﬁu

ADULARUBINISIFY

1. Yanlasasndudyanonlsznaulisiag Sio, uay P Hiawlsl ADH
waz Tl NADY Winlulomines sBeundaliin Ag Tnedd DC unnfinsaw
GEN

2. neRpUUSEAVBNMHANITRBLAUBIesuaane Bad (Ul imua i
WaHZU

3. WEIUHUNAN1TRBLANBNABT e NIUDAYBY NEAA MQ-3 Lauites
Arediuuuuiy nega MO-3 upanased ulawines uazagauasnesad
Tulammaasdmiuamnlaugunsaididnnasiindbufissfjifnng

4. 1ases EnaaTafngeyue s

NSAUBRIAALBINTTIVY

AFDUUHIAATEINTITU LAY NITWENN (U B e s aisunTaadafneg
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RID impact pathway
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RYTNANVILRNIE

waanazas (ulaimuiaas (Alcohol biosensor) nanefly gunsaifiltin
AnnaiAsuuasresUEinomaiandi fONOR AN fine fenidandoms
¥aasanafifinsnisfinanu (Feed dunn, 2554) Tngendeiugiunsinansis
panlansdanimidn lewled snlianduedasdiandidnnasfindfiansnsnsy
wazulasdey o ARNA W indryayromna i (i wianlwvyad, 2536)

SN RSN (Thin film electrode) yu1YE *’J’N@;meﬁw#}ﬂi:ﬂ@u
TuFnetudoymnodidanumusausiun banns awdsiulaswns fn1smeuauemn
A liinadnSaiinsennuszg i dudaumnuazunsainana igunand
AfszvBnmguuazminzandmiusmdniugUnaniBidnneainduuumnm
(Minghao & Xinliang, 2019, pp. 338)

aulasiuaanasads (@1asaL4a (Alcohol Dehydrogenase : ADH)
puede anantanniifinisandlndlisnaduansn e jizenadndun
dremonlpaswlszgauvasidlngian (Hydride, H™) Tssasudidnasewds
Trenlmifiladiun ludazAiulniandla e (8 — Nicotinamide Adenine Dinucleotide :
NAD *) Tuananesuaanesedfignoand indiduueat ol [Hud lenmea Ssazgn

aendladiinves@niaf ladlnsieulnd ADH (Rojo, 2009)
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LBANIFULASITHIFEVILALI YD
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LANNISVILAEIYDS

1. wlawmmaas (Biosensor)

Tlawugasifumaieaiifinnsiastaluana vde sstanmlusn
fusanaaian e mivdensudfamesinlanunsadaUduinanssaad e Fatng
SamEauaRiAHsINTIeTasTUAN ST aen1Ingaeda SelsznaulUfiag 2 daw 7
AFtYy Fe @INIBIENTEININUAZ AN WA T SRS TR Ay N oeBein
Tl asRyay1on e i (nwdszneu 2) nannmavineseesiulauises
FuuanasyinmaaEeansBannunsangaata a19fifeeniansaadaerauiy
A1TENTNBENS TN Benunaniian “nalnn1sansmeEanan * a1nnns
dnduiuasanafidinsniansiadaiuanstenninliifruAsemsdanduanie
nsAunasasBianaTewn ua ﬂ’mﬂﬁ'ﬂmmmﬁaﬂmw:L%ﬂzjﬁfal,mmﬁiyiqu

NaINTIHAILL ARy ey S UUATIU R ity sy auiani i Tuday sy o Wi vin T

1
=

aunsaauAt RFenduneniidn “walnnssunasulasiy o eiang » Al
THvinnsnuUBuneesansingaada (Chaubey & Malhotra, 2002, pp. 441-456)
flaqiiflsnfadauazimmn ulomgnidmiunisnsadnUsunm
) & o & XA v o = =
a9 o indannnn efifssannaaafinaiivnemeluladnissseanstanan
maUsuleEsBonan warnisUsulgwauiRages naimudiuguaasWinag

-3

F‘( g‘/’ o/ =y § v {
PRLAN FINVINTTRNIN [l A AaNRaees Belsenauldaaulnsnaninsmsas?
aHsEeNsanTuIAEastenatrlnvin I EINITnEA NN RIS T uHaa N9

sipiilasidayanniin wazdranandulfasudnenisdmlulamasssinaiam



santi(UagnesamBa (lann ndwdns, 2544) spugneeudiausing o 7

Tulommaasiuszyndldusoaniivaungulng) g sl

A Target
Ligand

B ® None specific analytes

AWUTZNEY 2 ANYoYNITYINeees (W lamsas

1.1 ANUNI5WANS (Medical)

Faufinaudneifilalml uandunanningiigaresniideuay
wantulaiueres Aniaduiidesnisunndsiuluewas wwlmilulamensgn
visnUszgnd [ mensunng wasimsnaangraianianiie liluniansis
Apsdaanisganmiidaussey wu Llemageddniunsaansunn
simnanglaaludantasdedi@in (n vivo measurement) fisunanfamaazii
sinanatudanesssieifiasinanisnauaiesuuuEeaie (Real Time) Ssasnsn
nsunanainnitunsdiiumddasnanadelsauacsiosnisdnulentig
somBalaelidiosanzidoniiiag (Wison & Hu, 2000, pp. 2693-2704) upnaness
onladlulamasasuonfuarvdenidondt “Buybumazes » Snnaiantilunng
Aaselsanenisunnd wu nsnsataaanonzie dediudyaiousniunig
snandslsananiedia niagnvinansansiifue fiiu eaaransSaudngsnnieg
szinlgAzendudidmeiniiAduediiiantademevitagninans vinlidenis

a0t e LN AT B R AT AAN T RS UL URIMEN TS AAN1 TR NS a1 T



d Ay % 1 1 [ ) 4 [
ﬂmzﬁﬁ:uugu@Nﬂwﬂmiwmﬂfmmmiamuqufm LAZNASLTNHDE 18915
'3 & e‘dl o Aa dy [ = Y o I~
waaNzSy [Wlnemresfiandauauiuefiiuanstaninannisanmun uane o
. 1 =4 | ° (=Y Y
24 (Chip) mmmmwmummmﬁL@m@ﬁgﬂmmﬁfﬂfﬂmﬂm'if-gmﬂ (RS

weWRuBRgnasIRingnii) achuhilaaazaasfias Tusindaiivansusznaunes

1
P A

wewRuaRszviTiimdeninszuugRdniueessenialunisduivansulantasy

q
o

' o ! a & o a g a = P °
BEWNITINICETISAN Z\T’JWH@Q@L@ML@‘W@UTIULL@MWU@W@&ﬂG}ﬂ’ﬁL’ﬁﬂQLLZ’\NLN@‘WIT?J

g v

AUNWEAITES JanaTiEainnnsaunuLNUanTEeLss AW E T unTefiAnenn

U
v
A o A o/

N2159 wanmiaennldiinnsdaLsNnanTae ATy Y mMeTTLILLSERm B84l

wazasNvUa laViau o (Elliott, 2001)

1.2 FuReuandas (Environment)

maian i Te e A Tugui hmnennsdiunnswamndmsuns
A9 T AN AR NI EBIn1s (e lure s iannsanRandnelE Anvamiisie
ANNIBINTTA AR ﬂwﬂ’uﬁ%mLﬂuvﬁum@%ﬂmmL%ﬂﬁﬂwuqﬁafmeLUUﬂ@uT@ﬁfﬁ
1 NP9 AUB N a9 BN/ Tuln9viTi Activated sludge Sn9n3aiad
wuaftideEnne i inudatiafanin Binedeiusad Wodeaureshunan/iulae

unarideriieadlinf waflefiagniehindaenfundoaudsnan i
Nitrous oxide ax19aRT99RR8ABN1SAT WA TH (Larsen, Damgaard, & Kjaer,
2000, pp. 2463-2468) finaUszyndlilulamumadefingu o nedinl i dlad
mesamiuneineedudwiadans ulamueasnanadnansfis w engn
wNaIWInaasn e s aLas AN UBLNe 1 WEY (Roger & Gerlach, 1999)

1.3 AMUERE1MNNTIH (Industrial)

RFMNTIHAMUDINITIBAANWMNTIHNITNEN HAINFABINTYDI
STULATI9 AT ANL ANLLLS A R Anasdaya Tuaendnantanan soams
pauARnazUannns Bidin i tufensiidesna e ilanandomiidaomnan nns
AT NF AR INTINDINS (B nnaTnansthuiiew snefie a1gigeuseu
awng tlagtiusnunanimsniulamresdmiuniansainmaUudionluamis
e Tmdmsunaauns (i Samnsansasinaansdiniueesqauyaeivinbi
Anlsalinany o sialuaanfeaii wu qauEdiinbiaalsafuansieiugs 12

#9ia neluatiesndn 1-2 h n19msaa3aleesia U fnatasnetias 12 h ¥se
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HINN9T 91NFEmNITATEmUdImsUszgnd U Tamarei tunsnsaadnqanrad
fvintrAalaaluaimiadmanidaliaahlunnansaednids 100 celimm Tuazd
nafhuni nanseaderinilbeiesfiinialinanalhluniasnseedaiiies 5,000
cellimm melwaan 8-24 h Fugaannssnemng i Ulsumesdamsiunseadn
pamanveaile [lpimageddmiunaiadatEinouanaiunisnauauemnm
rn9(iuarlefidn dugeannssuniamin e nsnseednnsnezily wigan
vida Flulaimuresinsmunsuonimaglasalinandnindon s ludedd
TulammensiinsnuanEnneeuanuesbursssdineanaoad (s

(Anonymous, 2000)

2. LaanNadaa (Alcohol)

o

Lieber (1991) uaanasadiiuasssnauduwiditvg lansansa

(Hydroxyl group OH) gmaniaiaiiae C,Hs OH (Niszney 3) siestiuarnanyed
ansusn Tnefumuea (Methanol) iiudinanazpasiifinnsuendianiign 1 oznou
(C1) upanasaluianamIAENTENd19 C1-C3 asnsaazansi FRuasaniifinng
araneniazanaiiadIuaerReNANSUDIANTY Tuﬁ;jﬁ’%mmﬁﬁ"@fﬁmi@ﬂﬂﬁmﬁu
ypsuBANaEaRUgHgR (Primary dcohol) 92 FrARAnTTuuaadlad (Aldehyde) B
ausafinUfiseneendindusde (Uiliunnarsuendan (Carboxylic acid) a9unie
aandintasuaanasadaisnf (Secondary alcohol) azTAATAN (Ketone) el
n1seendindurasuaanegadnfiagil (Tertiary alcohol) aufranlAenn (anntsh 1,

11, 1.2, 1.3) (W91 95E 18N8, 2559)

H H

AMNUsEnay 3 LLN@QZSW?TV"I‘NN%’N%@\?LLﬂ@ﬂﬂrﬁﬂﬂ(



11

KMnO,

R—-OH + CroO, — > Carbonyl compound

Na,Cr,0, (1)
1° ROH — Aldehyde %38 Carboxylic acid (1.1)
2° ROH — Ketone (1.2)
3° ROH lsiifinUfjfizen (1.3)

LOANBEDS N19INATIBNTEN A Al-kohl AignapmiuTHEen
EnshnazamEnnes aesiiumnsing g [ur 50 i Tadagu e elunfin
LaaNaEEAEINITARTEIANE TN ATy S N AR N AR LE Ana e
s ndad ueanasedinaiesimanssuunasimineesianaiiussnautumn
1 iiiausaneged wilaueaneged Dofiausaneged uazlwsiawsanssed
ueanesadsiafinlife iiaueanosed vde lones Tnuddn wviuea Andnuiy
et .61, 2435 119NA9N Ethane iU Of fangavineasuaanesnd (8913431,
2560) MandnenuaaresdafiuAnannnsfiisang lragnilasniamaAting
Talaga (nwiazney 4) aulilngian avniiananglaa 1 Tuana 2l
Twgiam 2 Tuiana s1minlngianiAn Decarboxylation Tneiawlasl Pyruvate
decarboxylase tiusigenisadaness ErdazilAsmduenues o fienlmd

aan

waanagnan @lnsamaiiiugaiseiAsen (Panchal, & Tavares, 1990)

2ATP
glucose p 2 pyruvate
pyruvate
2NAD 2 (NADH+H ) decarboxylase
N
¥ CO,
2 ethanol 2 acetaldehyde

-

alcohol dehydrogenase

ANWUSZNEU 4 NT2UINNISNa A [aTa

‘ﬁm : (Panchal, & Tavares, 1990)
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m’%mﬁuLmaﬂ@a@ﬁﬁﬁmﬂuﬂmmmLﬁufﬁmf«vmw@l,ﬁwi@qﬂmwfﬁ
TnamseuazasnanssnussAsygiauaraannlngsan 1Wu AelAiAnnisiansia fw
InnueanagednsiinlsAEeSs teynipanginay doniainyinaas daynn
AsauATT uasdyraURnge91es %mﬂmﬂﬂ'fmﬁméqmﬁuTuﬂWﬁLLﬁfﬂTmﬂL@‘W’I:
atBsilematifinnees Seunnndiasay 50 vasgiRmaiiAsmwianag

amanneInnTUa lnansesinueanesed Tvkilaaaanudnsiunisfingfome

|
Yo A

99193 s fIningeiunnsiuue aneaad unsuadanacfind Sdina
yinlAAnnMsuIAE LAz R E3n (@innguang, 2552, i 140)

2.1 REHPBINILINTGIT (Alcohol intoxication)

Waz gty A9 a9 vLn (2560) nazwngaifiunziiynnad
2N bisuNEa N sua AN saanaIanANgIEn UGN amils evinTiife
21NMRALUNANIT WA lauaT N ANTTH AHEINAD it I
unnsas Tnsaniztunisdudsmmamizuaznisaunsiazasinana Tuuszmelne
TrvnaaziuuaanazedbuRan (Blood Alcohol Concentration : BAC) @13ufjdid
Tai%iifiu 0.05 g% mENgNazNTNAtiuf ne (WA, mewo) BaNAIHATNIM
WILIUYYRITNTINNUN WAL ool Tnafiflaraed
“4in 3 dnfiusnoueanazedbudandsa [Uilidadmnga nadinmatnainidan

1Ain 50 mg% Visuagdualunsdisase ilfUsunaueanegad udanifiu 20 mg%

(n) fIUT%

o A =1 3

TuaBeianysnndd 20 TuFysol

N

Felrsuluawaredusniansamungranadisioysasus

N

=

eS¢ eXe  @SCe
=
=)

Feiiluoyrunduadnsusatsznmani i ld @

E)
=2
2D

u

dl ra o/ dl = i ! o/ ¥ A I~y
Vg i Tuayaedud Wiasgszringninlvsaifinany

N

(39)

e3¢
=2

N dl LR

Tuangeind

o & A s = a o dg/d =1 v o1

AarnsRisyAuupaneaned A AgufinssiUiEsaNnsGEen (§idn
“WNgIN  awngrEnantsiudenunueulssmaine

2.2 ﬂ@Tﬂ‘*ﬂmmiLﬁmmq:Lmqiﬂ (Mechanisms of Alcohol intoxication)

Mg AR AN NSFNAEDIRNTH AN LD AN IDA WLTH
NINNFIUNE NITANLUTENI04 5 MdasBinNnTg Nl d iU vi3e 4 widienx

M1pagINlUFnsugndelung 2 h asintidsziuusanagedbudsngeti 0.08
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g/dl Hrneiimsinga 68 kg IHaRNgI1UTHIN T MHENIRTgIH (MUseney 5)
AHNTnANsTAULeaNDERd UADA ST 0.015-0.020 g/dih s¥AuLeanNDERATM
P a v @ ' 2 4 ! 2 = '
weaRandadunmiieresFunomiaresueanaged (g) sediuinsaesasn 1 vl
(d) 1% TEAULeanaEad WABA 0.05 g/d nuneAIINdn TudeaLENnd 1 dl fxoa

waaneged 0.05 g twugu (Dalawari, 2014)

N
m— —
—— —
Wys 1 nsxdas 330 ua. Tayd 1 uAv 100 ua. wan 1 uha 30 ua.
ANUTNTUSaEaT 4 ANULTNTuIesas 125 ANMuIdNTusayas 40

amdsEnau 5 §37 1 vidagninsgu

#un : (Dalawari, 2014)

FHauaanezedilingdnenie uaanesadiszannfosas 10-20 agn
AARNAINNTUNITMNS UBANaFaRTINADEDEa: 80-90 gnardnHIua [HiAn
masulszuansTndastiiinnsgaduweanasadua: e 1-3 h T
magaBuuaanasad tnevialUsziuanudinivasunanesediudaneniingsziu
FgAtAAT 30-90 min Setusgduiiadanatatsznig [Hud Usnnainasa dns0
159189n15AN Bflnvesuaanasad nsfntantnvinlissiureueanesad budongs
ndanatsdesvde niluaniiasdn narudedinlissAunsuaanesadgondd
mspeaat dnezdulunansednaiesulseniueng (Mitchell, Teigen, &
Ramchandani, 2014) uazdnannagednlasnishnuoanosedaosiiesdnaziiis
UBHDINNTQATN FansREmAID NSt amIEHIN19RATH (Ramchandani,

Bosron, & Li, 2001) 99 [Ufl4e1g) 1wel ANBousy19Wugnasw (Roine, et al., 1993)
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Auupanage e inIuANszALLDANaERA AaA SRTINTATHE
AHANIAWE ARSI ATHIUISIIBINIIZAMNNE T AWARNzEuTD AN g
Ax ¥ o oA A 2 L At o a
ifrminintu Wesinueanaged uFunauwintu aufifinnazdauesissiy
Leanagnd ABAgIndtwAnTInaNgs Wasenfiuaaluiusnnndinaandnuie

2

fufinszansusanesadgiiie dedtiesvinusanegednsziugeagbudon 590l

)}

fefmdaiiasannimdefinanlafmnnndiusiiiiduidesndidae Wesngaln
VBrnouiniugnedeazfisyiuueanasad budnagendngene (Thomasson, 1995)

uaanasadignanduinhdnsnnsudalszanodosas 90 azgn
sneHRasyinane g unszuIn1seen @A (Oxidation) TWiL duiimae
Z3atay 10 azgniuseniuglinssanauasipszng Tnevialsnsnieasnsg
IHINANEYUBANBERE (MER57 0.015 g/dlh (AU 0.010-0.030 g/di/h) AR
gafifamdinintosas 40 unanesadamluadaazgninanansynned 1h
UAANDEDAUTZHNI0L 1 mifm?ﬁlmmmﬁm%gﬂﬁqmwmmma“fu 1h ﬂuﬁﬁ'uqﬁqm
dunamuasfinalnniesneniewaeuuasl vininnswanaaEaaduninund wa
yinliansnarasyanaimAnnsUsuda g s annnualifianniamn
§91 wAd AN ISR na AR kAT BT aTAE aNa dIHaYn Iifin 1A
T wu Tansiu danavinlinismwantyueanege s Budnas fAnuaanosed Fiioaas
WHLEAT1 (Marczinski & Fillmore, 2009) NITHINAYUDANDIDAIYNYINAL G
wnlafannnazuauntasiag o fil

2.2.1 AapandIad (Oxidative Pathway) (Manzo & Saavedra,

2010)

(n) inlmiueanazedf @lasaua ueulmmaniunisddn
leyuBalALanILAe Class | ADH laefilaeulzide Aladuludeiinlniandle
Tndifiusasanufizevinlil# Free Radicals uaz Acetaldehyde Vinaneinadsiy

(@) veulsilslnlan P450 2E1 (CYP2ET) Cytochrome P450 2E1
L@ufﬁai@:gﬂﬁ:ﬁmﬁ@ﬁmﬁu‘ﬁﬂﬂLﬂmu@mﬂummmu wulisy axes a1
ATTUIUNITNNLBRTH (H Hydroxyethyl Superoxide Anion Wag Hydroxyl Radicals
(m) wulEsluAyad (Catalase) MuTnaendlndianiuea (@

Tagn@sm Hydrogen Peroxide (H ,0,)luH,0
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2.2.2 Atulnaneains (Pentose phosphate Pathways) ¥ T3 fis

aaa

Fatty Acid Ethyl Esters (FAEEs) a1nUfjfizenssnd wupanasoduaznan (2siuasng
Tuanalaiugassnausanaanasaligiuns Phosphatidyl Ethanol Sltes (e
Aendaie wulsinaawamna (Phospholipase D : PLD) Saitagss Phospholipids
(Primarily Phosphatidylcholine) Winanefu Phosphatidic Acid (Jumlongkul, 2016)
2.3 81N151g37 (Alcoholism)
anangafidnEeTiuaasean FRusonauolAsuuasdts

matusssladel sawavinlifineRnasui liumnzan walide @ nazen

v
= o

AHTBLAZANINAITUNNIBITUNTIIVNANR Waatatudein (8 lngainisfiuansaan

! 43’ o/ o/ o/ = ¥ A
LM@WHLLUﬁNHW‘NﬂU?i@ULL@@ﬂﬂﬂﬂZﬁuLﬂﬂﬂ"ﬁlﬂﬂN@N

Y]
4 '

(A1A9E BEMINANSTS, 2557) NSANLBANEIDRSINIIBATINITNIRELDRNDHDN

Unfinesseme sanavinlisziuandindiviesusanssnd hudeniingeduiiv
4';5 o/ 1 o/ o/ U U =

mmﬂmqmwmmumemfmﬂummmuL?Jmuﬁml,m@ﬂﬂam‘éfumm (%1519 1)

(lweyaws tleyeynen, 2553)

1979 1 szuansdniuupanase s (AT A Fnge

AN : (F1955 DRUNANTTE, 2557)

USNmunshngsr  BAC mg/100 mL

(MHIBNINTFIN) (9%) R
Jes 2 nevilawiae 30 (0.03) FANFEY 2R AmELdsETe Wasnusienn
1T a9nmey (2 vsiag) A152 1RENTE N1aFRAulaunNTas
Jeg 2 29nlng) 50 (0.05) WA e slRgiTRIAn LIALEY Uag
(4 mdag) NORANTTHTHUTY
s 6 2aning) 150 (0.15) waluAsedn Wi duan Binan-animii-
(12 vivdag) yARS sAMAEITIasndsuaznszgnin
WAN-R 1 WU 200 (0.20) ARANUT YRR FUAW $99THus
(16 ) amanugniEnTE vinozlaluudadn Wl
WMa1219-8 1.5-2 Wl 300-500 dndnanden vgamels vueaR feduidedan
) % - 1299 (0.30-0.50)
(24-40 9147%)

BAC = Blood Alcohol Concentration (BAC)
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2.4 N9 WNABINTLHT4397 (Observation of Alcoholism)
WikiHow (2020) §fianazisnganflidnsnizannisiuannaniig
sensuazneRnaamansdeindgamunsodunauaztsndulFidossu del
2.4.1 FUNAIINATUAAIBBNNNTNAY B1THOILALNGFANTIN
() ABxLAZUAY WEDTsmmeen Aup HdpsTia pdnalaf
ANENNITRLANENTHNaINaTR laAgRuRvEalaAE | SenasgannisEudandas
(o) KunENAUNIY ALNIgIeLiinatua AN BaRdxaant
a1n3ne (wulfsnniunguiAnuazienm)
() AFALANNITIAREHY AuAfiBNnTgIna iRy

umnse I Aulene fadn Feiaansduneannisniesenieiesdin il

ABiinils “upzayndaias 7 ((misznay 6)
Tﬁqﬂmﬁmﬁﬂd%mqamﬁum g 3
aanlUimsiugaTing enniuerenuas iyl

ﬁﬁL@ﬂﬁquLmﬁwﬂ WeeHuRzUaNY
aynlaaanm nupzlanaeyn(H{H

LURTIIDITLHILAD

AMNUsENaY 6 ﬂ"l‘fV]ﬂNﬂUﬂ’]ﬂ’]‘jLN’]Zﬁ’]T@EIﬂ’ﬁLLW;‘Z@NMﬂ

Fun : (WikiHow, 2020)

ARNEaY “Puudin 7 (nwilsznay 7) Ui

& A o g A o o /:_2
YAARWHEUAIAN TS TINUULAHTRUYITLLUL P R
X ¥ 2 v o W o 4 > i (oack and forth)
#BaUane 9 fing udunss A # { / / \

)

1 419 AMIBUANEAUYINLULANTALUAN 88N Vw
1
9 fin winendnuinauUana K deoeld \M
s
WAHEIENEN NIDAN UUAI1BI9NILAD

AMUTZNBY 7 N1IVANBLBINITHIFI IALABN9LAN

Fun - (WikiHow, 2020)
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AR7ian “Bupien * (wdsznay 8) T
yARRHHEUFn S anandnamiisiuanniiu
15 cm Basfu 1000, 1001, 1002..." aundn
92ATY 30 s MINFAY I19iae 1l et

LAUNIFIAG WUATIBNITLHILAYD

ANUsEney 8 m'ﬁmmﬂummiLmqiﬂmﬂﬁ%mﬁﬁumlﬁm

fun © (WikiHow, 2020)

(9) NMIALANETTHEILATNOANTTH WA lnawReas yaen

wsnzan fFnganinarguymaiag uaauin biguyvaeneezqaynaguiuensisl
a1n19HgIf FEduensuanaENusnfiamsadna #

(@) walsdman yadious soudAdfiasii auanaisldiFe
@ ~ ¥ ~ ' & a A v v
Wnpnisfinuiuestuanilisngsn uwifiareezifineinaagnisanesaw o [Héoe
1l HBNIINHANNIgIIBIINAREnNazin wadiaemdeudndmyaldesn wiaye
e NINIWUNT (R

() yaauazizen lmsnzan ausngsininissinaulauay

¥ 1
o/ o/

AonifdasslannmaasieinuansfBennnand dmsngan i waaifsaniad
ANATNEBY WaafinEaiEasauEu wEnyesananUanfilimanzaniuniames
uazfiuAzennandian o dlkialuniosng

(%) p1asali Al asineuaz e olaanas1a (s
wrnzan ArsnnEonsnolAsuasiuasetinsanie iy weasasiisen

)

Warad e ldvanarisuaasatsnolasniatiininaaau s Wi

(%) Kunsannnsfinsadanstuyaraaudasiaau 4 muun
gausAnansarinaiwivdadsdio pnuvnsnadwildsaniien iliRnsong it
Uszangu audnuin Agunenead aRndewEaiewlsiinnesiinein Ay

wiadanaulendeniuenaaznaia o gn 7 waesddern dvmzas
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(@) Aunmszduniad@nda giAugandintuuaanomnn
Tatannzinfnadwniienafionisdusnnvidenuasdi(f dudunnizgnidui
FaslfisuniaguatosmdnedndEusdaw

2.4.2 UstifuanniBsnousdesinuaanasadAgiusiall g4
vdadminga AslinanauddnanniamngaesiuiudnsnaninaIgyueanasad
¥99419n8 BeiuiuuBsnouazasiFaunsingsuinfl dnsnnnsgeds uas
fladudnsETAnaneiin

2.5 A8AATIEARIIUNITR9999A AN LB ANB DR (Analysis
method of alcohol determination)

ﬂgﬂ'ﬁ:mq\mﬁ’uﬁ w6 (W.A. bawo) BBnANAINN NIz Ty off
AFIRINLN WA, @il BimuadninasiuazAsnmmaaauiiuddimnga
vida (i WinsnadnlAunoueanesedhudameiiuilne s nemudidussd
parainanasmeladnsinansfiovdagunsolidluniansievdannaey neain
nIAR19T UAERTIIIAIINEDA (F1TNNgUNNY, 2552, niin 144)

2.5.1 A3n19msradaueanagedainaniela (Breathalyzer
method) aaanasaadaFlnstiedasiavdegunanl W indnsnaneiaueanasad
TaeAgnsuhasmele lersessmnsansaadulossmeeseniueatuoinial
angazans{nlAsiam (Dichromate solutions) axitlasudennddandumizen seavans
manlasuddnisiussiurnuaanasedignitennunananmisls Taszmenes
ivraasufinnisaand (nfiflevinuffsendusendianlieniaiusiaig it
Aia (9 (Silver) (@nn137l 2) (GCSE Chemistry, 2021) Hlaqtiufinslfindesmnaaadn
ueanagadlaeinmaanisls ndseniinsaenngranesmamisunifgaiy

o o A o & aaa a va
ﬂ"l‘i(ﬂ‘i’l@@‘ug UﬂﬂﬂuWWﬁuZ“ﬂmzLN’]Z\ﬁ’] ‘u‘uLUH’J‘EV]N:WJﬂT‘LAﬂ’I‘EUQUGlﬁ"luﬂ’]ﬂﬂu’m

114 N19HIATYN N19ATI9TURINITO WIRA (H59A157 ANSUNANNITT [ IHN1TATI999

k4 LA
adAaa

Fasansviona g namnanil uasAsufialasunlang i uenannildsfinne i
WANNN3NNIAFUSIFEUNLIA nAseINNIsRTIeTaLeanagadeInanalainis
Franundulifinuaanasadtudanlaenifinigg 2,100 sguailF Hasaan
dndnunnsuaanazeduasmalasaidaniuaiewiagy 1: 2,100 (Alveolar air :

arterial blood) (Lekcharoenkul & Seburam, 2011) ﬂ@fyﬁumﬁmmqﬁmmema@@%ﬁ
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ﬂ’ﬁLﬂ"lﬂN‘Vi'W_lT@LL‘LI‘LIN’]Gﬁi’]uﬂﬁﬂdqﬁﬂﬁquqmﬂlﬁﬂ’}’mL%N"Eu"ﬂ’ﬂﬂ LLﬂ@ﬂﬂﬂ’ﬂZﬁu

Lﬁﬂ@ﬂﬂﬂNq\fgﬁﬂﬁﬁﬁﬁ (Afq, 2563)

silver catalyst

ethanol + oxygen———">— ethanol + water (2)

from air

2CH,CH,OH +0, — e, 5CH.CHO +2H,0

2.5.2 3811991999 9AN9LAT (Chemical method) Hun19m599

szt ke fiinislae U fAseed e usanased WRIEnT99619 o L
flaanay 1aen nannafinlisends LLﬂﬂﬂﬂmﬁﬁ@mﬂuﬁ’ﬁLﬂuﬁq%ﬁq%mmaﬂ
apndlndlasiendauiiiieszg 67 Wiilulasflondenulszq 3 Tuasaransnsn
(R®Ten) (FuN1e7 3) arnsisinnndeamuasulilneHiesesadalas Wlpdnes way
fmm‘mﬁqmmmﬂ%mmLL@@ﬂ@ﬂ@ﬁfﬁT@ﬁﬂﬁLﬁﬂumm‘s@mﬂﬁmmmmmi

4' v v Adﬁ'v 1 a.’add' o 1 v o1 % a ova g
NI9gIUINTIUAHEindY Qﬁuu‘i_lfmLﬂuf:lﬁ‘l/]ﬂ‘j::%%lﬂﬂﬁ?ﬁ@ﬂﬁ@ﬂﬂ%ﬂdﬁgumﬂ’]‘j 29
Tsangnunaguawinllasnsavinnisasaadaldlnaliirdesmalnsnlnfiees us
Fefifadniinfe FaaRaEawW o W WeWeA Alan San #6 amsavinfAzen

o Y A dla 1% 1 & 1 dyd % I

ANaza1LnNIAYIN IAANITUUANATIRANATA [H 2819 3R ATNAITIAaTHANWL 8 [HU s
WAIRInTI9a L #1915 UNT9RTIaRaUT BNANNITTHLarUINT AN AaABaas Widmark

Ay Conway (GCSE Chemistry, 2021)

ethanol+  oxygen sodium dichvomate _y ethanol + water (3)

o~ sulpuricacid
from the oxidisin g agent

CH,CH,OH +0, —2£2> 5, CH,CHO + H,0

H,50,

2.5.3 A8nnangnadn lne Hesasuialaannlnsns i (Gas

chromatographic method) Aiansuenansaananniu s lmalanisusnasnani

annsndsuiuialfigomgifidmun Weansuwgnivaeuiiiuwuiaudalians

9 U

1
v

s (USereauifiussgfiag Stationary phase lagandaniswalUaes
Mobile phase %138 Carrier gas AMINANMATHHzIRANTTUENBBNINTRFHIRNTS
ATzanefuanAeiueaIniianie (8551919 Mobile phase fiU Stationary phase 715

ﬁammmmmguuﬂmwﬁq WaafRF1 Partition coefficient #in91i THN9ALATIZYMN
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ADANE N AT I IHEAVEENHBA WS AKsavin[Alnanisinsandng
il bardesuialasanlnsnsfuasliaausendt Injector Usznnos 250 C aatis
sgfinailasnann it duifiussgion Active solid uazmLAs
aomnfaesrednsilin 60 C TnelHufadiResdu Carrer gos Yinliaanasmani

L

Ann1susneanani foReedsnae Wilanssunaw Lwiﬁﬂff%@qﬁmmﬁﬁmm
ABNEN9ge (NTNEsInaniin, 2560, i 12)

2.5.4 35159999 9An1989As (Biochemical method) t3n1g
asravnBrnauennes laetHienlsd ADH Feazauaniwes Wuezndan (a6
Waglasiiunsauedin Taeienled ADH (Lieber, 1991) 1fA%e1vasienlms ADH
dulffzenilassussuuniunauFssndrsuaanazeduazuoaiad Tansl NAD*
INADH {iusin3uasBlanason (aunns7t 4) snunsanuesleising aeidan
MAINVATE 115 §RT Tl 9Auviad (Anthony, 1992) saadiATesi (HAasieEaq
awnlnslefimesfinanenanan 340 nm dafzedditnge drouasHfely

aaa o a

wiaasflafivey o (Ufveulnd ADH AnmanTRvinUfisendumfiauesnaged

av@law usiarnsminUfisenfidnteanulalslnsiausaneaged uazdofia

waanNasgaa (Lekcharoenkul & Seburam, 2011)

Alcohol === Aldehyde + H*

NAD(P)"  NAD(P)H (4)

3 upanaaealulaiwwinas (Alcohol Biosensors)

3.1 finaesninas (Gas sensors)

Joseph, Penrose, & Yao (2003) finziznad \iugunsoduas
doyaroudmiuiesasdadanie q imiiiadieeynsasiuenif AsnUsanamag
Nand 1u nsdusziien Usnomaiail UgAsenatisng q Tdusunomnslni
antRvesinnmge sy de

(n) AN luNMIABUANES (Response time) ABLAWDIDENY

@ o A A e A o o o o o Pa
‘i’JﬂL‘i’JT‘HVMWLNﬂﬂWGﬁWW’]ﬂ’]‘j’]ﬂNWNNNNﬂUL’ﬂ"LALsh’ﬂ‘j
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(2) A2 (2 T3 (Sensitivity) AoswANANEBIENNfing
AosantRdeiazdAyanznadifineiiandausunatios 1 vdedasnisraugnies
Tunnadagawinsiu

(A) AITHANNE (Selectivity) FINITOULNUEZAITHUANFN
sednfineiidisnnansasdndufineibidiasniansiade Wy iuensdniunsadn
Frmianupaazdnzianzinsaniun i

() AR (Stability) WaTunnsdafngad HidenanwEs
detimurasamnantifodnesioiia

(9) AFEN1997 (Dynamic range) BININBBINTTALEUIEDS
UNesaH1TaSAfTLENsaus 100-1,000 ppm (Part per millions : ppm) L1
Fial¥9AT Range 10-15 ppm

swnsauLivaanidiu 4 Ussam foil

3.1.1 imladsialsalf)iaen (Catalytic sensor) ANNTTYINIUAD
Fafifrannadnndsimugaiazamatiranudmminliomansadifanis bl
A uardAT e iRaentn SafuAfiulsiuuududagauiuas
mueasinssgafelinifidesfe mailiung Sangnistiufienaun diese
msaenuuulunsEam sadisiinaamuniugedndiag doniiedefe aned
w@ﬂi:wuﬁLﬁuﬁwfﬁ@’mmﬁL‘imﬁﬁ%mﬁmumﬁ@uuummmfw% rnSyieil
Wn1eiUNN9nsa9dnfinadia (WIH (Combustible gases)

3.1.2 Lvenas NALAR (Electrochemical sensor) MANN91NIHAD
TrssatneitagnneTuisznauldasansdidnlnsladuazazyinfisendufinaiinom
dnsnbaanes fsdrinfesunsanseainfinelfuissia W aasdu asueu
saupon (e (alasiandalnd uaslalasien imasesafindmnzdminasiainine
A idal

3.1.3 a3 8unWa19e (Infrared sensor) MANNNTYINe WA %
aunsollaznmuasimiinfinsednfing inasefiiinitiedde Tifananszmui
fufimannansidalfisennelusinmires doutieidefediuaiiliinimeein

froaregnideauulaefeiinuandu ¢ wwreisiefiviinziunisasedafinain
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3.1.4 [nasan1wanduds (Solid state sensor) AANNNTYINUAR
dofifanudnandasamuned Tassadenieluiivssneulufaaasfiedarife
Ayneanlad (Tin Oxide) FsflnnianiiAlanizdvinnianeyuausssafinafiimidionn
TreifinniaaguAranuginunie dafne arunsnnadninsFnaesinuassiu
ydae) ppm Anviasanlaium fangnistisnfisnamuaziiannamumiugsdngag
wifldadefe anafimusndugisssusuedesios iWesnaiafinanuRanais
TunnsgurnFiflomarefrauanasdufinafiuzuuey ussaned nawafeiiail
INNZ AN WS UNRTa TR AET (R W

3.2 Tﬂiaﬂ%ﬂqfﬂﬂ%uﬁiyiyﬁm (Structure of material channel layer)

Trssatnadandudmyaonlsznauludag Sio, uay Pl Biewled ADH
warlmenlest NAD* (fisluleiasaes sleuninnin Ag TreAs DC unniinsan
atfomessfineardandasiali

3.2.1 8anaulneanlsd (Silicon dioxide : Si0,) AanulATIEE
Fun@n (nwdszneu 9) fdmn aniTAnelans Wikawantuandendia fyanwol
yaadide Si danaudusinfifinnidusuiuaesendan Usinadasar 25.7 589
9INDANTIIU Tmﬁﬁ"fafﬁ%Taiwu%ﬁﬂ@uu’%qwﬁuﬁﬁums’?n,wi%wuL‘fjumiﬂi::ﬂﬂu
annled (§lanznanag wu unatid uslefiu wamng uazlunn) Tuglvawdndsd
FANDY 1 DLADN URZADNTIIU 2 DEADH Lﬁuﬁﬁfé’ﬂﬁ’uﬁﬁ@%mLL@:M@WS
(@mmﬁamm‘hmﬁw 2) (Lier, 1979) Y¥afinasnsidani¥ Sio, finanelsznisfe &
Aosautimiinansfisisinlanzaantadfifiannudasaluniansiaduaags (High
sensitive) NNIABUANBIET (Fast response) Lmzmmmﬁﬁuﬁm%q (Recovery time)
(Kaci, Keffous, Hakoum, & Mansri, 2015, pp. 27-30) aaaAaadiy Jaiswal, Singh, &
Chandra (2021, pp. 128862) Al Si0, Winlassasnetunisnsaeduinglulnsian
Tapan (s (NO,) wudn SI0, AnoumsniAfiAuARN wazlassasnonasgngnd
PPENLRES 3 pm (1Usznay 10) Fsannaesgnnidnannieszdy

Tulpsmmsnarintidanndesllunispasnsduansgs
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amisznay 9 Tasea3tandnaes Sio, Aidelaendas Scanning Electron Microscope

(SEM) INNA928187LaNsgi AW a in1a9aeng 100.000x AN b

finnagage 50.000x AW ¢ ANNA9I2818 20.000x LAZAIN d 9

NMA92818Y 150.000x

#31 : (Joni, Nulhakim, Vanitha, & Panatarani, 2018, pp. 4)

A1979 2 ANURY [Wree Sio,

fun - (NENNLAN, 2563)

%@fﬁfﬂ Silica, Quartz, Free Crystalline Silica, Silica Flour
HOU ya9ufedzng iinau

gA3LHLANA S0,

simsinlaana | 60.084 g/mol

ANTNANIUNTE | 2.2-2.6

Slaltzhl >2,200°C

qavaaNial | 1,713°C

saran] Tilazanen azanelilasnianasuiudig

Triazanelunsnaniiulalasngessn

AN5RA W

Timaln
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amlsEney 10 AufiRares@anenfidnslnandes Field Emission Scanning Electron
Microscope (FESEM)
‘ﬁm : (Jaiswal, Singh, & Chandra, 2021)

3.2.2 waRlalu (Poly-imide : PI) Pl #nnsaniifivnenags nuse

Y

1 1
raa A

aaaflHA AnasiilnBidnsanen uaziisfiosninmnnaandougs Tugae 1AM

o/ a'dl ° Y o/ 1 dl ad = dl a 1
sdasLEesivinenn Pl #5umnanlendnannniflessnndsnisiedesiizaudng
ANNHLABEYBIFNTAN LAZANNAIFINNALAZNNAINNEDY ANEnAulFAnig
%’Jﬂﬂwqa (Ghosh & Mittal, 1996; Mittal, 1984; Wilson, Stenzenberger, Hergenrother,
1990) fariudefinislieuiinarnnansuazfifnanintunalulaindnnanesznig
Tuussanlndwasiu Pl fanuafiosfinomnies vusieansiad Ao aanuatios

A A 4 dld . . .
nalglnslafings aausniBeeinia uazAnudowsa@enaiial (Kinc, Koytepe,
Pasahan, & Seckin, 2006; Abasiyanik & Mehmet, 2010; Aby, Aravind, Arockiadoss,
Rakhi, & Ramaprabhu, 2010; Chi & Dong, 1993) tnausianiunnsiden Pl iludan
WONIINAHETETNNNARANINANEBULEIFD AINEINITO NNV INET AN
ymusiasnsUmdew uarilaanumsnrandnsutiuglnsalBidnnsainduuy
Haneunazimuaniuuundangi (Aziz, 2012, pp. 199)
3.2.3 ulniueanssnds (4la93wma (ADH) vimsinfiissufjizen

aaan A

apnBniaessniwinMifianiswasnul asfizeaivesueanssed waa w6
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yAaflaw (Promden, 2013) Tneielas] ADH iuafiaiivineusandiulaenlaife
NAD* (Wang, Etienne, Quiles, Kohring, & Walcarius, 2012) Hafvasn1aiden Hiow (ol
ADH A iuanlmififiAensangs (High activity) (Ravifiey waidsmed, 2020)
AENTRINNIZFADIENIUER AANNTIUNININT158DNE (AFE% 7 Twaaner (Mullor,
Cabezudo, Ordieres, & Ruiz, 1996; Santos, Freire, & Kubota, 2003; Sprules, Hartley,
Wedge, Hart, & Pittson, 1996) AeflAnnumsnzanansuinundusnsassuansi
F89N19M39990 FBAAKBINL Luo, et al. (2008, pp. 1641-1647) Usehing
Tulaimuresdmsunsaadnfinseniuealneds Screen—printed waztHiaulssl ADH
wazlenlzd NADY inlulowsed wudnlinantsmeuanesiiutug
wWIzanzas Aussavanmsnnnddefeuiuisulalasunlnsns il
3.2.4 Fa11g (Silver : Ag) Ag ﬁ@mmﬁﬁmﬁﬁﬁw%ﬁﬁ@m X

mmTﬂ‘iaTﬂg& (Choi, et al., 2015; Lee, et al., 2013) Li, Ding, & Yang, (2019)
penuULLELEBSAnEAmEavsuATnsAndangs el Ag uay Pl iTudaliin %
ABdATILLY Situ AneaailymiaenniuSungrasnainiuia et
Uszavan Genraidentd Ag uaz Pl wudn fanimiflunisdndongs Ansant
Tunnavindnfididen SrommmmsamsnzandmiuldugUnanidifnnsatings
Aanejuls ﬁmqwumwiﬂmiaﬂLLmT%ﬁumJNLLW%MWT‘L@%’QTW%LLuuﬁwgiuLLm
W LULEangY aaaAReIriU Tran, My, Tong, Tran, & Dinh, (2013) #4LA1¥H
nefu Ag AeninRmiuis g msunsraduRnsuen e (NHy) wudn Ag aes
INARFIHA T AN [ 289N19M 5999 URY NH, q\‘ifagu FeazinlFan Ag finnssinl
Uszgnd humasauuudanguuaziaiiuundemen Faiedamummnza
Amsunani Ag mntHduda i dnsunisnanesufingeniues

3.3 N9rUIUNARADURANUAN (Thin film coating process)

mandauidnuslussTabugayaniarssusnyialag Bunsen uaz
Grove Wil A.a1. 1852 Tmﬁﬁ‘yugmuﬁqLLmﬁmLﬁmﬁumﬁmﬁ@u‘fuquﬁyﬁmm%mi

PRBURANUN9AEN53896a (Fabricated) Imen1smniaRa (Deposition) 289815

1
g A

iAeL WAy IzDzADNIRRIUNIERIB93Y (Substrate) Anndnnsidnfiu
NN AU e T (N lATIHAT g9 lERaNn1anana I AaH iR uun

A19RT1504N [FANANY LN 9N Fanwoiedlnaasidn na1afe gufunng
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¥ 7N a a & | A (% [~ ¥ A a2
W RHTRIBIRIT BN ARHIINIT “AAN 7 wsdnnunsFauifiBeUsninsazidan

¥
Y o/

& X =4 PSS o G A
HUAUWN 7 Wﬂﬁ@‘:ﬁmu\fﬂ'}’]‘if\lﬁﬂLﬁilﬂ]ﬂuﬂ'm’]‘jﬂLﬂufﬂﬂﬂWﬂNUﬂﬁLL@ZZ

=)
Do
b
gﬂe
P
i)
)
Do

RanmunIupg iAW IEN15TH91 (Bunshah, 1994)
Smith (1995) flaqiidnsinfidguussnyszgndfiiulasadnees
T TN SE L AL TPy PR P R T Fligast¥sndro i Bunomnn e
nglaaluloises Usanlulomunes sanlfousanssadulsmunes nswdeu
Afrunaiunszuannisivinlimandaunnndauasuniniansesiugsansosi
Tianszuanmaniaed uazniefiand Tneiugmudanszumundoy
Afaunedl 3 dunoudail
5.3.1 nass19aaARey (Source) Inevinfuudasnaindouesiiu
sapsrnsuis anaman Ta videufia uwisnainReuanieiiogunszuannandouhy
dfluginsagiugueslosung Gasnsivinliasfeunaadinloszmeaisnsn
yinlFvaneds wn naiaanuden siaenisszanBedagaymanacseugs i
5.3.2 nanaeuineaaRReUNSTaTas3y (Transport) T
AazgeynAlpsteressaindaundewifuiunsd Ui ey vidaone
waenilutudnuoizresadvwinlilosumeansansanfeufinismiuaynin i
anetunnzganIA wenaniloszmeenauniewi (s iageesiu s
WAEH
3.3.3 N13AIULNEN (Deposition) Lﬁum‘mﬂﬂmmmﬂm’ﬂ?uw
AU UL T30 FanEDenIATLIHLLATNE YR STRAN 9T
TufuidenfirnsiansasduvionisvinugAdeesaanReuiudansnsdy Ans
ATDNAYENANTARTENEL AaDATUNANIATHTuNSIAReY
3.4 N15ANANU (Thin film formation)
Chapman (1980) A9lARRANUN AR NNz TARaUReu T
g (awdszaey 1) IleasinRsusnunasinfiainaeufisndeianse s
aandauiinssnuRndansasiudmingjevatigluasasmanvdalians
(ndsznay 110) Taenasuiuse (Bonding energy) 9endnvasAanaasasLAfay
fudansnsduuazgamniuesiansessududaimuanauaansnlunisuns

o/

(Diffusion) ¥BIRNITARBULURIIAATDITY DLABNYBIFITARDUILANNTENURIIAR)
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spe5uTdwmfiBandiumiinisaadu (Adsorption site) ¥iliARNNsINNAnne
fnfindamunnnafiaananszlandmdunendsnnlldosdnndegfaiuie
ngReanaIniuksiill (mwsznay 11b) Tudesnamisasrenansmaindon
analfanIsssmEnAULaAANITTINFR s nzAaNAT N undAadiy il

= v o a | A
DEADNADIFNTILARDUTINFAINUBANGAALLIUBLABNA (NIWLTznaU 11c) FIHAIN

Y
v v

LW EETNINNINBLABNIAEINITIINAINUYBIDADNHHAND L TUANNNHIUINY B
DLADNAYIURYENTINTFTAREL (Deposition rate) BLABNABIIIINAITLDLABNLALT
1% @) = . o = ! a_a =
wananeiiuaneraan waaRerman AnyudNiiGandt annznafinfdaunfed
(Nucleation) (nwisznau 11d) vinWi [fngnazmenfiaaties (Quasi-stadle islands)
nniunguezaanazEHlaiuGEendt nmsladiungufiow (sland growth) auiawes
ngnermener aiulasdsuanezaenvinfuEeisauantien (nnlszneu 1e,
1) M3lpvasngueznaniiafinluEey  auNTeiweuIIuaasngHDADNYEIY
a ] o @) [ 1 .
Gendn nssannuduieanresnguazaen (Agglomeration) (MWL5Tnay 11g) 910
ANTANENAIENABI9aNTIALLULABINTN (Transmission Electron Microscopy : TEM)
wudniinguarsananiuinfisuasnonasingfinssnadngeoanan (Liquid-
like behavior) uaziinisdmiBesirmnaliudandnanen (Crystallographic orientation)
FognismniuinfiswrninguazaanazfisliuaunssiaBonseiuagesoiios
(niszney 11h) uslnunensdinisiessenuetsieiiassfindulfeteanysol
weRdndanumunlngmaelazanm 0.04-0.05 pm AnEnrRoresidnInzIINNgH
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la) Single Atom Arrives (e} Growth
" islands
ﬂ;:igﬁ;-:%i Growing
& s -‘,{ -
i
phipSiaatia,
Substrate i !!Ha
BHEnr
B
{b) Migration Re-evaporation {f) Island Shape
° ° Cross-Section
O/ 0\ \ ” Istands
0 adfiie,  HELIEE EE!_;_E‘
O
Substrate
le} Collision & Combination
of Single Atoms (g) Coalescence
o o ‘5:3!:;- .
frp s -
N\ / W an
oo .
(d} Nucleation (h) Continuity
T, “*Islands” of
Atoms

AMdsznay 11 nEanafaNaN1Ig

‘ﬁm : (Chapman, 1980)
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LNﬂW"Vq‘imqﬂf]‘iLﬂﬂW@NTuﬂﬂqqzwLﬁuﬂ@ﬂ@zm@NWquﬂ’]@Lﬂuﬂ@N

1A !

PBINANALIVZTONGHIBINANAVFTONINNTINN Banguasazpanarleraniadsy

U

[ % % dl [ % 2L o A % . . 1 1 3
undansassulidnwiagnanandnfiFm1en139niEesda (Orientation) 2BIUARENGNIIN
auifiunuugs (Random) ¥inTAlERAEN U9 InseaBramanendn usdnguezany

& = o o A & = A v A o Al a o @)
LiﬂﬂﬁuﬁlﬂLﬂ@ﬂUU%flﬂﬂﬁﬂﬂi‘UﬂLﬂuwﬂﬂmﬂ’) N199ALAENAIIDINANTTHAN K L3
= dl = a o d =3 dl dyl = .
NANLAEILAZEYNNISANANLULURNANALITRTT oRUING (Epitaxy)

f18LABNTINNYBITAATDITUANRINWALINE BraaNmaiay
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o/ o

P = = S y ® o L oda ! & &
LWNELWIL‘WﬂL’NﬂﬂL“ﬂ"lTﬂﬂ%TumLLW%QWNWNQQ"MW NINAHND VNHV’W"IS\IN"IN"I‘JQT‘Hﬂ"I‘j

1% 1 [ [
=3 ¥ adan o s/

A oA " - 2 &
LARBUYT (Mobility) VBNBEADNIZINNIHUOIG RN HVINIINAIBITUINTH HENIINUNTT
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o/ = o/ 1 4 =2 a Wda‘ d?/ a
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mslasnnne Aeilingamgi ndansessugeuasfidnsnisiedauaiay [FRNAT

|
¢ AA
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Amsunis@enseiiegnanysel Twnenduindngamngdansessususans

q
=4 @ @ o/ a o
Lﬂ@ﬂﬂiﬂﬂﬂﬁzTﬂNﬂ@ﬂ‘]&lmﬁil,ﬁ?;lflﬂu

2.5 TAS985NARHUN (Thin film structure)

Lg 1 o/ L4

915533 el (2544) TaseadeRgnuradnusnSeulpaag

a =

dnaaanszndwgomgAedeuiugomgRnassmiag (T/Tm) useaniiiu 4 doupns

U

v
o A

ANYY AT FE LA AHUANNNILNIN (NTWUTenay 12) 69

Transition structure consisting Columnar grains
of densely packed fibrous graing

Porous structure 3 Recrystallized
congisting of . grain structure
1aperea crysialltes r
separaled by voids ‘

Argon pressure
[mbar] 1

AMUTENaU 12 AndoelAT9aE e RANLNg

AN : (@501 dgWml, 2544)

(M) U31Imd 1 (Zone 1) n1stpRpuiifinugaegomRauazaany
o/ 1 . 1 a o/ o/ 1 o/ Q( 1 (I) o L%
MunznAeUiiAngs sxapnTiaguAadanIBesUar A dNUszAnEn1sunsen vinlh
a v @ ! & o a v AA o P
Aannsimeiuiiungudn  nszdanszansuazfadnlasednffidnyoEen

WAANUUL Tapers crystallites a1nfapeafifiudunnendain ifaaaaniiuninges

Tageadnes fEesdnsuinanndneluszai 100 A 7 T/Tm winfiu 0-0.1 A2
1 mtorr @1AEsugILNiazaenansegUE i Rgamg Rgeduuayin i
PBINANANTNAT T/Tm NN HB9anfianniigea s asuialunizuy
FUYINIARNINTY DYANATENENSIARBUAZIARENTIANAINT [Henndu vinTiaynia
IB9ANSIARBLANAINT [ADY uazanfinnatesaniueynadwin ey afianas
a ! a P A A < o @A = £ o @y i
mflanagjuarfinaniunisndsuiienssudaduiaedesuniwifdesng
sendnansuiianaganyarensildniivgsninenauauesiandaafiuansng

ulnegampifinaseanaeesiidnuarnisszandeannlanan
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(2) U104 2 (Zone T) iluuBifiuuuudmiunisinfeuias
FagszuvaiimaasslneiiAees T/Tm agluges 0.1-0.5 firaumnzafsy
Uszanos 1 mtorr finlugaasendeuBion 1 uazudinm 2 sxaeniingunuiadanspesy

a A 4? Y o/ o =] o 4 a
arflUsrnasnnduuas [RSunasmenmstwasennIassadeuyn gomgRuss

o/ !

AnIENSURNGN A Surface mobility 1nERLas IAseE3a B0 | azidinguBion

U
1 1

T Z9FnHINTHLN9 (Fibrous groin) LANARTILATEUNTWRAINMWILENGNTWATiNS
! ' dTn & < v @ A A o @ o '3
wnszasaraaNnHaaun U iudsussindndudadentueunanaiuaaduuns
(Columnar) sialtl Tnenlsnrmngasdnedizey
(A) U314 3 (Zone II) F1UF1I0d 2 928AN T/Tm 28521414 0.5-0.8
nuAuEEIARaUUTENIN T mtor 92finn1Tuns5aEsaTerdnaauInTu auin
HulaseadouunandnusineInnnsng fuetmsuNenInaNImane 9un
PBIUNTUUATAHIWZDIAR NI AT WHBsa N R IwnsLeRpULAZE RTINS
a2 . PSR
WWABLLANANAAS Surfoce mobility 289BABNUATIUIAYBIADANUTILINNTUIGDY 9
e NHIUHBI91NNTUNGTILZINNI DY ABTENINVDLABANWNS
() U31Ied 4 (Zone 1Il) USIanilg ) AgeqgauasAn T/Tm agl
921979 0.8-1.0 IAMNANIULARBLLTTHIN 1 mtorr NTUNIITHAIGIRINGFD
v L% v Py @ Ay "W o g
Tnssadnogavinglassadnofilfandunsuiiffmayindmsnennseesnadnun s
PNAMEJUAZANEMILIANNEY dnalsnuTigamgRgieneazyinliifiants
FaEeananina (Recrystallization) IHBIN19IANAIIUFLANIINAIHALA (Stored
strain energy) WindusauAnaARay nTuiiatuliuaeuilesUfeueanasanuns
| 2 A
SR
3.6 9TUUNIAABLARNULLABULNNHATaUaTRLeE3S (DC magnetron
sputtering film coating system)
gasnsinaadanadaiuarIuiunagussnddasiiasyiune
dIAI = o/ g‘/’ QI o/ -4 o
Toaowiinwmuhansafsy saiunsfindnsnisatinnesuenainazinflannis
\Wndadudadain(Alaanisiingsunalpaswiiaimuiaseiey Tussuudd
aflmpa3 ol Fiissnisifinussinininszndndidninen vaafinanusidea s
PAINAAFIFATIANARILHUNTZUALTENI T mACcm? UazAINNANLTENT

1.33x10 ° mbar WananiisanudnussuuigatlamnessyinUaaannesui aiina
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b

o/

mslosahudfidfiaandy 1% uwisitieReAoidennumaingeduazyinlivsunon
ufiafunandndui [Ffdngedinn (Rirwg Angasans wazsiiani S, 2547)
Netinbag (2020) sigsniinisimmnszuumdiBendnszuufgunnils
souaiipiaeds ((misznay 13) iumsatinmesitnnsaralanionianinys
Afruensiannis i sandannilhusruugaanmedsaiasssgnnazmingos
Tuanafinafiunnsaidiulonau itiasiiussillunnindisuasidufinans
asiiane Smith (1995) ifunnsBaunsusmdntaslaedgsunusindn iaAnmm
AuRantinhasnfeunassiiasoaniuauns ningsaefnssasmmaiiv
Bidnaaanliionniu Tnsanauingnvinliaifnaeomaaauiiitumndi
(nilszney 14) vinBiiAnnislens hififlasannnissusindwdidnpsendiusznon

uAAADY

Pulsed-DC
Power Supply

Oscilloscope

Water
cooling

ANNUSENBY 13 WNRRISZUUATLNNHATAUNLIALABSS

inN 1 (B398 a0 uarenssd 398m, 2559)

Outer
Magnet Ring

Magnet

AMUITNBY 14 NTARENTZEIDNABLANATENMEHLI AN

731 : (Rickerby & Matthews, 1991)



32

& dy dl dl Aa & 1 & ] @
PIRAINNITANYINISLARE U IS BLANATDRIHERIH LN IMRNNLGT 61
BRNATAUTAFNINITARE USRI N U NUIN LH AR NBNENAYBIAUTN LA RN

WenmaUszquadenfiluuwanenan (nmiszneu 15q) feasainnssannsi 5

1
_337(W)’
B

A A [ % a ® '
e W ﬂﬂW@\N"IH?l’ﬂ\'iﬂL@ﬂ@]i’ﬂu?u‘lfiufﬁl eV

@ 1 4 1 [
B ﬁﬂﬂquLﬂNﬂquLLNL‘Vi@ﬂ?‘wﬂu'}ﬂ gauss VHHAIY

ANE Tl lARATEM v = 2.8x10° Hz

S INANTHRRTDIB LA NATEU BRI NTUFH LN IRENT AT 10
eV uaramNumANfAANdindn 100 gauss SARNMIRLRAAWINGY 0.1 cm diag
ANEINTIHWMANL 2.8x10° Hz (nwdsznay 15b) uamsBlanasauiaauisosao
P I HAUTNHLHI AN BIANATIUIZLARDITINEWATITDUUWITHHLHIAEAN
F89 1RSI AT AT TerdeTidndianaTenriuareanLia (nwlsznay

| I3 A Y A & A A
15¢) WHINTTNHUATITDLAUIN LY manazilasnllgnd s nasaaaauiinis tu
AHUHIAANULAL AN MR FI T AV I9AIRI N1 BIHIFUBIFUINIIREIHANA NG
o v & zﬂl A Y ¥ o o Y A d' d' &
AN B ANATILARDNT B LS AT ANV LA AN ARE T THUHI AR
. o« - A 4 4 4
AURINUHIARNUALEWIN WA BenNn1TAReNALLLTIN “N1SARBUTALLL

aBYLEaN ” (Drift motion) ASANNIST 6

_10°E
B
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e E Aaaun Wil Viem

[ 1 4 1
B ADAIHIINNUINILN L‘Viﬂﬂ?‘l&‘lﬂu’lﬂ Gauss
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o ElECTRON
o UNDERGGES
COLLISION

MAGHLTIC FILLD
UPWARDS l

O _
P

ORIFY

e

amisznay 15 nstadeuiineseygnaluaunene laedl o, b uaz c iunns

A pa| 1 4 1 a !
Lﬂﬂﬂ%ﬁﬁ@d@gﬂﬂﬂﬁﬁzﬁﬁuﬂuﬁﬂLLN WMRINBENLALT F9U d LAY e

< 4 ¢ I {
unnsindenfivasennialsyq iuaususmanuay ey min

SanriluAnYozsing o

17 : (Bunshah, 1994)

naEUIN MRS IS AasiANUsENT0d 1,000 Viem way

AUNLHIMANT AU TEHT9d 100 Gauss artirnAMNIBaTaEL@Eeu (Drift velocity)

[ g [ LA o A [ %% A v a & a1 v P
WInAd 107 m/s %@Lﬂumm@umqqq ATHNRAINTRLTHAURYBNBLANATBEUNATUBYLND

Feuiunasenuii Fsuenauniinnisinasuiinesdidnasanesdulubguuuy

Cycloid (nWsznay 15d) H1BIANATERANANIWEHAWNGINIINAI WA [A5UaTN

A nseRsufiuunseyAenerag uuuaasnandeuiu (nwUszney 15¢)

a pR| | a & g o =2 v Ta; ' & A 1w
quﬂ‘i‘iﬂ‘ﬂﬂ‘ﬂﬂﬂ@’ﬂ’ﬂLﬂﬂ@ﬁﬂuuLﬂu‘h’ﬂN’]ﬂﬂ\‘iLLN"V‘Z PAUTHUHNLIANANATHDE T

52%319 50-500 Gauss wiazAnalunaidavunuuamnaiineeslapandeinaagenin

ALANATBUNIN

A A9y 1 @ ! - 2 & v
’izUUNﬂ@]LW@iQWT%NHWNLLNL‘l/‘i’é'\]ﬂ ‘ﬁ’)EILWNU’iN"IﬂATﬂﬂ@HHHﬂ"I

AUNHLHIMAN AR UL AN N9 0B8R auNATNEn9 (Longitudingl field)
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agyiiazansamnainlanauliguinudlivinliunniafalndafasde
Wasnuasiluazssaansosnenauaminaeresildu BTAR nadlag
aunsusmdnsomniuauainEandn sumsEeang (Tronsverse field) Tae
nazuunAaiinUE N olaasuAntuid nasenfilessnuansuiuaseiey
uazfinnisUanUdesdidnasonyaiisasaanavinliaidnaseugninestuioos
aunsusimanindualng uasiadeniiuusasdonssuRmTinueuATne
(nwiszney 16) inlrBidnasaniilenaruiulianavesufaudiondantinii

|
=

aspRsUNININTNUSIalenaugenndRauinansiadey Bianasowdalai

D

1 & a [ v [ =) A a &
Tolarmals \ANAYD me:mumaL‘Um\ﬂmmwwﬂwmimmuLmzmmmﬂm@wqw
= @) o % a a a PN o
ﬂmmﬂwl,ﬂuw@meT@@@ugmmTuﬂmﬂmqwﬁﬂLL@:LﬂmTﬂ@muﬂTm 911
Tﬁmﬂ%ﬁ@mﬂfﬂmuuf;ﬂgpﬁﬁqLmTwﬂ%mwz‘fuﬂdﬁﬁwzm@mmiwaﬁuﬁ%
ATPLAEBITIANARTF NN uSIAAsUINRLAaUTIONNAerANATENLE I DTLa S
A ingendnui s saae g aineesaos idaunauwsindnannyini
1% o ] & a & = a
ANTNFABINITULT AR N9 1999 B LA N 19 ATEIT UL LN N TaURT AL AEEI AARS
FIUNARAUTZH104 300-800 V Al auH N AN AULNNTInTa U SINTTUanay
Bandn unnilnseuatlnwesansanszuen (Cylindrical magnetron sputtering) Wazdnl
AN NTUSTLURE AT AR T LU LWL BN NATUISUNNTInTa

ails1Lma39 (Planar magnetron sputtering)

Area of Magnetic
Magnet Poles Erosion Field Lines

Hopning
Electrons

o/ 1 4 % 1 =
AMNUSENEU 16 N1FTARUINLHIRNLAZUHINTTARNdauaasanTAdau uszuL
g =% a
PWATHS WNNHATAURTTALHDEY

‘ﬁm : (Chapman, 1980)
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Uitzﬁw%mwmiLﬁﬂﬂmuﬁqwﬁﬂ%ﬁzuuLmﬂﬁm@mm:wmwmﬁ
Lﬁmﬁu%Lﬁumm‘%mmL‘ﬁhm‘smﬁ@uﬁqfﬁﬁmﬁmmﬁmLm@%ﬂ@\iizuuﬁﬁﬂ'wzga
~ o A ) o 1 & a @ = = Aa '
A TR G e e et LLﬁdﬂuTWWﬁi:ﬂﬂﬂﬂﬂQﬂLNﬂTV]‘iﬂNﬂ’]LﬂﬂUﬂdVWWJﬂW]
m‘jﬂﬂmL@@%Lmﬂﬁm@mﬂmLm@%qm\iﬂa:mﬂﬁ’ﬁﬁﬁﬁmqmmﬂmL@m%qujq 1.0
- a o/ = 1 . 1 dla
um/min Uazign91N15iAABUgINdT 2.0 pm/min ANTNIAMILHBNTZLATIRIAN WA
20.0 mA/cm? LIRS MINBEN AT AN9E1919 300-800 V AR Nl
U5zH10d 5.33 x10 ° USTANBAMNISIARBUENTINNGT 10 Winda uanannilanunse
PgnpENa T UssuUaiinaeseunn ey Fdafesanuuunisamsandusruy
Tnslanailonmessuay INITaAae L IEAANFUANES 10 5 mbar
3.7 N155E9La% (7 (Immobilizing Enzyme)
nasEaenln viinetle nstmnevEeyniieulnieghweauai
Tnlilealuanasnanausiaanis@esiussniaaiivie HiAmiuszad dafans
AendeulmiAaa ntsnrienlmiun s # (Tran & Broun, 1975, pp. 1359-1364)
AnanaseRlmileanegeds @lnTama uwaylmaulminlafu ndesdiiulnianala

W& axl¥anuoien1sEsuLUEen (24

|
ad A

3.7.1 naeaanULEen 24 (Cross-Linking) n19@es e duwaad

FANTBRA [UWSTTUNea (Bifunctional) W3 asdaRinai®uuaa (Multifonctional) savin

1
v A

niNTdanasEan S aRndudangaeden nnaden RiduenlisieAtiaannean

[
o %

M lEnaenlaiailonpaaiuaeyin HAARN YN @anfnnulU USSR lL9F

fumnsnsiumnnndinileia faesng W madessierasndnaeleiiuenlm
wonlasfiiuTussin vieenlaiffannndwisfadulustustianidminluanage
yinliiAnnaidosdnmiludnuosnsumdomds asnsoinlUlszndlituniasds
nllFvaneiia (438701 998U, 2556, Wi 22) ngansaad Edduans
waluiladdumnafiinun iiuansden o lunafialulaimuges (sobelle, 2004,
pp. 790-802) Tnseaangmanaf laasnaufasmaaan (o 2 v Aiuaesis 2

aa o 1 a)f

Inammnsavinlfizentunyesflueseulnimielusfiudaaiusslaniand nsess

U

1
ad A

ien(ifaeAt Ben ainudnfiefife wuladargndafinuusoninainagiaudougg
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36

g o/

Tulamuensfidauasiags mansiusslaneudduiussiudus sdsisuay
3717197 (Rinaudo, 2006, pp. 603-632)

3.7.2 naidenassnuiuezlanausd (Covalant bonding) Talaenm
duluTaInAwasefianilidetiasdaznaufiddnyad ugunsi-nglaaniu Talnenmn
Avpiasinbuanels Sanialidufudosnstanim faenomniatastiinlalngmumn

Uszgndlamsunisssaenlndbuneaialulomaees Qitong, 2014, pp. 277-280)

4. mavszhuguagauaanagadiulaiuizas (Fabricated Alcohol
biosensor module)

4.1 #4998 MQ-3 LniEasfing (MQ-3 gas sensor module)

Naga MQ-3 wsasing (nmuszneu 17) asugeddmsu
parainfinsunanesed wishaamures MQ dmsunsieduufiauacadiaangn
Wirneanudufanea uazeniaen anisadanaisdeldeuiulnlasaeulnsanes
THougiaens (niszneu 18) Teaiaisndqn Ma-3 Sarullunisnsaadufing
Ve a [ ugassaust 10 B9 1000 ppm Husesulin 5 v Tunnsvinew fa9es
wasdeyeyruenndeniiudyyaifanes auisaUsuanhiunisnsaeduan
vENWeS Naga MQ-3 wuwpsingergnifiiugunsolfiuuunissnegaunanaged
Tulawuas (LNW, 2021)

MQ-3 Semiconductor Sensor for Alcohol (2021) $inging Arduino Code
AMTUEAT MQ3 Gas Sensor Module

void setup()

{

Serial.begin(9600);

J

void loop()

{

int val;
val=analogRead(0);
Serial.printin(val,DEC);
delay(100);
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M

MQ Sensor

AWUTENEY 17 NBga MQ-3 uieasfing (1) Naga MQ-3 wumesineileonedann
v v a & a_ <o < &Y
Auding (1) 9asBiannaaiinduesnena MQ-3 LHsuaasing (A)

Smoke WIaRQATIIURTY
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A B i
H H A B
A i B H
MQ-3 Sensor Module Pinout ArduinoNa MQ-3 Sensor Pinout

amiszney 18 Taseadwwesunga MQ-3 inwaasing

Fun : (LNW, 2021)

4.2 maasaulaanagad (ulalmunas (Alcohol biosensor)

MaNAFBLHANITRBLUSLBNFafN T aLAT T EaxsaNDgA
MQ-3 uaanegea ularmuaasannsavinAlaaseuninnagasasuasdnygm
nRF24101 @aifiu Arduino liAassastayauuLlEans (nwdaznau 19) sandy
HBAA MQ-3 imaeasiinaduuy (Mwlazney 20) udnhlunaseuduasi

ABINITATIFIA

-l

LOutnpuy mmX¥

(ONM)

¥In0d

NI 907YNY

®
. NO -

fritzing

AMNULNBY 19 NBARFITUFIATYY194 NRF24L0T wian LED

‘ﬁ&lﬂ : (Cameron, 2019)
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AUTENBY 20 N1IRBIEHLEEST MQ-3 HNAUNBARRITURIRTY Y1 NRF24L01
s : (LNW, 2021)

4.3 (ulpamanlyisiaas (Microcontroller)

|
e A 1

lulmspoulnaass (2563) ulasnaulnsiass A gunsaifidmios

UszrnanauazANdaanneluiaes aansnduddioyaiiuuuAtnoauaz
aunden lndssntiosyinBiiduiten s enduguuunfiGendy Embedded
Tiurt indasEindandazsing  Tassednaluseshilasrenlnsamasinasnan
uiiaan i 5 daw ol

4.3.1 ysdipdaennanananayaadite (Central Processing Unit :
CPU) AamshigazsnananaeasnaxRanesiBsumteuanasfinaayimiingly
masnanlandaAandoyamdntisuan dwinlandntunisazinans imii
Usznnanatiayaidenaany Tnefinszuanniaiuginde 1. dagnAds 2. fan
YA 3. UszraanayaAds 4. srndiogaannmitaanndn 5. untiayanie
FINANITUTEHNIA (Advice, 2021)

4.3.2 18AINNST (Memory) dunsaiLsaanidn 2 g A
g AHan iR BamsuTUsunssman (Program memory) n3easlan
sdnRaraaunaninenfanasacli: Aeteyaln o Agnufuliludes higaymialul

Tidwiaes uazmisaausndeya (Data memory) MHilumiounszanumalunis
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Frnoesdiguazniuiiinioyainnsnanginen uidmnn i iiassdoyafas
v llmdeuiundasaiusuas (RAM) Durdasnanfiamediall usidmsy
Tﬂmmu‘[m@mﬂ%ﬂﬁﬂ%mmﬁmwﬁﬁﬂgmzﬁﬁy’aﬁLﬁuwmﬂmmﬁmﬁu X
HioyaazmaliiflolidlWiaes uazifiu EEPROM (Erasable Electrically Read-Only
Memory : EEPROM) Bsansngaifiutioya Hud i lides

4.3.3 duuindafiuglnIdniguenyzenesn (Port) § 2 AN
AENBIABNNA (Input port) WATNBIARIRTY Y IWNIBNBIALBIANA (Output port) HIK
flaztiunsdensatuguUnsoineuendodnfudamiididyunn Heanduszndng
Wﬂ%@ﬁuwmﬁ@%uﬁiyiyﬁm a19azfasnaneaind et lUdssananauazas iy
W@J%mmﬁwmﬁ'mmmm i1 N1SRREIINBIanA (N

4.3.4 BRI NLAUIBIAY QY1031 (BUS) ADLAUNINNIS
uaniAsndyaotiayasindndily micuaasdiuazneds ndnuosyns
aedyarsamannnegnieludalulaspeulnsaasslnaudiviadoys (Data
Bus) URUBALATH (Address Bus) Warti@AquAN (Control Bus)

4.3.5 WIIRUAANEYYIIRNN (E-learning) Wuiiugauilszney
fddryunnandnmiaiasannnsinmiiissuluiluTrsraulnsaasfeciueg
AUNITIMUATINGE mﬂfo"fiyfyﬂmmﬂmﬁmmﬁ'qﬁ\imzmiﬁqmuﬁ%muﬁimﬁ’]
TratuaanarinhilasneunaaasdsiusinnudalunisUssaaanansniéog 191
arnsaiindndstunisruasinlasreulnsaiansHaannsdeulusunas

(N) AN A (Assemble Low Level) @enlusunsunaisussin
uinnavinsmansilpsnenlnasiansfinansagamanzgnaon ndidunienees

(2) N1 C (Middle Level) @emlisungadiagndinnisn A
yinsndnndnfisiundt usilaqiuliimuaniaanusalunisyiemens
Tulrsraulnaaiaed Winausaaseeufeuiisuwinnisn A wén

(@) NEIEANT] f%’mﬂummﬁﬁwefumimu@NTﬁiLmiN
gunsalansnsihmnssaadmnsunsiamnsuuulasreulnsaiansfnensega
PSI (Stamp) (A

- 1191 Basic Stamp

- Aw1 Java Stamp
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4.4 9198 (Arduino)
Arduino (2016) Arduino fia (ulasmaulnsaaasafisn Open-Source
Platform @nw3uniaa3nedinuuunisdiinnseing lnaflqmsjemsnalik Arduino
Platform i Platform fidnasanist#sns, Tag Arduino Platform tsznaulléng 2 daw
FanFoysan
4.41 875aua% (Hordware) Liuuadndidnnanfindnnmdnia
Tulasronlnaaimas (MUC) iududauman griandaznoudandugunsal
Bidnnanfindau o e liiesanisimmdefidands uasa Arduno Tnsuasa
Arduino isfiinaneguliidenti TnaluusazsuenasianaunndsmiluEa e
PWPYBIUBSAVEETUA 121 S1WINTBITSURIF YTy 104 WIFHINATE UszAngam
209 MCU 1ngin
4.4.2 saNFAwIS (Software) Usznaulidioe
() Arduino Tnwn C/C++ dmsuidanlusunsnmiunn MCU
(%) Arduino IDE (ffuedasfiadiniudenilisunanfosnisn

Arduino ABNIWA (Compile) wazduInanlusunsuasuass (nnwlsenay 21)

| File Edit Sketch Tools Hel

sketch_mar28a

I::‘.ci setup() { A
// put your setup code here, to run once:

}

void leop() {
// put your main code here, to run repeatedly:

Arduino Nano, ATmega328P on COM3

AMWUgznay 21 Arduino IDE
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aw d 4 'R
JTHIFEVILAETYBS

Touiud losa (2556) AnunuaziFeufieunman@lnadusdunsaen (s

(MoO 3) uazdynlamanlad (Sno, ) ielHiiulasabneasfiduunedmiungiadn
faavueadeedtunniinseuailnneds wudifiveansdainnsonsaadnfing
.ovHaalAAndT 50 ppm goungf 240 °C dlnauitinlnsennlafanune
m5793A (7 100 pom goungA 400 °C einannladannsonsaainfinsieniues
Anduitsandnfilassatouuuurisn i EAuARandnlvauiin lnsoan o

[

A v & AL Aa o !
H ﬂi&lmﬂjﬂ‘j\‘lﬂ‘ﬂﬁLLUUEU‘]J@’W_ILﬂNNWMWNQ‘H@EﬂQ’]

-4

Mitsubayashi, Yokoyama, Takeuchl, & Karube (1994, p. 3297) ﬂ‘jz‘c?mﬁ
weaneged [wlswuesuuuinnnad msunsaadafingseniuea lne 3ieu sl
WeaNBEaAenn@as (Alcohol Oxidase : AOD) iy Tawsusndndaunda Wi wudd
ANNTATITARNTENNDE [ gsesA N NN EaRaus 0.358-1242 ppom
ueanazediulaimuresfinnannsatunisdndenienaags Wefiaanfiva
Rasiiv T warlinnsmeuanesdniiassoanaiafinani

Bihar, et al. (2016, p. 1) UszAugusanssad ulpmssiuuunszasly
stnuMudafiondasnsmganasiuafidmiunsedulaszmaianiuos Taal
wouls] ADH wazlaanlasd NADT Winlulaimwaes sdsuunaudanes miuas
Funad (Organic Electrochemical Transistor : OECT) #aedidnnsladiaa das OECT
dunefimesdssny Poly (3,4-ethylenedioxythiophene) Was Poly (styrenesulfonate)
(PEDOT : PSS) Taeifiuriasuunszans wudn su1sans999ulessinevesieniuea @
Tugassiaust 10-200 ppm n1sT¥ OECT wunRmiidangnelunsimuAsasnsaadn
weanosaduuy Hudafi

-4

Kuretake, Kawahara, Motooka, & Uno. (2017, unpaged) Uizﬁ‘k@
woanages lawmweasing ke Tnetieulnisantmadululommusasedaun
FaliAsUeuLnNTzaElasHn N Rdmsungaesulasymenaseniuas Tnelé
FBnsRuRaNdu nudn weanased [Wisimusasauisansiadulasewieayiuem 3
a9 50-500 ppm B Windepuan1satunsngaasy lassmensaeniuealy

annelalagnig e
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Samuel Lim, Soh, Poh, & Liu (2017, p. 58) AnuuazilaeuLfieuauaNa

s lvydlenlnaan(es (Ti0,) wBsnmsnesn(ss (BaTio; ) d#mduasaain
uaanagadlaeAtydifnunniinaonaiiamess (Magnetron sputting : UBM) fifluas
Tifl TIo, nano-rods LARBLBELUUBANEWIINDS YinnManaaainuaanasadiigomgf
25 ¢ Toeianueaitfinonsdings 1.6 x 10°, 7.9 x 10°, 3.94 x 10* uag 1.579 x
10° ppm wudilugaadwaslmfianlraentsd wEsnbinaneanlediaid Tio,
nano-rods Haxlaseieniueaninndtiumiianineanisd wEenhmas
aanladfAlT TIo, nano-rods wazuuEsnmmnsnaantesdsl T, nano-rods uaag
nanTunnafiusafianasennnduuiandsduensen e Aty

Singkhleewon, Thanasin, & Khambum (2017, p. 69) WeNWIEWLIEaI {1
psvainfnsanueaiiaingUnaciamuaumsfinadesEndnasusd Taeliags
MQa-3 e sfinanatadulasmmeieniuaa e lauasi e
Foyoyrositnlne i lulasreninsamesaiin Arduino nudndiminaudiaduaes
uaanesad A arasiiudiimdawingy 50 mg% gunsolazinnievinenyes
sruuqaszdnpan vinlillasnsaRaLAEesusla

Kim, et dl. (2018, p. 825) Wanniduunslsslaiiansnsamalalugnent

a a g o o [ A P} 2 %
?JLﬂﬂ%ﬁﬂuﬂﬂﬂ"l‘ifi‘j‘uWﬁ%@ﬁﬂﬂ’]‘h’LﬂW’]uﬂﬂTﬂﬂ’]ﬁ DC uNNHATaRatlane3y Faan1s

sudniunegaugysuazsruuEany (wenie) lassadeiudamiosznau(y

Faedien moanlzs auniawluunafi (in, 03/Pt nanoparticle) H@aansunly
(AGNW) s Tty wud’]ﬁmimummqamﬁﬁm:mgLﬂmumﬁﬁmqmﬁm%u
Hpasous 95 ppb (Lautle 732 ppm mmmmiq@fi’mfﬁsfuﬁqqfqmvigﬁﬂf”m6?\1LLm' -
40°C 9 125 °C uazfimanuatissiunisieuninds 155 Ju

Arakawa, et dl. (2019, p. 245) UszAvgupanssnd ularmaniuuy
Baasl (Bio-sniffer) A1nsumsnadulaszmisianiuaatsiianii T t¥iawlasl ADH
wazlaenlned NAD* iululaimuees wudn aunsansaedulasewevedioniue
aunAntATuzag 25 ppb @ 128 ppm ANEITHAGIEABETILsTEND: 70 17 Mdsann
AnudnADs 7 anas

Lawson, et al. (2019, p. 306) UsrAnginians MOX @ndLnsaadn

Laanesed mdasieAiansienunniinsauatinimeds (RF Magnetron sputtering)
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TneliRuninenniad (Sno,) Winlaseadwwasidn iwwmes MOX Usznauldng
g 3 fadmiunTiaduieviten axslan uazanduiisaeyusesatiadlo
Ramilazassanadativrasunanosed uAaneaninhugleasvie aanndnsiy
saurnanseaien annels uazwie neaasuTLIEes MOX Bn 6 Uszan Tud
TGS8100, MICS5524, CCS803, TGS2620 wax TGS2602 ﬁmflwﬁwﬁuﬁmmmum
10 uay 50 ppm AMNEW 50 % WUTTEES MOX SnO, HANANITABLAUBIFINGT
DS MOX 119 6 U509 7525unianananss 7.8

Mishra, et al. (2020, p. 1) Uszugaunaninseaduiwiuadsduuuumnon
Amsunsadausanasadiuinanslne ¥AansAnands (Screen printing)
wwanaged U larmumesuuunesinelsmmBnULHwIRRs LU B4A
Biannseind uarlfieulmniueanesedesndinadululaimuees a1u190n99930
weanegad Flneniseaninats asuwueaneges (wWlsmases anvoenstiesdn
naRsu D asuanda i aaesuuu L udafis nanistmszinudnainsg
asrataenues Fuasidnan1sinsnsilioys 3 wifl

Taha, et al. (2020, p. 1) AawEREasasUAsaTafzeniuealag
maupazif&n imdlentnaan (5 (TIO, ) Hydroxyapatite nano-composites 4a9)
wanfipReuULnR A e AR e R andu wudrTuasddaznauees (Tio, )-
HAp Twt% ANIdNEManIuaa 10 ppm finnsmpuanasLaziusaasnsamiai 20
uaz 170 Al goumnfifivinendle 33, 35 uax 55°C smnanasaadafinmenes

fﬁqu\‘iﬁm:ﬁw%mwLLﬁﬂgTuﬂmwmmﬁfauﬁﬁ AN NTURIRN L ANIUE AR
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8 AuNI5I9Y

g o a o/

Tuumil 3 nannfleneszidanredainfinnnsids ((museney 22) Yan
aunsol wazrdnsflanaanauiureniuniadiinnsidalrefineasdandaso Ui
1. N9FAATIRENL9 Ag Treds DC uuniinseuailnmneda
2. MawBNLeanssad (Ulsmumns
3. NNTIARNHHLANIZIDIATHNUN Ag
4. MadsrRuguegaupaneages (ulpimrs
5. nMa3guiisunanisnauauessafingenIuearesNega MQ-3
LS inTsiuuuy funega MO-3 waanesna (U lalmunes uavHegaueanosnsd

& o o 1 ‘a & Aa o
TUT@ LB INTATY NQNTﬂTuﬂqﬂﬂﬁm’ﬂ LANIBRHRNN

Synthesis Ag Thin film by
DC Magnetron Sputtering

v

Alcohol Biosensors

Preparation
Ag Thin Film Fabricated Alcohol
Characteristics .
Biosensors
L 2
* * A z
Crystal structure Microstructure Test Response

v

Compare method «—

0

AWUSZNEY 22 TURBULNNSYINASY

SOA

%%%
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1. NSFIATITANTNUNN Ag TaeiRB DC unniinsansilmnads
(Synthesis of Ag thin film by DC Magnetron sputtering) Arlasa1n35289
(Kim et al., 2018, p. 826)

1.1 mﬁm%ﬂﬂmm%ﬂq%uﬁiyiyﬂm (Preparation signal layer structure)
AFULSNLEREN SI0, UaY Pl 99191 5x5 mm? ¥nAnNazeafas NN iony e
AW AR TR HIUABUTIT (MMNUT2NBU 23) NMWSNeY 23 () UERNARNNS
VINTAIMHAZBTALNY SI0, Sumandt 1 SI0, AWM 5x5 mm? N ez lan iman
7 2 YANazeARasn1sauE T auEanAus ang lTRin Tuneud 3 s SI0, 2UIA
x5 mm? E19E0einnal TURauRt 4 ¥anNaza1nfau NI iouEItARLEA
a1 laRedunanad sy 10 wifl auaidy nawdsznay 23 (1) waasasn1vinaaTs
AZDVAWHY Pl Tmouft 1 wrusiss Pl anm 5x5 mm? fuez@lan duneui 2 vinaan
AeDNARNTAET auF ARNS AR [TRA TURBuTA 3 TUNY Pl 1A 5x5 mm?
&nalinndi Jusandt 4 vinauazenfasn1sauszieudianausans leniain
A1 NAL 10 W ATHAAD NNUSENaY 23 (A) HUKUTERYD9 SO, UAY Pl 31
yintusisnieldinis makuldaseulaelfmnawuuyia (Tuoe furnace)
awiazney 23 (9) dmundaulanislianseuiigomgd 250 C 4 h faridn

NFDUVFEANAY

(n)

AMUsenay 23 ﬁ’um@usfum‘jﬁﬂmwmmﬂLLN'u Si0, WRz P
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1.2 NMIAIATIEANANUNN Ag (Synthesis Ag thin film) #R9910
navUINNTANaSIaNY 30l dannaEnsgUuuansda i Ag TaeTiszuu D
unnfinsenaiinmess (nwdaznau 24) Agnudidemesludidnvind anniAdauas
W avAnendesisgananas UaznouludanurEassns RuouAg (Dc Power
Supply) Tuunniinseuaiinme3s (Magnetron Sputtering Gun) iaginns tugayayinie
warszuuvasfuinunniinsouaiinmeds sensBenidnung Ag Twieegeanae
(Vacuum Chamber) 7ifiaanssii (Base Pressure) 2.1 mT nnelfiussennieufiannsnam
(Ar 99.99%) 8R3MNTTMA 23.3 + 0.1 cmmin AINAUNITYINIHTN (Total Working
Pressure) 50 mT LAgasdne A s gaLIUASTiRaEacf 17.24 kHz i
naUSunszua/And i FidauaTnahenrainaesaten@enliimanzas Tag

Fanues S0, way Pl agvinsanninaiimaess 5.0 cm Haan 15 widt dmsunis

WPRBURAN Ag v 1 pm waziiu@aulunanfimunsanunissdanidnung Ag

DC magnetron sputtering process

AMNUTENDU 24 UAAINTZUAUNITFIATIEARRNLIN Ag AQedd DC uNniinaan
atlpma3 (N) 9vUU DC unninsauailsnnads (7) Sio, wag Pl
substrate AARNTELELHBF9 (A) WNRK () WAIFNI9INITIRN ()
AHAUABIFEYSYINTA (R) SIO, UAY Pl substrate NENRS

NI5FLIPILABIS
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2. NMSA3ENLaANEEaA (U laluEas (Preparation of Alcohol
biosensor)
2.1 ®#19uAH (Chemical)
1. Alcohol Dehydrogenase @101 Saccharomyces cerevisiae = 300
units/mg protein 25.31 mg (SIGMA-ALDRICH) LﬁU%ﬂHﬂﬁgMﬁgﬁ -20°C
2. beta-Nicotinamide Adenine Dinucleotide hydrate 98+% 19
(GERMANY) ifiusnunitgamgi ~20°C
3. Albumine bovine serum for biochemistry additional reagent IGSS
protease free 10 g (UNITED STATES OF AMERICA) \fiusnenfigamnfl ~20°C
4. Glutaric dialaehyde 25 wt. % solution in water 1 L (BELGIUM)

1
=

Ausnunfigaann 2-8°C
5. Sodium phosphate dibasic anhydrous 1 kg (FRANCE)
6. Sodium phosphate monobasic 1 kg (FRANCE)
7. ﬁfmz‘é’u
2.2 NMaMaENa9LAE (Chemical preparation)
2.2.1 wzsnasazagnasNaETnmes 100 mL (Stock) ARKLURY

91733989 (Cai, Xue, Zhou, & Yang, 1997, p. 341) TaeT¥annisfl 7 dmsunismaes

N19RZAE
M =We(@) 1 7)
MW. L
e M - AndNduts nas ananlnanasans

Tansazang 1L Bendn lwasadns (mol/l)

wt.(g)=  Hminuesans (g)

MW. = sealuanazesans (g/mol)

% = FIHIUINAVBIFT HATazas 1L

WAUNAITRZANYAITNIENTYN 0.1 mol/L 289 Sodium phosphate
dibasic anhydrous (Na, HPO , ) Tnain194s Na, HPO, 81 0.71 g azanenntFanm

wnsiagudadnalanninlduimsnnn 50 mL sansseNaITazane 0.1 mol/l
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Sodium phosphate monobasic (NaH , PO, ) %/dmimmﬂ“ﬂm NaH, PO, §10.6 g
avaneinUBrnondniioaudanne tanndausinnsumnn 50 mL nasennsii
#13Aza18289 Na, HPO, uay NaH, PO, WaslindqefuuadUsy pH 289a15aane
\u pH 7.5 Tnelfansaransraande lndanlaasanled (NaOH) uaraTaraBaes
nanlalasnansn (HCL) ansazansianaanaiadn 2 wih fiudinau ez Fansazans
woaaies 100 mL FulTugiuiigomga 4°C raunnsliom

2.2.2 AsNaTaTanLaanagad (L lalmEas 200 pl (Stock)
FauLa9e1nNAsead (Luo, et al., 2008, p. 1642) Tagnigrinieulesl ADH 9919w 3 mg
uwazlrienlzsl NAD® 99191 6 mg wanuasazaenaamainesateay 100 pL
AHLENGY 0.1 mol/L (pH 7.5) wasa i nan e s sarans

waanagad U lalsuressiuan 200 pL (NMwLlseney 25 was 26)

AMNUSZNEU 25 TUANIRNNTIeEaNAITR aNeLalEd ADH (n) w@idlas] ADH a1n
a6 Saccharomyces cerevisiae (1) Fa1aulsl ADH 91191 0.3 mg
(A) 1oulzs] ADH 97349% 0.3 mg Winines (9) dewnlnd ADH

T7%49% 0.3 mg WaNAUFITazasNaaWaWines 100 uL (pH 7.5)
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AMWUSZNEY 26 TuaaulunnSwEeNa1Taraslamwlasl NADT () Tawan (sl NAD*
(2) vinnnaEslaenlasd NAD* #n9uaw 6 mg (m) Tavelas] NAD*
F191 6 mg udnines () drlaenlnd NAD* 41191 6 mg HaufiL

a9aratgnasnaiWiwWes 100 pL (pH 7.5)

2.2.3 \3unaTaraeueaneged uleiminesdnsu i lunng
ssalen (@] (nnUseney 27) Aaulasenndsees (Cai, Xue, Zhou, & Yang, 1997, p.
342) WwasNaTazatsuaanasedulnmgesamsu i unsrsaenlminadunen
Faf ndszney 27 (n) wsnanTazatsienls] ADH 3191Waw 200 UL
ANy 27 (2) hanTasangionlesd ADH Awden(3anum 200 pL waniiuly
[93Z508ayAN 4 mg NWUIENBY 27 (7) WERENRITATANENGANTEAR (BF 25% wiv
fumauil 1 1Faansansazanengasaaiiafainanadadu 25% wiv Wida
Widiu 2.5% wiv dunand 2 3D9NANTATANENGANTERRA (BFanAHEiNdl 2.5%
wiv Tiglaansudisdiss 15% wiv dumewil 3 AaensansazansngmseadEfanaas
st 1.5% wiv Tslaansudiadin 0.9% wiv padid Baanangansead s
@mmﬁ’ﬁﬂumﬂ%ﬂﬂ%uw Bifunctional HanaAENas ansazaneiesls ADH
AMLITNBU 27 (9) ANTRANuDaNened (U latmne sTwaen Fasennsuin

Fulituaomnf 4°C 5 h Aswmasi o
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¥ Y ¥
AUNBU 1 UADU 2 UADH 3

1.5 % wt.

Anlszney 27 ﬂ’T’iLGl%T:INN’I‘Sﬂi@"I%ILL@@ﬂﬂﬁﬂﬂTﬂTﬂL%ﬂL“ﬁ'ﬂ%

2.3 38n15939enlEs] (Immobilizing enzyme method) FiRLU®I91NAS
9m9 (Cai, Xue, Zhou, & Yang, 1997, p. 342) Taedusninlaseadnefidnuns Ag 7ilH
IInIuREId 1.2 nvinmsstvenliunanesed U lamisns7maen (Fuwda tWin
Ag snunszuuntadenuinganaaafladuuy Cross-Linking lnsnnanenanaazans
oulrsilulaiuresuiunns 1020 uL Teel¥lulastliun (Micropipettes) 23791 10—
100 plL asumAawiingasda Wi Ag udwiluiniTulagaaaud (Desiccator) i
szeziamiteie ifinea musnesilUinBlumsazaeneamainines (oH 7.5)
figningfl 4°C pthetian 5 h ((wsznay 28) dauntsiluliem saersunisdn

vaannssaresiussulanareenlsdlnedtsaunsnsamninsalnd
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Si0,/Ag/ADH sample 2 PI/Ag/ADH sample 2

AMNUgenay 28 LLNWQ%H@]@NTHTT‘I‘EW%Q Lﬂu\fsﬁﬂﬁﬂilﬂq‘iﬂﬂﬂﬂq‘iﬂ?J@qﬁL’ﬂu\t"ﬁ'ﬂjﬂﬁ‘]_lu
T8AYB9 Si0, UAZ Pl (M) SIO/Ag/ADH sample 2 (%) PI/Ag/ADH

sample 2 (A) Ui (i Tnlagamndn (9) Tassainsuns

Si0,/Ag/ADH sample 2 () TA99a%19284 PI/AG/ADH sample 2 T

AT aY PBS

3. NSINRNYULLRINIZVBININUIS (Measurement of Ag Thin Film
Characteristics)

3.1 Tasasdnan@n (Crystal structure) Tudumaniiasifdnuns Ag 3
Anunlasvasednuoeusd ud Tnseadeesnan aunnueawan Aiasiiuandis
uazlpsesdneganindefiseandondasia (Ui

3.1.1 TaseaanAn2a9fdN L9 (Crystal structure thin film) Finen
K TneninTasemdtudoyoomiinssifaoeaednseinisdeauuessdng
\and (X-Ray Diffractometer) AT AR X-Ray Diffractometer : XRD-6100
Shimadzu, Japan (ailszney 29) TukesUfifins gudidamesludidnman
anhATouaz RN ITanendassdgananas InensiBaufiauiugiuioys

284 ICDD (International Centre for Diffraction)
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AUsznay 29 LAY X-Ray Diffractometer

3.1.2 AUIARANADIRNANLN (Size of crystal) NMTVIURIARANUDY
Afuue Ag Fidaufannnsodinesdlfarnguuunisdeaiuuesisfiondain
\P389 X-Ray Diffractometer lael¥ Scherrer Equation TAM9ANMIsimIzuIANAN2 8

ARANUWTHFaannIsa 8

LK
[ coséd

A = a g
bHNE L AUTANRNUBINANLIY

ANANTIYINAL 0.9

=

A AngnaRaureesadiand (CUK, = 1.5406)
£ Anandeesmisrasiandmudndugegn
0

ATININYBINNATITAFUINA AR

3.1.3 ANASTILARTT (Lattice parameter) ALA1EAINFULLLINNS
‘dy o/ 2 ] ! = a o o
Genunrasssdiendlagl¥aunisnianisrasrinesendnessnunanue s ldN U1

ANNTS7 9

a

—— 9)
vhi+k? +1°

dhkl =
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3.2 TaseaBn99ania (Microstructure) #m3UN1SANENANE DN

o/ =

A04g11IMeNIBIRANUN (Structure channel layer) Tnand3daiilindnsqansami

a9

BANATULLLFDINT A (Scanning Electron Microscope : SEM) (A wdsenay 30) N

N9 URNNTNEANEN F1213BBIINET HMANENAEI BN ANAUAT

AMUIENBY 30 NABI9ANIIAIBIANATENULLABINTIA

4 msﬂszﬁuﬁuaQmmmﬂ@mﬁfﬂ@muvﬁ@% (Fabricated of the
Alcohol biosensor module)
ABnsUsvhvguenaueanssed (UlsmumesdmiuanlalugUnsol
Adnvaeiing uaznega Mo-3 usanespalulaimunes (nwisznou 31) &850
AfinnNIE T Ae Lt U5
1. ﬁﬂm\m%ﬁmﬂm Si0,/Ag/ADH sample 1, 2 WAz PI/Ag/ADH
sample 1, 2 5aRETULHT PCB @anin MnEaeAgnnaian3 (step O1) ULANARBUKA
nsmpUaWesRlanafTanIweatuane Lﬁﬂuﬂ@mmﬂﬂaaﬂﬁfﬁﬁﬂL%um@%
amuaanldlugUnsolBidnnseindanisansuanassis lanafinzieniues 151
9xyINNN5UsTRYAMLUL HBga MQ-3 upanages (ulaimuees uarsudnall
2. npgausansgad (ulpmasssdmsuaanlalugunsel
Bdnvaefind7iFenniuneuit 179 3 fandne [Hun SI0L/Ag/ADH sample 1,
PI/Ag/ADH sample 1 & PI/Ag/ADH sample 2 3sidnfiunaaafuLuy MQ-3 (step
02) step 71 03 weliTiulAs9a519989 SI0,/AQ/ADH sample 1 W&z PI/AG/ADH sample
2
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3. NA9ANNINHINIABEN TN AFMTURINEY Y19 nRF24L01
\duuesalulasaeulnsiaasefia Arduino UNO R3 (step 04)

4. panwddunandinasaslas 1¥lu5unas Arduino (step 05)

Fabrication Alcohol biosensor steps

SiO,/Ag/ADH sample 2 PI/AQ/ADH sample 2

e

SENSOR
CONNECTION

R &

SENSOR MODULE

=

ARDUINO
PROGRAM

amiszney 31 uansinmenlunsUssiviuegaunanasedlulemises

5. msiSeuifisunanisnauauassiafinmaniueaszaswmaga MQ-3
e AnTfiuuuL fuNags MQ-3 uaanaaes (ulaIwiees uasNeas
Ltﬂaﬂﬂaﬂﬁfu‘[@l,szmLeﬁﬂ%ﬁqw%'umu?@i?uqﬂﬂsﬁﬁﬁLgnwsfaﬁﬂ@? (Response
performance test) AALUAITINTTUDY (Singkhleewon, Thanasin, & Khambun, 2017,
pp. 69-77)

5.1 n19USUIBUAINITIR (Measurement calibration) 38n193m

(nmdszney 32) Inanisadensanifisudinisda (Calibration curve) 56
LBANBHRRVBINDAA MQ-3 uirasfingfiuuuy fuNega MQ-3 uaaneaad
Tuloimnees uaznagaunaneses ularmueesamiuanlauglngod
fdnvaeiing Uszneulufaalassadnedianans Si0/Ag/ADH sample 1, SIO/AG/ADH
sample 2, PI/AG/ADH sample 1 uaz PIAG/ADH sample 2 Tnairdassinuaanaged

(181) AT aNENTuRILsSaaay 5, 10, 15, 20, 25, 30, 35, 40 laslHanni157 10



56

CV,=CV, (10)
C,  mudindsEas
C, mudinduiigiesnis
V] 1UBunm9ENdu
V,  d5umsfidieanis

naaasuieasUfifinislaauisnsmeasssandiu 2 dau fs 1.
nenasluinsnunniifigomgR 25°C (Condition) uay 2. nanaslusiasiibiliniunsy
(Uncondition) §uaanifinsantssmenasfinmevites smuasiiuinAias
Frunuiianuegs MQ-3 wmasinefiuuuy Nega MO-3 upanegnd
Tuloimees uaznagaunanesed ularmunesamiuainlatuglnsnd
adnnanfndululasneulngiandin o 30 s wdaaundirnaaadnun A

Tufinnan1saassivein U untsUssunanase i
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SiO,/Ag/ADH sample 1 PI/Ag/ADH sample 1

(v)

R1 R2
[)]
o
3
(o]
el s
re)
=
oy
5
R4 R3

O

|

(A) Input Voltage

(9)

AMNLTLNAY 32 LEANIENTANALAIEENINES (N) NTVAFBLUNANITADUNUEIFD
fraenueasnsnega MQ-3 upaneges ularmges (2) a9
Thseadetudty oy oifinmmtn arnnnAs lnseasneees
Si0,/Ag/ADH sample 1 WAz PI/Ag/ADH sample 1 () LaANNTTUZAT
VLTS (9) NINARBUANEBNINBAVBINBAAUDANDEDS

Tulpimmaaidmiuanlalugunsaididinnseiing



5.2 AAT1EAUTLANENTNHNANITABLANEY (Response performance
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analysis) ALAF12U ST ANENNNALBINTTABLAUBIABNTENIHEALBINDAR MQ-3
[2%

-3 v

LERLTBINTTARLUL NBAR MQ-3 LL@@ﬂﬂﬂﬂﬁTﬂT@LsﬁuL"ﬁﬂ% LL@ZN@@@LL@@ﬂ@ﬂ@ﬁ

TulamaasdmsuanlangUnsaiddnnssindandraassinumuinin

dunewit 5.1 lnalannisi 11 TunsBnasding Jaganameiindmiuntsvasey

2995714519 (Basic test loop) WA THAN3197 3

Ps =Vc?xRs/(Rs +RL)?

A9 3 uansiiayan 1 mARAEINTUNITNARBLNITNHG N

Model No.

MQ-3

Sensor Type

Semiconductor

Standard Encapsulation

Bakelite (Black Bakelite)

Detection Gas

Alcohol gas

Concentration

5-40% Ethanol

Circuit Loop Voltage Vc <24V DC

Heater Voltage VH 5.0V+0.2V AC or DC
Load Resistance RL Adjustable

Character Heater Resistance RH 31Q+3Q (Room Tem)
Heater consumption PH <900mW
Sensing Resistance Rs 2KQ-20K®Q (in 5-40% Ethanol)
Sensitivity S Rs(in air)/Rs(5-40% Ethanol)=5
S|Ope a SO'6(R5OOppm/R1OOppm A|COhO|)

Condition Tem. Humidity

20°C+2°C ; 65%+5%RH

Standard test circuit

Vc:5.0V+0.1V; Vy:5.0V+0.1V

Preheat time

Over 48 hours

Ps = Power of Sensitivity Body



UNNA 4

NAanaznNIsandsisy

TuumiiunnsseeurnanITAdeLaAnssinan1sies UsynaulUfng
suazBundrnLa
1. N9ANEIANB RN AN Ag
2. UssRANBNINNANITADLAUBIFBAIHLENIHER

3. pralunsinensnegs MQ-3 upanegas (ulpimures

1. ANSANEIRNYHLLRNICAVBIRINUY Ag (Characterization of Ag thin
film)

1.1 NANSANENANE D NTEDINEN LN Ag (Characterization of Ag
thin films) NMIFUATILARNANL Ag UNIRAPEY S0, UAZ Pl AYSsULABUNNHRTEN
atlmeds unazuaunisdarasifiduuns Ag aganaliviasgoaaniefiaud
2.1 mTorr N lfiussennauian1snean (Ar 99.99%) WATATINAUNITINIUIIN 57
mTorr USunssua/dng iiienn@eanludmiunisaidinaess Tagainseua
FndinivinlinAewananiegi 310 v lnszuadnd indmsunisaiinmessdie

40 mA/620 V yidailazannd 25 W TnanTuniadamansit 15 wndl seuamslumngng 4

m1919 4 FeulaitElunszuaunisainmeda Ag

Base Pressure (mT) 2.1
Operating Pressure (mT) 50
DC Power (W) 25
Substrates SiO,, PI
Gas atmosphere Ar

Deposition time (min) 15
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ANEULANLUBNIBIRNFNLN Ag TARaULLlATIaE19289 SI0,/Ag/ADH
WAL PI/AG/ADH WUATRINTINIBSAANUIN Ag HARH ANHz@eUien aeyiauuss A

WA URWIIR T8930 Aauanstunnlsznaui 33

(n) (v)

“smm
5 mm
)

Amlszney 33 uanslaseadeiusyan0aesiENUIe Ag (N) SI0/AQ/ADH sample

() (

1(9) Si0x/Ag/ADH sample 2 (@) PI/Ag/ADH sample 1 () PI/Ag/ADH

sample 2

1.2 TageaB1anANva9RdNLN9 Ag (Crystal structure of Ag thin films)
dwsugUuLLNNTIAEY LIS RenFanninAfla XRD 1T SI0,/Ag/ADH
(AnUsznay 34) WugﬂLLUUﬂ'ﬁLﬁymLuu%ﬁmﬂsﬁﬂm Si0, 1’?'13434 28.7 31.0 33.1°
57.9° 413° uaz 44.6° uazwUTULULNSAELNITandung Ag Ty 383 uas
443 ynfieranngUuunnisdenusitiondas Sio, uay Ag Gelidumiinis
£198991nH1IMT3 14 ICDD 197l 00-047-1300 WAz 00-004-0783 Wudn A5LAn
Wdnu19289 Ag UNIaAPEY SO, Tog Si0, fazunuwinfy (211), (202), (212), (203),
(302) Uae (114) asnsananFdfduuniadeuuwian S0, Aeflduuens Ag
Taefisewnu (111) uay (200) Tnefiszuny (111) {134 Preferred Orientation RIUAANUN
Ag ThaReuundas Pl wusuuunaideaunsdionduazssunuresildaung Ag
(nmilsznau 35) udnuouzReaiAieiyn 38.3 uaz 443 Hezuiu (1) uas
(200) aaAAAENALN1HATE2a9 Nasehnejad, Nabiyouni, & Shahraki (2017, p. 2485)
NUULULNSLALALLIBS I ReNFaNnNATA XRD 189TEHLNY Ag T 38.41°
WAy 44.53°



v A
“s0
*Ag
| *
R LT TP
el Wil i
- g
bS] o
El
s
= Y rj""""“
2
ko)
=
AgHICDD; 00-0040783
SiOz-ICDD; 00-047-1300
T T T T T T T
30 35 40 45

20 CuKa (Degree)

ndsTney 34 WasuiigunsanKa XRD 289WANU Ag UNIERATBIS SIO,

Ag-PI
* Ag
|
W
W ) *
TP H’Li:ﬁ.}'f’ﬁmiﬂwrf)\m;'lmﬂ M Do

(111
(200) !

-

s

——
Z

Intensity (a.u.)

ol

Ag- ICDD; 00-004-0783

T T T T T T T
30 35 40 45

20 CuKa (Degree)

NUsENeY 35 Wasuiiigunsanna XRD 29WaNU1e Ag UNIaR5893L Pl
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1.3 BUIANANIBIAANLY Ag (Crystal size of Ag thin films) UIANAN
2RIAANUNY Ag 1(fie1n Scherrer Equation Tmﬂmv?r’ﬁgﬂLmum‘jl,?ﬁymmmm%’ﬁ
L@ﬂsﬁﬁﬁ:muqqqm (111) ﬁgm 2 0 Winfiu 38.26155 (AMWU9zNal 36) WudRax
U149 Ag RIWnesnAnvinfiu 31.99 nm f9aanndeafenisenes Sakara,
Kawamura, Kiba, Abe & Kim (2020, p. 2) fiRnunansozanizansianug Ag
Fapszidaeszunidunniinsanaiimaesenia liussennimesuiaesnend 2
mTorr WusWIARANIBsAANLT Ag g lutasazndns 30-40 nm waz Osanyinlusi,
Alabi, Yusuf & Orosun (2020, p. 2079) ‘ﬁﬁmﬂﬂ@WﬂNﬁ@Tﬂ‘Nﬂ%’NﬂﬂﬂﬂﬁNU’N Ag WU

PNPRANTDIRFNLU Ag HenagTras 26-36 nm

Gauss of B

100

80

60

Intensity (a.u.)

40

20

T T T T T T T T T T T
37.0 37.5 38.0 38.5 39.0 398.5 40.0

20 CuKa (Degree)

A

NMUTENBY 36 NN FULLLNSIRELNSIReNGANN 2 § windu 38.26155
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1.4 pnpsfiasdies (Lattice constant) 1NHA2B9 XRD WL AN

Ag TiFnEnlwanAdeiilaseadandnuuusdunasAain (Face—centered cubic)
(nwiszney 37) Bednasivaniigaasiduus Ag Naswasnei Fvnfangmanis

o 1 ' = = A 12 | s
ANHIMNNTNTE PN TE NI s TN AN IusTUURAN TR laseadauuuin g dumne 5
Aalln aanAABNALNINATY289 Rauf, Ahmed, Nasim, Khan, & Gul (2016, p. 1) AN
AnvazanzansiaNUe Ag wudn Jlaseadrandniuguuumadumesfadn sax
Tudls Abdulhussain, Khadayeir, & Taly (2018, p. 130) Wway Jang, Kim, & Hwang (2021,
p. 176) FNHIANHLANIZIBINANUN Ag FNLATIEARIETr L LAZUNNTATDN
atlppass wudn Nanu Ag fidanseilFdlassadrondnuguuumndunes

a _ a [l a o/ ail o ° 1 zdl = ! a) o dl o/ Y
AvdnEufegnii Wetiu A A AILanTiT Wudn ARNU Ag RATIZA A
Henasiuanitiniy 4.072 A Baiiaduilefeuduinas1eBaninggnuaes ICDD

\@2% 00-004-0783 (%1519 8) TrefiAnasiuanfiawindy 4.086 A

c

s

O Ag

Face-centered cubic (Ag)

AMUTENBY 37 TAT9aENHANIBSHANLNY Ag HANYOILNANWUL Face—centered

cubic wEANBEABNEITNTINAaNLE9 T unit cell

A3 5 WisuiflauArinsguuarn1sAInlAsIEs AN AN LN Ag

Standard (ICDD; 00-004-0783) Ag thin film synthetic

Peak D-spacing  (hkl) Lattice Peak D-spacing FWHM Crystallite Lattice
position (A) constant  position (A) (A) size D (nm)  constant

20) A 26) A

38.116 2.359 m 4.086 38.261 2.350 0.262 31.985 4.072
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1.5 Tﬂidﬂ?jwﬁz@ﬂﬂﬂ (Microstructure) AMWae SEM (ATwU4enay 38)
UWAPNANE L AURIBIBUNANANLNY Ag TLARBLLNTER2EY SIO, LAY Pl 11
find9zene 5.000 x WAL 10.000x WU HEUFIUAINLIBIRNANLNG Ag NHAINMUT 1
um LARBLLNIRAYEY SI0, Uaz Pl HR9E Y TneAdnung Ag mdauunian Sio, |
a = a 1 I A 4‘ =} o/ ¥y o dl
AaBeuuasfinuidunnndnfdnune Ag fidsuundanes Pl s lidaimunSenl
N19EIALABZIAITH FAAAABNNLNINA98289 Mohammed, Abdulridha, & Abd
(2018, p. 615) NANHIANHULIRWIZIBIRANUN Ag WL RAIDIRANUN Ag iAN

WU 1 um HRAFLULEWLALANY

f
,/'\

BIO-SNRU 10kV 5.9mm x10.0k SEM ~ * . .‘ 3.00pm

AMNUTLNDL 38 LAANATNENY SEM 289RANUNN Ag (1) (2) RANUNN Ag AtARDLILIN
769 SI0, WAL Pl AiNNAsBEe 5.000x (A) () RANLI9 Ag AiLAREU

undan Sio, uaz Pl Aifasagng 10.000x.

2. UsEANBAMWNANISABUAUDIABAYLENTHER (Response

performance of ethanol gas)
2.1 nagaueanagas (ulaimines (Module Alcohol biosensors)
wogaunanasnd ulpimurasdmsuaonldlugunsaldidnnsaiing

(Module Alcohol biosensors for wearable electronic devices) (MMWUsznay 39) A

AMUsznaY 39 (M) (7) waAs Module Alcohol biosensor SiO,/Ag/ADH sample 1
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AMNUsEnaY 39 () (3) kams Module Alcohol biosensor SiO, Ag/ADH sample 2
AMNUSENaU 39 (9) (R kamI Module Alcohol biosensor PI/Ag/ADH sample 1 kag
AMNUsENay 39 (%) (7) Lams Module Alcohol biosensor PI/Ag/ADH sample 2
NANDULIERNBNINNANITABLANBIABN BN INDALBINDAAUDANDEDS
Tulawees Taanisdariaudinmuini (RS/RO) uamstunnUsznay 40 uas
41

180 190 200 210 20 180 150 200 2j0 250 180 190 ' 2i0 250 180 190 200 210 230

amisznay 39 wegausanssed (ulsmsesdmsusnldlugUnsoid@nnssiing

MIIRAIAIINATYIUINAN (RS/RO) 289nagauaanaged
Tulammensdnsuaalalugnaniaidnnaafing (nwdaznaud 40 uaz 41)
Usznaullfaenagaueanssndulamines Si0/Ag/ADH sample 1 HBAA
weanosndUlaisuinns Si0/Ag/ADH sample 2 upgaupanasas (ulpimusns
PI/Ag/ADH sample 1 Lmzm@@LLﬂﬂﬂﬂﬂmﬁTﬂmsﬁuLm% PI/Ag/ADH sample 2 Afim
W B AILAAI TS A FINE IR H AT B TTeS (RS/RO) UWaZRAA
WHINBHLAAIAdEE NI aefing RS Minneds A udunauiufingsing 97 RO
WHNEEY AHETReTEE S A NN Eneeseuea 5, 10, 15, 20, 25, 30,
35 Az 40% mﬁwmﬂ@uﬁ%mm@?mﬁuﬂ'ﬁmﬂ?ﬁL’ﬁ@ufﬂmﬁwmmummﬁmﬁ 25
°C+2 °C;65%+5%RH ﬂﬂﬂLLﬂﬂﬂﬂﬂmﬁuﬁﬂ\?ﬂ']UﬂN haz 31 °C+2°C;66%+5%RH 2849
WwanBged AN NuIARania U SelsrAvBnneesiesiioTainesfoeia
RS/RO #¢flua9 Dynamic Rang 0.001 fis 0.999 winAnaufingevnineauennes

a ' o o ' ' G ¥
3~|"IﬂLﬂuﬂqqLsﬁ'uLeﬁﬂ%@zﬂqu‘iﬂW‘iqf‘V@U\fﬂ DS BRATNTIY O azaInIn



66

HUTESETMAT RSRO IHINNG1 1 MsAIHd BN Iuea e 1N
TasaNTangaay Fdidntias

FINNANITNAREY WU Module Alcohol biosensor Si0,/Ag/ADH
sample 1 {A1 RS/RO mﬁuﬁwﬁzmqq 0.191 §1¥ 22.09 Gfuﬁmmw-guﬁﬁ@mmﬁ
25°C uaz 0.461 & 2.609 Tuan muandanyiall s Module Alcohol biosensor
SI0,/AG/ADH sample 2 fifn RS/RO o tutinsaznang 1.7 d 12.49 huimanauauiisl
a0mnfl 25 C uaz 5.56 9 11.66 Tuanmuandensiall dfudanida Module
Alcohol biosensor PI/Ag/ADH sample 1 ##1 RS/RO @gjﬁﬁumﬁwd’m 1.786 §4 11.622
Tusiesmaunnidgomgfl 25 C uay 5.964 f9 10.928 Tuanmuandasvinll uas
Module Alcohol biosensor PI/Ag/ADH sample 2 ##i1 RS/RO @gﬁﬁuﬁf}d‘jwd’m 4.426 99

20.81 Tudinsmunniifigomg 25 C uaz 0.85 v 5.794 Tuanmuandesviaf

Resistance of Alcohol are under conditions

22.5 4
21.0 ]
19.5 ]
18.0 ]
16.5 ]
15.0
13.5 ]
12.0 ]
10.5 ] K ; P
9.0 ] -\ @ g T
7:6. * ;N :

6.0 ]

4.5 4

—Il— Module 5i0,/Ag/ADH sample 1
. v * Module Si0,/Ag/ADH sample 2 7

= 'Q' ~ Module PI/AG/ADH sample 1 ’

--@F - Module PI/AG/ADH sample 2

RS/RO

3.0 ]

1.5 ] (A : ORI S

0.0 ]
-1.5]

Ethanol concentrations (%)

amszney 40 uansann unsreusuessefintien usaTeINBgALE ANDEES

Tulaimmeasigomaf 25 °C

FINNMNUTENaUT 40 axiinlfanaaasaoudinduaas
LERNDERRAINA 5% (Uauile 20% Module Alcohol biosensor PI/AG/ADH sample 1 L&

2 pauauBIAafingen Iuaa BAnNT1 Module Alcohol biosensor SiO,/Ag/ADH sample 1
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WAY 2 WA Module Alcohol biosensor SiO,/Ag/ADH sample 1 kA% 2 9LAAUAUDIFE
[2% v A 1 A [l v v rf% 1Y =3
finganiueaFAndnfitaseespnuidndueesueanasedfsusdauay 25% (Uauils

40% mﬂsfﬁm'mmmummgmﬁ 25 °C+2 °C;65%+5%RH

Resistance of Alcohol in the General environment

12.0 *
105 ] #3* *
] @ S *‘*
J \\\ '_" ".‘ - Q
7.5 1 K/} o
O 6.0 @ ; @
% ]| I Module si0_jAgIADH sample 1 #
o 45 _- - * * Module SiOzngl‘ADH sample 2
3.0 4 “m“ Module PIfAg/ADH sample 1
"0" Module PIfAg/ADH sample 2
154 m__ Y S, S S :
0.0 T T T T T T T T T

Ethanol concentrations (%)

amdszney 41 uameann iunsreusuessafintien upaTeINBg AL AND IR

Tulamgasfaniwindanyialy

snnmisznaud 41 axdiulidmegaueanasadlulamires
amsuaanldlugUnsolBiannsaiindlaseadnswas Si0,/Ag/ADH sample 1 uaz
PIAg/ADH sample 2 aauansssinfinsianiueafifnd) nagaupanosnd
Tulammaasdmsamlaiugunsaldiinnssfindlaseas9me9 SIO/AG/ADH sample
2 LAY PI/Ag/ADH sample 1 waqﬂﬁqqm'mL%’N%’uﬂmLL@@ﬂfﬂamﬁmﬂGﬁﬁﬂmwmeﬁﬂu
yialU arnwanianaapsiindiuasduiinlsransninnaden Eianifusananim
LAYaIANgNEsTan Pl fanmgnndfledieudu sio,

ANNANITIAResdduaTnagUifidn nagaweanesed
TulommaasdmsuamnlaugUnsaiddnnisfing sunsansusuasseiingeni
waaFlaannsUsnfinaind RS/RO Fifsuulas nasanniusnassiilaseadnees

wopaupanagad (ulpmsssdmsusanlalugUnsolfi@nnseiindUysemivg v

a9
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noAa MQ-3 usanssad (ulsmwsnslnalinaga MQ-3 gas sensor iunega
Fuuuy Welhilumugeddmsunseiafinseniueauuunsiniauas Heming

2.2 #8g8 MQ-3 upanages (ulaimuaes (Module MQ-3 Alcohol
biosensors)

unannasuiian T Fidunagniifyanusiugilisuanumdlaln
a9l nasenlsziv§negauaanesnd Ulsunesamsuanlaiuglngnd
Bdnvaeiinduda AuAunihagalun1snannegaueanesndulsmunesianis
Uszivgiunninsaaduine@anmlnelinega Mo-3 wwaasfinmdunegasi
Fuuuy Fufugunsolimneesinemaign aunssimumasieiomauansi
amilsznay 42 uazieifinlaseaiveasega Mo-3 weanesadlulaimunesiu
NaRA MQ-3 \ansfingdnduuun #i awisznay 40 (n) (o) Aa noga MQ-3
\mresinndiuwuNe [ iulAs9aE 19289 Al,03/AU/SN0,2 ATWLsEnay 40 (A) (4)
B #BAA MQ-3 Alcohol biosensor SiO,/Ag/ADH sample 1 AnL5znay 40 (3) (1) Fp
NBAA MQ-3 Alcohol biosensor PI/Ag/ADH sample 1 uaznIwulaznau 40 () () An
NBAA MQ-3 Alcohol biosensor PI/Ag/ADH sample 2 L‘a‘ﬂm%mlﬂc:]@ MQ-3 uaanasaa
TulammansiivinsmuuuBaeinfonsaga Ma-3 ismeasiadasuuulilae
A9918 T DC 5 V A mSunaseul AN WHaN1S R UANesafiNenIues 1ag
AMFIRANANENUNIUNAN (RS/RO) aaaimunes Useavaninwaanuatiunig

@]ﬂ‘i_lﬂuﬂﬂﬂlﬂﬁv”lsﬁl,@‘i/l"luﬂﬂLLNWGTMﬂ’]Wﬁitﬂ@U 43 WAy 44

l SO CeEmE) W g ’
B0 150 200 210 250 230 10 190 200 210 230 230 © 190 200 210 20 2 0 19 200 210 2%
| s o i

1| | s {

230 80 190 200 z]o

ANy 42 uaslasssdeeesnens MQ-3 upanesnalulmuaesiu vena

MQ-3 1 LEa3ANYFIFLLL
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NIMARBUUSZANENTANANIABLANDIABRNHENIHDA BN
189H89a MQ-3 unanegpalulsurniiunngs MQ-3 wurasfingsnfuuuuis
Tnaga Ma-3 wrpifnsduieyadrsduazaauifisuiunega Ma-3
uoanezed [ulaimirasniian voga MQ-3 woanssadulatmanSinmun Ty
THsunamaaeunalianinzupsginil 25 °C+2 °C;65%+5%RH 2a9uaaNDEad Iy
ﬁmmuqu ez 31 °C+2 °C;65%+5%RH, 31 °C£2 °C;66%+5%RH, 29 °C+2
“C;66%+5%RH WAL 27 “C+2 °C;65%+5%RH 189uaanasad anInuIndonsia (i
Homumasannsanmsdufinmeaniuealueinelianfanisnaeuuasen RS/RO
yosieies Tngdn RSRO azuansrndi 1 Gamnefsanmitbidluanassseniues
ADH gnrinyuntiiiuginmsnady dosa RS/RO auiinnadsuuasfioifaffsen
pandindussndnenladuarineeniuesa a1nnmaseULsEANENTWHANTS
pavsLesdafinmen e aras e radniussueanesadRusEasaz
5,10, 15, 20, 25, 30, 35 Uaz 40% WBANBIDA WU NBAA MQ-3 iEaasAngda
Fuunufidn RS/RO o ludasszndns 0.18 f 0.308 Tuimsaruanfifgomnfl 25 C
uaz 0.222 &4 0.79 DumnmuandosinfU seasnsegs MQ-3 uaanagad
Tulaimmeas Si0,/Ag/ADH sample 1 {61 RS/RO agftugnaszndns 0.014 v 0.01 Tu
FesmuanNAfigomaf 25 °C uay 0.012 v 0.022 Tuanuandasviafl drAudmann
An naga MQ-3 upanasea ulawmisss PUAG/ADH sample 1 §An RS/RO agjtuas
3e11d14 0.214 £14 0.59 Gfuﬁmmumﬁﬁqmwgﬁ 25 C uaz 0.442 f19 0.946 Tn
annuandanyia LAzHBRA MQ-3 uaanagea (ulpimuses PI/AG/ADH sample 2 §
fin RS/RO o Tlga9sendn 0.226 i 0.677 Tusipsmunuiifgomgi 25°C uas

0.4383 79 0.952 TN IWIIAE BT [ ANANRL



70

il MQ-3 gas sensors.
Resistance of Alcohol are under conditions | s mo-z sioyamon sample 1

0.8 @ - MO-3 PIVAQIADH sample 1
=T .. @~ MQ-3 P/Ag/ADH sample 2

0.74

0.6 4
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0.4 4

0.3 4
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0.0 4
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Ethanol concentrations (%)

ANUsEnay 43 u,ﬂmmqu?umm@u@umGiﬂﬁflsmmu@mmm@a MQ-3
LL@@ﬂﬂﬂﬂﬁfﬂT@LSﬁuLsﬁﬂéﬁum@@ MQ-3 L5 AN EFIH LU

NN 25 °C

Resistance of Alcohol in the General environment
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0.14 -4}~ MQ-3 PilAG/ADH sample 2
w] ¢V eV wow W
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T
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Ethanol concentrations (%)

AMUIENBY 44 uameAN INNNIRBLANBIRBR TN IHERTBINERE MQO-3
weanesad (Ulpmumpsiunaga MQ-3 wuanifinmdasfuuuud

ANTNULIAEANTI (1

AWUITNBUT 43 uas 44 uamns iiudelsrandnmiunisneuanes
snfinmanuaanielifissarugniifanmgi 25 °C uazanwuandenyial an
nwdsznauil 43 axdinlAdiusga MQ-3 Alcohol biosensor PI/AG/ADH sample 1 uaz

NBAA MQ-3 PI/Ag/ADH sample 2 pauausssafinzenuealfifnd) uega MQ-3
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RS ANTEIIULAYNEER MQ-3 SIO/Ag/ADH sample 2 nnalifasnrunuiis
a0mnfl 25 C uaznmisznaud 44 azdiilidn neaga MQ-3 Alcohol biosensor
PI/Ag/ADH sample 1 wasHaga MQ-3 PI/Ag/ADH sample 2 ARLAUBIABNIBANINEN
{AAndn wega MQ-3 wuwasineffuuuunLaziega MQ-3 Si02/Ag/ADH sample 2
dudsaiuudinieianmuandasniafl Tnadn RS/RO azaghudas 0.001 fv 0.999
fin RS/RO TiLsiduuansfunuanntan unismaaadufinmaniues enie a1nna
maneaesinsslunmisznaud 43 uay 44 fndisnnsiieys idudunsennnndd

o/

£ R B Sa = =
umﬁmmmmmmm AITHANTLBEANTINAN

3. A lalun1sinzasnaga MQ-3 uaanages (ulaizwiaes (Power of

Sensitivity body (Ps) of MQ-3 Alcohol biosensors)

3.1 UffBeneanBinduaasianld (Enzymatic oxidation)

Tuanzensenafidluanaasfitmeniues ADH sxduduluiana
rpsfngenueauasinUfiBeneendindissndraeulsd ADH uasfinsianiuea
(nwiszney 45) ADH ausansaduazduiuluanaenseniuoastiing
wwzianzasiupnnelneiesnBieuiuduamsmsandnluugUuuuees§ize
wuusRnaL [Fuasfida it Ag vawsiniidmenuiamesulasdoyoyrome
i e liluanaensfinmenneatuniniesiansedusziinganinz iy

1Ia1 1-2 Wl

ENZYMATIC OXIDATION

P4 & > &
ethanol gas ‘ L4
CH3CHO CH3CH20H
Receplor \ }

ADH

.

Transducer

Electric Singnal

1 Ag+(red) Ag+(ox)
L
e-

= Poly-imide Electrode
i ADH

AMUTEney 45 unwdanansniafinUfiseneendinduaendtaenlnl ADH uay

TN LNQ@?I@Q%W%L@VIWH@'NT%@’Iﬂ’]ﬂ
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3.2 pu i lunnsnsaedaeaadulia VRL (Sensitivity curve of the
VRL)

wiulFa VRL (nwisznau 46 uaz 47) manatiousesigy (VO) T8
N1993999UU3991 (VRL) s sdinmilnan idulds VRL deuanflsannsansnse
Tunsmsaeduinmeniwesulanniuiunissnenasnuiinesmuees Tnadvan
Husiutladiu 49l udaulsnin gomgluazanadududoulamuns
AMsENaY 46 uay 47(n) uanaudiuli VRL 2asnega MQ-3 Lowaasingsi
Fuuuy nwUsznay 46 uay 47(n) uamadnlde VRL 299upga MQ-3 upanasad
Tulemunes Si0,/Ag/ADH sample 1 AMNWUSENaU 46 ey 47(A) wamnaLdulAa VRL
BINDAN MQ-3 weanesed [Ulaisuires PI/Ag/ADH sample 1 waza wlseneay 46
WAy 47(9) uanaEHlAY VRL 29988ga MQ-3 ueanagas (ulaimuenes PI/AG/ADH

sample 2 NAN1TTALBANDFDAUFAIINATTII O
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VRL of Alcohol in the General environment VRL of Alcohol in the General environment
31 T T T T T T T T T T T 6.4
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AMNUTENEU 47 LaAEULAY VRL 289Uaanagad IanInwadania il

FINNINUSENBUT 46 LAz 47 NFINLEAIATLTIAN VRL LAF9EN
AN [ TunN9R9redaueanagaai A NENTuIaseTuaasIud 5, 10, 15, 20, 25,
30, 35 uay 40% A1 VRL a2 fan15il sl aevinawe s MWLl et as a1nsn

1
=

A9I9T LR BN WA BN ATE 15uLsTeAuTes VRL aanidu 3 gaesiell gaeft
1 fiuassi VRL fifidnegturasszndne 0.001 fv 1.999 damglutnernusasin VRL 7if
Fntine 297t 2 Anusadie VRL AflAnaghutinesindne 2.000 e 3.999 dnoghutnen
W39AU VRL FiflAntnunans waztinedt 3 Ausedis VRL Aifidnelugassendas 4.000
19 5.000 dnaghugasrusefiu VRL AifiAnsnn aannsmuansrussdis VRL T
Aniaznaufl 46 uaz 47 asnsaagUlARE N 46 uaz 47(n) wansrusIA
VRL whiguiflauiuaaslaiunisaseadufinmieniwealuannipsnsnsaagl(fidn
MQ-3 a3 inasiniuuuy Endsnuiiumwnasuazainnsansaadufinsiani
woalETgneIrHdNdutinusiaus 1 B9 30 ppm siann N9T 46 uay 47(7) Fe
NPAR MQ-3 Alcohol biosensor SIO/Ag/ADH sample 1 Hnassninsnnuay
AsradURTENIWe A [TigmesasdndutiasnnTus iU ppb Saust 309 ppb T

auiivils 3 ppm AFLSANIAD NI 46 uaz 47(R) () Fe N8R MQ-3 Alcohol
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biosensor PI/Ag/ADH sample 1, 2 Wnassunintissuarausnngaadufing
uea ETTreIr NN Eususgae A Ndindtias Tlandernsenenann s
NANAUs 23 F 1270 ppm LAz 44 §19 1819 ppm ATHATAL v NBAR MQ-3
Alcohol biosensor based on PI/AG/ADH sample 1, 2 #18150R5999UREBNUBA F
Tudasspudindnansusanesad (fnf1endn nega MO-3 Lamgasfinasifuuy
WATHBAR HDAN MQ-3 Alcohol biosensor based on SiO,/Ag/ADH sample 1 31NWANTS
naaasdnsdnuansiiudennn i aizesusedie VRL fudamumsetiunasidsd
rpsuBAnaEafiisIniAdasadnsiinuiadestion Tnefiian gomal uay

ANEdndaulsan Aty



AN 6 LAASHANISIALEAND IO LD AND IR RTIR AN TN TR

15901 VRL mf-_usfﬁﬂmq::LLﬂ@n@ﬂ@ﬁu@qﬂqﬁu’%@gw%

w5961 VRL n1ellinnnazuaanagad NN TWWIASaNa (1

AITH
e o
MIHTUIBY -3 gas MQ-3 MQ-3 MQ-3 MQ-3 gas MQ-3 MQ-3 MQ-3
waaNaaaN sensor Si02/Ag/ADH PI/Ag/ADH PI/Ag/ADH sensor Si02/Ag/ADH PI/Ag/ADH PI/Ag/ADH
(%) module sample 1 sample 1 sample 2 module sample 1 sample 1 sample 2
(ppb)  VRL (ppb) VRL (ppm) VRL (ppm) VRL (ppb) VRL (ppb) VRL (ppm) VRL (ppm) VRL
5 30025 2.786 2582 4.92 940.671 0.248 h3.234 1.08 10661 1.942 2582 4.92 499.023 0.32 481.093 0.352
10 10284 3.388 1675 4.92 174.625 0.46 171.331 0.454 4188 3.006 1424 4.92 1269.92 0.154 1818.947 0.138
15 351 2.846 855 4.92 65.765 0.558 162.253 0.354 2376 2.95 855 4.92 753.417 0.15 776.629 0.16
20 1112 3.204 641 4.92 155.20 0.314 94.026 0.404 2119 2.706 641 4.92 503.726 0.16 325.355 0.216
25 137 2.89 523 4.92 36.880 0.584 310.58 0.2 1544 2.862 1660 4.92 96.536 0.326 521.481 0.154
30 600 2.934 428 4.92 34.060 0.55 47.385 0.466 1702 2.466 428 4.92 358.506 0.154 397.241 0.16
35 900 3.084 356 4.92 22517 0.618 69.175 0.352 10584  2.898 356 4.92 233.271 0.178 197.260 0.208
40 917 2.856 309 4.92 238.417 0.176 43.687 0.416 1220 2.476 309 4.92 257.560 0.156 200.750 0.192
Y VRL V 2.999 4.92 0.439 0.466 2.663 4.92 0.200 0.198

GL
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FINATTN 6 UWARNHANITIAUEANBTEE (HueaNDEadT AN
Finariie Wudn 1WA VRL wamefiemainannngn uniansnaduiinsieniue afiud e
pgarfungInendsRnaseITes 4ol tega MQ-3 Frmaen sy T
w398 VRL Tunssnanassiiinasaseeslnadinafewinfu 2.999 V uay
2.633 V naga MQ-3 unanasmoa (ulamuees Si0,/Ag/ADH sample 1 THus9siu VRL
Tunnsanenass i dnaaawinm 4.92 V winf NDAR MQ-3 UBANDERR
TuTawsumas PUAG/ADH sample 1 Wusesin VRL Tunnsdnemassmliiasidnais
winfiu 0.439 V uaz 0.200 V uazspga MQ-3 ueanssad (uleimuinns PI/AG/ADH
sample 2 Tus96 VRL Tunnsdrenassliihddmaewintu 0.466 V uay 0.198
v maliidenfurnsueanasadluinsmunsiifigomg 25°C uazanmuandas
yialu aziiulidn naga Ma-3 uasnezedlulaimugas PUAQ/ADH sample 1 uag 2
THusasi VRL Tunnssnendsembiintissnd sega MQ-3 fngsamesssiuuuy
uLazHERa MQ-3 uaanaged (ulsimuigas SI0/Ag/ADH sample 1 Anuiu 2% waz 4%
ATNAAL 6’?5@mfmﬂfmﬁﬁﬂsfumﬁﬂﬁwé’mw@"l’wfmﬁ@@mﬂmﬂ’ﬁﬁﬁﬂﬁmﬂmLLW@@W@%M

-3

tloyeyniachineg
3.3 Aulhunsdnveamges (Sensitivity body of Sensors)
arnllunisdnuesasga MQ-3 weaneses (ulaimuaesiunega
MQ-3 Lsiasinasadiuuun dvnadenlalunisaaeu <0.6(310+30)25 °C+2
°C;65%+5%RH 789UDANBHA HFBIAIUAN UaY <0.6(310+3Q)31 °C+2
°C;65%+5%RH,31 °C+2 °C;66%+5%RH,29 °C+2 °C;66%+5%RH way 27 °C+2
“C;65%+5%RH 1a3uBANaEARUANTHUAREENYIA
NanAsaUAH A NNNTInIBITTSIBINERA MQ-3 UBANBHDS
Tulaimmaaiiunega MO-3 Lowaasfinasiafuuuy (nwlsznay 48 uay 49) wudn
Tuiesmaunuidgomgfl 25 C noga MO-3 ismsesinainduuususansaaia
B ovuna (3 8999291979 189 30 pom waz 1 89 10 ppm Twan muandanyia
upgA MQ-3 uaanesad (ulpimngesinssannzansedafinsenueali o
5291919 309 ppb fis 941 ppm lnanegs Mo-3 usaneagesulsmunes
Si0,/Ag/ADH sample 1 81815999999 ARNHENINBA [H HE99981919 309 ppb 4 3

ppm HBAa MQO-3 uaanesna ulawuines PI/AG/ADH sample 1 aMs15aa9993Afine
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leVUpA [Hluinesendn 23 B 941 pom uazsegs MQ-3 upanasas (ulpimwses
PI/AG/ADH sample 2 #1%130R39949ARNTaNINER (A IHE95:11919 44 9 311 ppm 10
ﬁmmuauﬁﬁqmwgﬁ 25 C (nisznay 48) Tuannuandenyia NBAA MQ-3
LBANBEe4 [Ulal U509 A N3RS ARBE N TUEA (A 11HE999ENdN9 309
ppb fi 1819 ppm lnanaga MQ-3 upanages (ulsimuens Si0,/Ag/ADH sample 1
aHnTnRT99dninTenIuea [Flutasszndns 309 ppb e 3 ppm waga MQ-3
waanased [Ulaiuiaes PI/AG/ADH sample 1 #18190A3993ARNTLENINER (A 1E99
52Md19 97 £ 1270 ppm uazsega MQ-3 upaneagas (ulsimuaes PUAG/ADH
sample 2 #H19ATITARNBLENIUEEA [F IHE95211919 197 T4 1819 ppm
(mlszney 49) inmudinduaeseniuea 5, 10, 15, 20, 25, 30, 35 uay 40%
aanRdediLNNAdaras (Bihar, et dl., 2016) MlsyAviunanesedulamuens
Fnsunsaadafingienuealnelinefimes 3, 4-ethylenedioxythiophene Ua
polystyrenesulfonate tufuaimnsn Tngds screen printed UunTzAY uaslHiaulsl
ADH Taianlzsl NAD* iinlulaimuzes nudr aannsansedulassimeraseniues
TrTgnanasdadiusous 100 89 200 ppm uigsmsiimmadestunsTasinandn

L‘Wi"l::fj"lL‘ﬁuLLﬂ@ﬂﬂﬂﬂZﬁUTﬂLsﬁ'uLsﬁﬂ%LLUUT%LLﬁ'JﬁQ

PS of Alcohol are under conditions

. —l— Ma-3 gas sensor

Y mo-3 Si0,/Ag/ADH sample 1

-- M- MQ-3 PUAG/ADH sample 1
-4~ MQ-3 PUAG/ADH sample 2

Power of Sensitivity body (ppm)
g
1

T
o] 5 10 15 20 25 30 35 40

Ethanol concentrations (%)

amilsznay 48 uansaan [ iunisinrasiega MO-3 waanespa ulamunasiy

Nega MQ-3 LuresinasiafnuuuiwiesnauaniifigomgR 25°C
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sz 48 uansranlalunisineesega Mo-3
ueanagedulamurasiusags MQ-3 liaasAnaiaduuuniuiosnunuiia
NN 25 C Wud Haga MQ-3 weaneged (U laLune3 PI/AG/ADH sample 1 uaz
HDgA MQ-3 uaanages (ulsimuigas PIAG/ADH sample 2 Mu190A5999UA
v upa Fnnndnlaseadsesnega Ma-3 famureifasfiuuunuanega M-
3 uaneges (ulamunas SO /Ag/ADH sample 1 Tnanana MQ-3 uaanadas
Tulaimuas PIAG/ADH sample 1 ansnsansaadufnmianiuealigeiiganinds 940
ppm waziiAamsnzassnniigadnsutidumensnaaedufinsenmeanials
Fipsnnuanfiigamnfl 25 C

PS of Alcohol in the General environment
1800

1800 J
E 1700 bt —B— 103 gos sensor
% 1600 4 f Y "W MQ-3 5i0,/Ag/ADH sample 1
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B 13004 ; Y
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% 500 ] 9 X .
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Ethanol concentrations (%)

ANUsEnay 49 meﬂquTunﬂﬂﬁé’mﬂ@qwaﬂﬂ MQ-3 uaanages wlaemsdaasiu

NPAR MQ-3 tamasiasinfuuuutaninuandensia il

snnmisznaud 49 uansarnlalunisineesega MQ-3
uaanagediulamuresiusags MQ-3 wirasingiaduuuniufosnunuiia
aomgf 25 C wudn wega MQO-3 uaanesad(ulaimuines PI/AG/ADH sample 2 uaz
npAA MQ-3 usanosad (ulpimuinn3 PIAG/ADH sample 1 @19n3ang999 U
nuealAninninlassaieesanga MQ-3 frnmweessnfuiunuazings MQ-
3 waanesna ulawmines Si0y/Ag/ADH sample 1 lngupga MQ-3 upanssad

Tulawsmes PUAG/ADH sample 2 aMsnsansaaquintienupalfgeigasinia
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1819 ppm uazipaumunzannnfigaamsulfidusuresnsaaduiitaeniues
nnalfantazaninuandaniiall

auulfidnuena Mo-3 ueanssad(ulemusnivas Sflaseudiey
flunaga MQ-3 iaasinnsdiasiuuuy wudn ANFARTITTAINTDINDE (KRR
vuesingenIwes e Alfgganinis 1819 ppm Tuwnuedi NeRa MQ-3
[san SN fuLu A RE1e ARG [FRAaLLgIgR 30 ppm a1RT
Naga MQ-3 wwuasinadafiunuunsaadnfngeaniwesidaundinegs Mo-3
uaanazediulamuresinaiiaseindmega Ma-3 iweasiiedasuoud
Trs9a319Ae Al,Os/AU/SNO, Fa9999UAS SnO, ﬁ@mﬂuﬁﬁsﬁumimwffmmﬂﬁ
nansEfiauenuiieanfneaeniues (Bun wialadn, CH, LPG, CO, Hexane WA
BNABITINEIAINDY HUATABY UAT O, (L@ﬂﬂ']‘a‘%mjmﬁﬁ\lL?INLLN@QTW‘I’MN‘HQT‘I f)
wae BilFannzianzassiafnsenupaying Tu‘*nmzﬁ'm@@ MQ-3 uaanagas
Tuloimaresanasn 5 l¥sansaasuie ol ADH 7ivinswsantdulaeulsd NAD*
FaflnuansBannuaziiaanusnzsefngieniueaninngn lanafiasfinnis
unanueNaINansaand indau ¢ weniadsiasndy navinlinsaednfitmenineals
NaraapNvILEke aefing e nalEnS1endn sampdesiu (Mullor, Cabezudo,
Ordieres, & Ruiz, 1996; Santos, Freire, & Kubota, 2003; Sprules, Hartley, Wedge,
Hart, & Pittson, 1996) ﬁﬂi:ﬁyﬁuﬂﬂﬂ@mﬁfﬂ@LSﬁuLeﬁm‘LmuLL@NLW@T‘&LW%LL@:
AWenlFeulnsd ADH Windamnqaedu wudi a1u1sas999imeniuea (Fatn
ANNZLANZ LA I ANIAENANN NS WIS NUTIINE1TBBNE (AFAY 7 Tusiameing uaz
SINDAANBINLNIHITH28Y (Kuretake, Kawahara, Motooka & Uno, 2017) ﬁﬂ’izﬁ‘iﬂj
TulomamesisadMiaiilieuls AOD sdsunnszaulasunlansnfdmsunis
psrasufinseniues nudn Wlseasesinadmiieiiuunseaslasunlang i
AHNTRTIITURNTENTHEA (A 9D HENduGus 50 e 500 ppm THanN
anei el 0, SsuanstiiindstiaHiseuansnisdentionled ADH zesnaga
Laanesed (Ulaiuiresue9i51 aaAR&ediU (Wang, Etienne, Quiles, Kohring, &
Walcarius, 2012) Ansnianledftfiduiadafisemdennifilssananmgs
wudn ol lneduaazsafiseeendindiluaniasifeandiasiin

NUFHTNTIN
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ABNTNIATIZINANTRE LR UNEAR MQ-3 UBANDEDR
Tulaimunesinseasng SiOy/Ag/ADH sample 1 289131 ﬁum@@ MQ-3 L uigasning
FAFHLLL WUIT HBAA MQ-3 waanesadulpimusnslasa3n Si0,/Ag/ADH
sample 1 @18190R599 3 AAMETLLERINEN AT TIENWe A BN ATHLT AN
yurenslianafneiasiinaadndiuingn 309 ppb fUaninmudiiugegn 3
ppm AAAANBNTILNIHAT8Y (Kolmakov, Klenov, Lilach, Stemmer, & Moskovits,
2005; Jin, Park, Kim, & Lee, 2012; Park, An, Ko, Jin, & Lee, 2012; Kwon, Kim, Lee,
Chin, Seong, & Lee, 2012; Sun, Liu, Meng, Liu, Jin, Kong, & Liu, 2012; Kim, et al.,
2016) fisziienidn S0, Apmantiflassasefiiugnauoaiisssansnmniage
Fufnguiinadndnrnsana wilianzfeduidodadautalazniatunis
nANAENFanTsEias S0, danaga MQ-3 imimaifnediuuuy (andslioya
WAadnuanslinanuan n) Sdulioyariarasuega Ma-3 iuensfneasiuuuy
sr0 (397 imeedardemaAnidnsniaduiaiuiusraesdanaunguuudeene
danalngnassanisliruaurasibigniesuazaanndonly nislilasiainsnes
S0, Wiutiaddmanzunoga Ma-3 iwmansinsdasuuuini wavinlivega
MQ-3 uaanages ulaimuneiusasnauisansoadnaanuiniveesfinmeniues
Thgegauiten 3 pom uaziasndudefieuiu uega MO-3 imamasfnadiuuun udll
ypuzifpaiunagateanesndUlaimunesamsuaonlalugnsnldidnvsainduns
EHITaRBUTWesse [nanavesintieniwes e nAFud Flaseadnees S0,
719 2 Fptg AaiiansnsasgUlFdndan Sio, ftiaddalunsnsedufiinenea

w1z lunaga MQ-3 wup3inafuuunig



unn 5

Wgﬂwmmzﬁmﬂummz

Wgﬂwfa

iaBauaanesedulamumnsaiiuaniilssAuidaanagaisansine
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(3auaz)

5 0.203 0.291 0.281 0.271 0.271 0.263 0.035 0.47 0.52 0.58 0.51 0.56 0.528 0.043
10 0.271 0.241 0.271 0.211 0.251 0.249 0.025 0.22 0.22 0.22 0.22 0.23 0.222 0.004
15 0.165 0.125 0.135 0.165 0.195 0.157 0.028 0.22 0.24 0.24 0.24 0.23 0.234 0.009
20 0.19 0.16 0.18 0.19 0.18 0.18 0.012 0.32 0.33 0.24 0.33 0.22 0.288 0.054
25 0.26 0.25 0.25 0.21 0.25 0.244 0.019 0.27 0.28 0.24 0.24 0.24 0.254 0.019
30 0.27 0.26 0.27 0.21 0.18 0.238 0.041 0.37 0.35 0.33 0.34 0.36 0.35 0.016
35 0.25 0.25 0.23 0.29 0.22 0.248 0.027 0.25 0.25 0.23 0.25 0.27 0.25 0.01
40 0.31 0.30 0.30 0.31 0.32 0.308 0.008 0.84 0.74 0.77 0.83 0.77 0.79 0.043
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M1519UHNAT RS/RO PBNNBAN MQ-3 LBRNDIDR W oL yas

Haga MQ-3 waanazad [ laimwias SiO,/Ag/ADH sample 1

FEAUAN VLSRG Haslsilfinrunn

LN

weanagad  afifi1  afifi2 Atz a4 adiiis  Auede S.D. afst1 afiii2  afiiis  afidia  adis  Aueds S.D.

(5a8a)

5 0.02 0.01 0.04 0.01 0.01 0.018 0.013 0.01 0.02 0.01 0.01 0.01 0.014 0.005
10 0.01 0.01 0.01 0.03 0.01 0.014 0.009 0.01 0.01 0.04 0.01 0.01 0.016 0.013
15 0.01 0.02 0.01 0.01 0.01 0.012 0.004 0.01 0.01 0.01 0.01 0.01 0.012 0.004
20 0.01 0.01 0.01 0.01 0.01 0.01 0.000 0.01 0.01 0.01 0.03 0.03 0.018 0.011
25 0.01 0.01 0.01 0.01 0.01 0.01 0.000 0.02 0.01 0.01 0.01 0.01 0.012 0.004
30 0.01 0.01 0.01 0.01 0.01 0.01 0.000 0.01 0.01 0.01 0.01 0.01 0.01 0.000
35 0.01 0.01 0.01 0.01 0.01 0.01 0.000 0.01 0.01 0.01 0.01 0.01 0.01 0.000
40 0.01 0.01 0.01 0.01 0.01 0.01 0.000 0.02 0.03 0.04 0.01 0.01 0.022 0.013
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M1519UHNAT RS/RO PBNNBAN MQ-3 LBRNDIDR W oL yas

Haga MQ-3 waanazad [ lainuieas PI/Ag/ADH sample 1

SEAUAIN #aIAIuAN waslsilfinrunn

indiuas

weanagad  afsit1  afeit2 ez afiita  afiis  Auede S.D. asst1 afsiti2 afiits afiita  afits  Auede s

(5a8a)

5 0.52 0.56 0.54 0.55 0.57 0.548 0.019 0.481 0.501 0.421 0.461 0.601 0.493 0.067
10 0.55 0.59 0.63 0.68 0.50 0.59 0.070 0.883 0.973 0.933 0.903 0.973 0.933  0.041
15 0.226 0.256 0.246 0.286 0.266 0.256 0.022 0.934 0.964 0.874 0.904 0.964 0.928 0.039
20 0.541 0.551 0.561 0.401 0.551 0.521 0.067 0.928 0.958 0.988 0.898 0.958 0.946 0.034
25 0.281 0.231 0.221 0.261 0.281 0.255 0.028 0.454 0.394 0.464 0.454 0.444 0.442 0.028
30 0.224 0.154 0.294 0.294 0.324 0.258 0.069 0.934 0.904 0.974 0.934 0.884 0.926 0.034
35 0.22 0.21 0.22 0.29 0.13 0.214 0.057 0.884 0.834 0.854 0.814 0.764 0.830  0.045
40 0.72 0.74 0.79 0.89 0.86 0.8 0.074 0.874 0.964 0.934 0.904 0.874 0.910 0.039
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M1519UHNAT RS/RO PBINBAN MQ-3 UBRNDIDR W oL yas

Haga MQ-3 waanazad wlaimwieas PI/Ag/ADH sample 2

SEAUAIN #asnIuaN Haslsilfinrunn

LN

weanaga’ a1 a2 Aotz adifi4 a5 Ausde SO asadt 1 P asait 3 adsfia a5 Ausfim SO

(5a8a)

5 0.20 0.25 0.22 0.19 0.27 0.226  0.034 0.65 0.62 0.78 0.63 0.88 0.712 0.114
10 0.291  0.281 0.271 0.261 0.241 0.269 0.019 0.97 0.98 0.95 0.98 0.88 0.952  0.042
15 0.27 0.351 0.381 0.401 0.381 0.357  0.051 0.861 0.861 0.831 0.801 0.731 0.817 0.054
20 0.261 0.221 0.431 0.401 0.301 0.323 0.090 0.3963 0.4663 0.3363 0.4763 0.5163 0.4383 0.072
25 0.481 0.601 0.721 0.841 0.741 0.677  0.139 0.931 0.861 0.891 0.741 0.891 0.863 0.073
30 0.341  0.261 0.311 0.181 0.351 0.289 0.070 0.871 0.711 0.841 0.901 0.991 0.863  0.102
35 0.571 0.471 0.501 0.201 0.341 0.417 0.147 0.611 0.651 0.621 0.651 0.731 0.653  0.047
40 0.196 0.366 0.456 0.386 0.286 0.338 0.100 0.926 0.636 0.656 0.686 0.726 0.726 0.117
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FIT19719U uﬁﬂ ATAITN ﬁ’m‘l’l’mf‘mlﬁ’nl'm Ha g]ﬂ Llﬂﬂﬂ'ﬂﬁ'ﬂﬂu‘[@ LU L‘ﬁ'ﬂ%ﬂ'ﬁ’iiu ‘N’JN?@?%@Q‘IJ ﬂiﬂi’ﬂ lﬂﬂ‘wi'ﬂ%ﬂ'g

Nfag}mvaﬂﬂfamﬁfﬂ@muLeﬁﬂéﬁm%'umu?d?uqﬂﬂsﬂiﬁL?mws'aﬁﬂﬁ? Si0,/Ag/ADH sample 1

SEAUAIN #aIAIUAN waslsilfinrunn
Lﬁuﬁuﬂaq ¥ ] ¥ ] b 1 ¥ ] b T 0 b 1 b 1 ¥ 1 v I ¥ 1 1
. Asa1 @assi2 assi3 asai4 AsIi5 Aals S.D. asaNn 1 AsIN2  Ase3  @AsINi4 A5 AlaAn S.D.
ILRNNDIDN
Gopmy MR M) MR MR (M) (MR) (MR (M) (MR (MR) (M) (MR (MR (M)

5 12.17 11.25 10.91 10.78 11.18 11.29 0.545 0.555 0.475 0.417 0.420 0.434 0.461 0.058
10 23.32 22.00 21.64 21.82 21.71 22.09 0.697 1.609 1.478 1.461 1.467 1.425 1.488 0.070
15 22.41 22.34 22.27 21.64 20.36 21.81 0.864 1.136 1.079 1.437 1.333 0.958 1.189 0.194
20 16.72 16.88 16.98 16.57 16.44 16.72 0.220 1.136 1.203 1.391 1.275 1.025 1.206 0.138
25 1.359 1.170 1.210 0.499 0.506 0.95 0.413 1.250 1.256 1.020 0.708 0.702 0.988 0.275
30 0.324 0.322 0.303 0.300 0.302 0.31 0.012 1.229 1.415 1.242 1.472 1.114 1.295 0.146
35 0.123 0.133 0.150 0.143 0.150 0.191 0.012 2.489 2.988 2.121 2.470 2.980 2.609 0.372
40 0.236 0.250 0.223 0.228 0.220 0.232 0.012 2.989 2.01 2.154 2.541 2.223 2.384 0.390
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Nfag}mmﬂﬂﬂﬂfaﬁfﬂﬂmum@%ﬁm%’umu?ﬁuqﬂﬂiﬂiﬁ;ﬁﬂwsﬂﬁﬂﬁ Si0,/Ag/ADH sample 2

FEAUAIN WasAIuAN waslailfinruan
Lﬁuﬁuﬂaq ¥ ] ¥ ] b 1 ¥ ] b T 0 b 1 b 1 b T ¥ 1 b 1 1
. Asan1 @assf2 assi3 asai4 AsIi5 Auals S.D. asan 1 asaN2  AsI3 Assi 4 Ass5 Anadw S.D.
ILRNNDIDN
Gopmy MR M) MR MR (M) (MR) (MR (MR (MR) (M) (MR (MR) (MR (M)

5 6.18 6.06 6.39 6.47 6.76 6.37 0.271 11.88 11.33 11.89 11.50 11.72 11.66 0.245
10 11.54 11.82 11.73 11.99 11.94 11.80 0.179 10.69 10.63 10.84 10.68 11.12 10.79 0.199
15 12.48 12.35 12.57 12.42 12.61 12.49 0.106 11.44 11.13 11.14 11.18 11.45 11.27 0.163
20 1.935 1.926 1.833 1.759 1.750 1.841 0.088 11.91 11.80 10.36 10.90 10.84 11.16 0.667
25 7.89 7.52 7.13 7.39 7.38 7.462 0.278 7.81 6.34 5.44 4.20 4.03 5.56 1.571
30 1.251 1.293 1.665 1.094 1.060 1.273 0.241 9.98 9.85 9.99 10.12 10.10 10.01 0.108
35 11.32 11.39 11.44 11.85 11.11 11.42 0.270 9.65 9.80 9.75 9.73 9.85 9.76 0.075
40 8.54 8.75 8.58 8.84 8.80 8.70 0.134 10.09 10.13 10.16 10.27 10.38 10.21 0.118

¢0l



[ 1 o [ 1 a & a
FIT19719U uﬁﬂ ATAITN ﬁ’m‘l’l’mf‘mlﬁ’nl'm Ha g]ﬂ Llﬂﬂﬂ'ﬂﬁ'ﬂﬂu‘[@ LU L‘ﬁ'ﬂ%ﬂ'ﬁ’iiu ‘N’JN?@?%@Q‘IJ ﬂiﬂi’ﬂ lﬂﬂ‘wi'ﬂ%ﬂ'g

u@@mmﬂﬂﬂﬂfa{fnfﬂmuma%ﬁm%’umu?@i?uqﬂﬂm‘i&?mwsaﬁnﬁ PI/Ag/ADH sample 1

SEAUAIN VLR Haslsilfinruan
Lﬁuﬁuﬂaq ¥ ] ¥ ] v ] b H ¥ 1 1 b 1 ¥ 1 ¥ 1 b T b T 0
. SN Assi2 asei3 AsIfi4 asei 5 Aals S.D. ASIN 1 Assi 2 Ass 3 assi4 Assi5 AnaRw S.D.
ILRNNDIDN
Gopy MR M2 (MR M) (M) (MR (MR) (MR) (M) (MR (M) (MR (M) (MD)

5 1.752 1.648 1.892 1.714 1.928 1.786 0.119 9.47 9.27 9.76 9.30 9.53 9.466 0.198
10 2.241 2.079 2.140 2.222 2.293 2.195 0.085 7.32 7.42 7.56 7.96 7.36 7.524 0.260
15 6.65 6.88 6.35 6.56 6.84 6.656 0.216 10.61 10.66 10.86 11.24 11.27 10.928 0.313
20 7.01 7.44 7.59 8.47 7.28 7.558 0.553 6.55 6.49 6.48 6.66 6.54 6.544 0.072
25 8.57 8.60 8.57 9.74 9.40 8.976 0.556 7.05 7.39 7.42 7.27 7.09 7.244 0.169
30 10.59 11.11 11.52 12.30 12.59 11.622 0.827 6.67 6.82 6.55 7.08 7.13 6.85 0.252
35 10.55 11.49 8.02 7.44 8.59 9.218 1.727 .72 5.97 5.96 6.03 6.14 5.964 0.154
40 9.13 9.01 9.19 9.10 9.09 9.104 0.065 8.66 8.41 8.15 8.08 8.58 8.376 0.256
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Nfa@mvaﬂﬂfaﬂfaﬁfﬂfaLezmLsﬁ'a%f?m%'umu?d?uqﬂnsnﬁL%ﬂ‘wsaﬁn@? PI/Ag/ADH sample 2

SLAUAIN WasAruAN ﬁmfaﬁﬁmuqu
Lﬁuﬁuﬂaq ¥ H ¥ 1 ¥ 1 ¥ H ¥ 1 1 A 1 ¥ [ ¥ 1 b 1 ¥ 1 0
. SN msei2 asei3 assi4 AsIN5 Anadm S.D. AsI 1 Ass 2 A3 AsIi4 assi 5 Auals S.D.
uaRnNagas
oy M) M) (MR (MR) MR) (M) (MR (MR (MR) (MR (MR) (M) (MR) (M)
5 4.42 4.48 4.92 4.31 4.00 4.426 0.332 0.888 0.999 0.791 0.784 0.788 0.85 0.09
10 5.02 5.94 5.38 5.37 5.40 5.422 0.330 1.284 1.296 1.310 1.313 1.416 1.3238 0.05
15 6.99 6.25 6.36 6.80 6.19 6.518 0.356 1.076 1.067 1.208 1.190 1.205 1.1492 0.07
20 7.42 7.02 8.63 9.02 10.19 8.456 1.274 1.349 1.382 1.379 1.400 1.351 1.3722 0.02
25 4.34 4.58 4.70 4.90 5.17 4.738 0.315 1.450 1.476 1.536 1.325 1.453 1.448 0.08
30 5.42 5.23 5.54 5.78 5.41 5.476 0.203 5.18 5.71 5.80 6.12 6.16 5.794 0.40
35 11.64 11.79 12.01 12.23 12.30 11.994 0.281 1.322 1.268 1.290 1.165 1.112 1.2314 0.09
40 20.12 20.89 21.55 22.00 19.49 20.81 1.023 5.20 5.38 5.66 6.15 6.42 5.762 0.51
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Data sheet

M@-3 Semiconductor Sensor for Alcohol

Sensitive material of MQ-3 gas sensor is SnO, which with lower conductivity in clean air. When the
target alcohol gas exist, The sensor’s conductivity is more higher along with the gas concentration rising.
Please use simple electrocircuit, Convert change of conductivity to correspond output signal of gas

concentration.

MQ-3 gas sensor has high sensitity to Alcohol, and has good resistance to disturb of gasoline, smoke
and vapor. The sensor could be used to detect alcohol with different concentration, it is with low cost and

suitable for different application.

Character

* Good sensitivity to alcohol gas

* Long life and low cost
* Simple drive circuit

Application

* Vehicel alcohol detector

* Portable alcohol detector

Technical Data

Configuration

Basic test loop
Model No. MQ-3
Sensor Type Semiconductor
Standard Encapsulation Bakelite (Black Bakelite)
Detection Gas Alcohol gas
Concentration 0.04-4mg/| alcohol
Loop Voltage | V. <24V DC
_ |Heater Voltage| Vu 5.0V+0.2VAC or DC
Circuit
Load i
5 Ry Adjustable
Resistance
Heater
: Ry 31Q+3Q (Room Tem.)
Resistance
Heater
X Pu <900mwW
consumption
Character Sensing
. Rs | 2KQ-20KQ(in 0.4mg/l alcohol )
Resistance
. Rs(in air)/Rs(0.4mg/L
Sensitivity S
Alcohol)25
Slope a <0.6(R300ppm/R100ppm Alcohol)
Tem. Humidity 20C+2°C: 65%x5%RH
— R Vei5.0V+0.1V;
andard test circu
ondttion Vi 5.0V40.1V
Preheat time Over 48 hours

Ps=Vc?xRs/(Rs+RL)

Ve Vi
A
B
H | R,
Vi
GND?

The above is basic test circuit of the sensor.
The sensor need to be put 2 voltage,
heater voltage(VH) and test voltage(VC).
VH used to supply certified working
temperature to the sensor, while VC used
to detect voltage (VRL) on load resistance
(RL) whom is in series with sensor. The
sensor has light polarity, Vc need DC
power. VC and VH could use same power
circuit with precondition to assure
performance of sensor. In order to make
the sensor with better performance,
suitable RL value is needed:
Power of Sensitivity body(Ps):
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Resistance of sensor(Rs): Rs=(Vc/VRL-1)xRL

Sensitivity Characteristics Influence of Temperature/Humidity
100
i L  —— " . — 1‘5
e, Fig 2
P == ——1lelel LT -—‘\—— 0

——— e azanc = .

Figg 1 M
L5
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» ——lexare —a— S FH|
—— \\ \\\\_

—.— L3
% - —: q‘. .g l. \\\\\\ﬁk‘

- e

\h‘ihh . k“
LA 0.5 % : g . -
i L e/L " -» -w 0 10 ™ W 0 %Y
Fig.1 shows the typical sensitivity characteristics of Fig.2 shows the typical temperature and humidity
the MQ-3, ordinate means resistance ratio of the sensor characteristics. Ordinate means resistance ratio
(Rs/Ro), abscissa is concentration of gases. Rs means of the sensor (Rs/Ro), Rs means resistance of sensor
resistance in different gases, Ro means resistance of in 0.4mg/l alcohol under different tem. and humidity.
sensor in 0. 4mg/l alcohol. All test are under standard Ro means resistance of the sensor in environment of
test conditions. 0.4mg/l alcohol, 20°C/65%RH

P.S.: Sensitivity to smoke is ignite 10pcs cigarettes in 8m’
room, and the output equals to 0.1mg/l alcohol

Structure and configuration

s Parts Materials
1. B 1 Gassensinglayer Sno2
2 Elactrode Au
4 4 H w3  Eectrodeline Pt
2 4 Heatercol Ni-Cr alloy
3 3 e 5 Tubular ceramic Al203
A 6 Antl-explosion network  Stainless steel gauze
) “ (SUS316 100-mesh)
7 Clamg ring Copper plating N
3 7 8§  Resin bass Bakeite
A B g Tube Pin Copper plating Ni
g8
20nn =9 H
Fig.3 & % . Pl |

Structure and configuration of MQ-3 gas sensor is shown as Fig. 3, sensor composed by micro AL203 ceramic tube, Tin
Dioxide (SnO2) sensitive layer, measuring electrode and heater are fixed into a crust made by plastic and stainless steel
net. The heater provides necessary work conditions for work of sensitive components. The enveloped MQ-4 have 6 pin, 4
of them are used to fetch signals, and other 2 are used for providing heating current.



Notification

1 Following conditions must be prohibited
1.1 Exposed to organic silicon steam

Organic silicon steam cause sensors invalid, sensors must be avoid exposing to silicon bond,
fixature, silicon latex, putty or plastic contain silicon environment

1.2 High Corrosive gas

If the sensors exposed to high concentration corrosive gas (such as H,Sz, SO,, Cl,, HCI etc), it will
not only result in corrosion of sensors structure, also it cause sincere sensitivity attenuation.

1.3 Alkali, Alkali metals salt, halogen pollution

The sensors performance will be changed badly if sensors be sprayed polluted by alkali metals salt
especially brine, or be exposed to halogen such as fluorin.

1.4 Touch water
Sensitivity of the sensors will be reduced when spattered or dipped in water.

1.5 Freezing
Do avoid icing on sensor’surface, otherwise sensor would lose sensitivity.

1.6 Applied voltage higher

Applied voltage on sensor should not be higher than stipulated value, otherwise it cause down-line or
heater damaged, and bring on sensors’ sensitivity characteristic changed badly.

1.7 Voltage on wrong pins 1 6
For 6 pins sensor, if apply voltage on 1. 3 pins or 4. 6 pins, it

will make lead broken, and without signal when apply on 2. 4 pins 3 5

2 Following conditions must be avoided 3 4

2.1 Water Condensation
Indoor conditions, slight water condensation will effect sensors performance lightly. However, if water
condensation on sensors surface and keep a certain period, sensor’ sensitivity will be decreased.

2.2 Used in high gas concentration
No matter the sensor is electrified or not, if long time placed in high gas concentration, if will affect
sensors characteristic.

2.3 Long time storage

The sensors resistance produce reversible drift if it's stored for long time without electrify, this drift is
related with storage conditions. Sensors should be stored in airproof without silicon gel bag with clean air.
For the sensors with long time storage but no electrify, they need long aging time for stbility before using.

2.4 Long time exposed to adverse environment
No matter the sensors electrified or not, if exposed to adverse environment for long time, such as
high humidity, high temperature, or high pollution etc, it will effect the sensors performance badly.

2.5 Vibration
Continual vibration will result in sensors down-lead response then repture. In transportation or
assembling line, pneumatic screwdriver/ultrasonic welding machine can lead this vibration.

2.6 Concussion
If sensors meet strong concussion, it may lead its lead wire disconnected.

2.7 Usage

For sensor, handmade welding is optimal way. If use wave crest welding should meet the following
conditions:

2.7.1 Soldering flux: Rosin soldering flux contains least chlorine

2.7.2 Speed: 1-2 Meter/ Minute

2.7.3 Warm-up temperature: 100+20°C

2.7.4 Welding temperature: 250+10°C

2.7.5 1 time pass wave crest welding machine
If disobey the above using terms, sensors sensitivity will be reduced.

https://bit.ly/3woDPuh
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ADEIINTTATHIHWNIATLERNDIDA

991 A LT L@qmmf‘%m@mumsfummﬂﬁmwL%M’Jumumﬂﬂﬂamﬁ
Saemy 10 9138 50 mgll melfiRenlai 27°C+2 °C; 66%+5%RH Tuming ppm WAL ppb
fmual#  RS/RO = 0.952
VRL = 0.138

anawms Ps=Ve’ xRs/(Rs+RL)’
PS=Power of Sensitivity body
ve? = <24V DC
RS = Rs(in air)/Rs(50 mg/L Alcohol = 5)

= (0.952)(<0.6(Raooppm/RioopermAlcohol/(0.952)(50mg/L Alcohol=5)
= (0.952)(<0.6(31Q+3Q(27 "C+2°C;

66%+5%RH)s50000m/(0.952)(<0.6(31Q+3Q(27 " C£2 * C; 66%+5%RH)100p0/(0.952)(50 mg/L Alcohol
>h)
Rs + RL?= Rs +0.138?

WYIRANTHENNTS

Ps =(<24V)? x (RS(inair) / RS(50mg / L Alcohol > 5)) / (RS +0.138V)?

Ps =(< 576V ) x (0.952)(< 0.6(Ryp0 pom / Rigoppm)) / (0.952)(50mg / L Alcohol > 5) / (RS +0.138V)?

Ps=(<576V)x(0.952)(< 0.6(31Q2 +3Q2(27°C £ 2°C;66% £ 5%RH )) 350 o / (312 £3Q)(27°C + 2°C;66% + 5%RH ), 50 ,m
/(0.952)(50mg / L Alcohol >5) /(RS +0.138V)?

Ps=(<576V)x(0.952)(< 0.6(201.96/ 605.88)) / (0.952)(50mg / L Alcohol >5)/ (RS +0.138V)*

Ps=(<576V)x(0.952)(0.333) / (0.952)(50mg / L Alcohol >5)/ (RS +0.138V)*

Ps=(<576V)x(0.3170)/ (47.6) mg / L Alcohol >5/ (RS +0.138V )?

Ps=(<575V) x(0.0066) mg / L Alcohol >5/(0.0066 +0.138V)?

Ps=(3.8016)/(0.1446)* mg / L Alcohol > 5

Ps=(3.8016)/(0.0209) mg / L Alcohol >5

Ps=181.8947mg / L Alcohol >5

o

Waewarnwday molL Wiiduwsiag ppm wie ppb )

ppm = (181.8947)(10)
1818.947 via8 1819 ppm
ppb = (181.8947)(1000)

18189.47 %38 18190 ppb
fimnndninesueansgedienas 10 amnsadnandniuasuanaftenuealu

21nALA 1819 ppm 3 18190 ppb
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Alcohol biosensor process

!
Preparation of Chemical
‘

Stock Phosphate buffer solution 100 mL

ANWIUAILTHINTNITAZAIUIINANAS

wi(g) 1
MW. L

INGas M =

THaruidingisu 0.1 mol/L 229 NaHaPO, wae
NazHPO4 Tae®s NaH2PO4 %1 0.71 g uaz
NazHPO4 0.6 g arangini3unsniniinoudn
traldaandaUSunsauia 50 mL
WANLEAaM USUAT pH A2l NaOH uag HCI

NaH2POy4 1 kg NagHPO4 1 kg

1. LSaNE1sAzAY NazHPO4 Aastdindisn 0.1 mol/L USn1ms 50 mL

Imgas M= L@x%

Mw.
ag o
FEATHI

ma‘f,maqa (M.W.) 289 NazHPO4 V1Al 141.95 g/mol

wt.(g) , 50mlL
141.95 g/ mol 1,000 mL

- _50mL
wt(g) =(0.1mbl) (141.95 g / miol)x Looom

wnnAtHaNn1S 0.1mol =

wt.(g)=0.71g

. ¥ - o
AIHULATUNA1TRZATY NazHPO4 Aanstdindin 0.1 mol USu1ms 50 mL fiaets

9 o .
NagHPO4 1 0.71 g asanesituFunadniasufatrelsdindauiainsawia 50 mL




Imngns M = L@x%

MwW.

WARATIHANATS 0.1mol =

2. 1A5ENA15ALATE NaHzP0,4 A2THIdNEY 0.1 mol/L USunms 50 mL

mmeaqa (M.W.) 2839 NaH2P04 winfiu 119.96 g/mol

wt.(g) 50mL

wt.(g)=0.6g

X
119.96 g/ mol 1,000mL

wi.(g) =(0.1n701) (119.96 g / mol) x

L .
AIHMLASEHAT5AEAT8 NaHaPO4 Agadindin 0.1 mol USunas 50 mL faezd
v o
NaH2P04 81 0.6 g azanausuinaniasudadreldnaaiamlSuinsuua 50 mL

S0mL

1,000 1L

Alcohol biosensor process (More)

I— Preparation NaOH and HCI solution 100 mL

ATMIUAILUZHINTFITAZAIYIINANNS

we(g) 1
MW. L

Ngas N[ =

Tarandindiu 0.1 mol/l 229 NaOH uag HCI
Taads NaOH 81 0.4 g uastliaaisazans

v
HCI 0.15 mL azanesSunoufniasufanny

Te2aadaUsunnszuan 100 mL

1M



3. LASENFITALANY NaOH AL 0.1 mol/L USn1as 100 mL
Sodium hydroxide

mngas M = L@xl Eg:?::
Mw. L S e )

FBAHI @
maTumqa (M.W.) 289 NaOH 1Ay 40.00 g/mol B T il B

wt.(g) y 100 mL
40.00 g/ mol 1,000mL

WAUANHANAS 0.1 m0] =

100 miL

wr.(2) =(0.1nfol) (40.00 g / mbl)x ——2—_
(g)=( )( g ) 1,000

wt.(g)=04¢g

o B o <
AIHULATENAT9RZA8 NaOH AanNtdndss 0.1 mol USn1ms 100 mL #as29 NaOH
v
81 0.4 g aza1eul3uoudntiaaudadraldzandaUiuiasaua 100 mL

4. 1 ASaHATTREAY HCl AandLdngu 0.1 mol/L USn1ms 100 mL

Hydrochioric acid 37% z

o]

FINANT M = L@ X l
* MW, L Grade AR

Hey M 36.46 9m!

. as & ’
ma‘fumqa (M.W.) 2189 HCl winniu 36.46 g/mol @ 6 ‘

wt.(g) o 100mL
36.46 g/ mol 1,000mL

UAHATTRHENATS  0.1mol =

, 100 L.
wi. =(0.1nt0l)(36.46 ¢ / niol ) x ———
(&) =( )( g/ niol) 2.50071L

wt.(g)=0.15¢g

¥ - -
AINHLASENFITRZATE HCl A3 dNes 0.1 mol USuams 100 mL Thile HCI :1
-
° = @ 1 1 =
0.15 mL azatau1lSnisdniaswitaraldzandnlSuinsauasa 100 mL
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5. #in1sazanse Glutaric dialaehyde 25 wt. % Taail3u1as danisiaianansazans
Glutaric dialaehyde 2.5 wt. % U3H1615 100 mL

FINGHAS C1V1 = C2V2
C

1
V a P =
1 = UIN1ASVBIRISRERIUVIABINTITLATHN

= anuidindurassnsazaneiifiag 25 % wt. Tradsunns

C, = anudindussrrsasareiisioinisaion 2.5 % wt.
V, = U3nnaspasansazatefisiasnisim3an 100 mL
UNUATTHANNS (25 % wt.) (V) = (2.5 % wt.) (100 mL)
|7 = (2.5%wt)(100mL)
! 25 % yit.
V; =10 mL
v & o) . . 2. ar =
auKililsaa1sazany Glutaric dialaehyde 25 wt. % #1710 mL uaslsudsnns

¥ ar
fiausinau 90 mL 9zlfinTsazaTY Glutaric dialaehyde 2.5 wt. %

6. \A3UNUBRNDIAR (C,H.0H) audininiasas 15 arnndrznanuidnduiauss 40 Usnias
330 mL it
FmnanNn1sCl = Cl,
C, = arudindusudusauas 40
C, = anudindniifasnissanas 15
V, = USHmsisuu 7
V, = USumsiidiasnas 330 mL
wnHATRaNns GV, = OV,
(40) V; = (15) (330) mL
(Vl)= (15) (330) mL
40
¥, = 123.75 mL

" .
FaruArMAET2195RuAz 40 USHAAS 123.75 mL azlAuaanasasniainsdiniudauas 15
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This work developed a biosensor for the measurement of ethanol gas in the air. The
biosensors were synthesized by mixing signal layer materials containing SiO> and
polyimide (PI) substrates using the enzyme Alcohol Dehydrogenase (ADII) and coenzyme
Nicotinamide Adenine Dinucleotide (NAD") as a biosensor. The clectrodes were coated
on biosensors by DC magnetron sputtering method for test the response performance of
the developed biosensors. The ADH/NAD' was immobilized on the Ag electrode by
Glutaric dialachyde 25 wt. % cross-linking procedure. It was found that, alcohol
biosensors can be exhibited sensing ethanol gas at even low concentrations from 300 ppb
to very high concentrations up to 1900 ppm, response time 3 s, recovery times 1-2 minutes
and good sensitivity. The SiO: substrate has excellent, which provides significant
advantages for wearable electronic device that compact, easy to use and reduce direct
contact with alcoholics. The alcohol biosensors can adoption in next generation to other
electronic devices, because easy to integrate, such as a module alcohol biosensor with
wireless or the fabrication of the RCL circuit. Furthermore, the alcohol biosensors based
on SiO/Ag/ADIL, PVAg/ADII is artificial intelligence strategy for stable practical

wearable clectronic devices.

1. INTRODUCTION

Blood alcohol determination plays an important role in
laboratory medicine and forensic medicine for several reasons
[1, 2]. Driving under the influence of alcohol represents a
major safety concern due to the synergistic or additive effect
of these substances of abuse. Cause in traffic accident such as
car or motorcycle accident. Hence, rapid road-site testing of
these substances is highly desired to reduce risks of fatal
accidents [3]. Corresponding with the road traffic laws in
Thailand and many countries, which stipulate that blood
alcohol concentration 200 ppm violation of the Act. Artificial
intelligence in practical capable strategy of physics, chemistry
and biology sensing and diversity sensing have broadened the
scope of various sensing applications to wearable electronics,
especially for the wireless monitoring [4]. For example, the
MQ-3 gas sensor module for detecting alcohol. MQ-3
Semiconductor sensor for alcohol gas has good sensitivity to

alcohol in wide range and has advantages such as long lifespan.

It is with low cost and suitable for various applications of
detecting alcohol at different concentration and simple drive
circuit. It is widely used in domestic alcohol gas alarm,
industrial alcohol gas alarm and portable alcohol detector [5].

Nowadays, there are many methods are being used for
alcohol measurement, such as spectrometric analysis and
chromatographic analysis or breathalyzer, where the alcohol
concentration or refractivity is detected [6, 7]. However, these
methods are time-consuming and complex to perform
laborious sample pre-treatment. In addition, expensive
analytical apparatuses are necessary [8]. Including
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breathalyzer analysis methods the results can be analyzed by
inhaling the breath alcohol tester through the alcohol
mouthpiece (mouthpiece plastic) [9]. Direct contact between
the drinker and the detector, and it is necessary to constantly
change the alcohol mouthpicce. Thus, there is an increasing
requirement for rapid, accurate and inexpensive methods for
blood alcohol determination [10]. Alcohol biosensors is
another interesting and suitable alternative, because
biosensors have biological substances such as enzyme used as
a detector for the substance to be measured, and the choice of
enzyme alcohol biosensors will give a specific response to the
substance to be measured (ethanol) [11]. We are selected
enzyme ADH immobilized on electrode. The resulting enzyme
electrode exhibits excellent electrocatalysis for the oxidation
of reduced NAD" [12]. Enzyme dehydrogenase catalyzes
oxidation in the conditions of oxygen as a co-substrate (in
smooth chemical conditions). This approach based on
chemical bonding of the cofactor (which was checked by
infrared spectroscopy method) led to good performances in
terms of long-term stability of the electrochemical response
[13]. Thus, avoiding interferences due to the presence of
oxidizable substances in samples [14-16]. We decided to use
2 materials such as Silicon dioxide and PI for structure thin
film. 1. Silicon that have propertics metal oxide
semiconductors are widely used as sensor materials because of
many advantages, high sensitivity, fast response, recovery, and
low detection limits over other semiconductors [17-20].
Including have a large surface area. The porous structure
improves gas absorption efficiency, because the high surface-
to-volume ratio [21, 22]. 2. Pl is regarded as high-performance



polymers because of their excellent chemical, thermal and
irradiation stability, high mechanical strength and reliable
electrical insulation. Nowadays there are state-of-the-art
microelectronic  applications [23, 24]. PI has found
applications as enzyme immobilization membrane, due to their
good chemical stability and low reactivity [25-28]. Morcover,
we selected Ag used as electrodes for the fabricated to alcohol
biosensors and module alcohol biosensors for wearable
electronics devices. Ag it has excellent electrical conductivity,
excellent repeatability and durability [29-32]. Flexing
endurance and are broadly used in flexible electrodes and
flexible sensors [33]. Thus, Ag is suitable for usc as clectrodes.

Therefore, the researcher is interested in developing
Biosensors for the detection of ethanol gas for wearable
electronic devices. Reduce direct contact with drinkers, high
sensitivity, selectivity, rapid response and stability.
Inexpensive compared to breath alcohol monitors. Then, we
are selected MQ-3 gas sensor module used to it as prototype
cquipment due to inexpensive. Fabrication module alcohol
biosensor for wearable electronic devices. 2 materials such as
SiO; and PI use to Structure of thin film. Enzyme ADH and
coenzyme NAD" was used as biosensors, immobilization on
Ag electrode by DC magnetron sputtering method. The
efficiency of response alcohol biosensors developed was
tested. Alcohol biosensors module and module alcohol
biosensors for wearable electronic devices compare with MQ-
3 gas sensor module prototype equipment. Furthermore, the
technology has been applied to the development of sensors.
Next generations, in this work, can be apply or connect to other
wearable electronic devices, or used for further analysis of
substances.

2. EXPERIMENTAL
2.1 Synthesis thin film by DC magnetron sputtering

2.1.1 Preparation signal layer structure

5-mm thick SiO, and PI substrate was ultrasonic cleaner
with acctone and deionized water using times 10 minutcs.
After that 5-mm SiO,, PI was take dried under nitrogen flow
at temperature 250°C for 4 h for clean the structure by used
Tube furnace.

2.1.2 Synthesis thin film

Formation a pattern of Ag electrode by DC magnetron
sputtering methods, it consists of a DC power supply,
Magnetron Sputtering Gun inside the vacuum and magnetron
sputtering gun cooling system. After that preparation thin film
in the vacuum chamber at base pressure 2.1 mT under Ar gas
atmosphere Ar 99.99%, flow rating 23.3£0.1 cm® /min and
total working pressure 50 mT. Constant frequency DC high
voltage power supplies 17.24 kHz adjust the current/potential
at the cathode terminals while sputtering, to find the right
conditions. The signal layer structure is far from the sputtering
target 5.0 cm, during sputtering there is no heating, while
doing it takes 15 minutes. Which is the optimum time
condition for thin film preparation.

2.2 Alcohol biosensor process
2.2.1 Chemicals

Alcohol Dehydrogenase from Saccharomyces cerevisiae >
300 units/mg protein were obtained from Sigma chemical

company, and beta-Nicotinamide Adenine Dinucleotide
hydrate 98+% (from Germany) used as received. Glutaric
dialachyde 25 wt. % solution in water obtained from Belgium,
was diluted to 2.5 wt. % with deionized water. Albumine
bovine serum for biochemistry additional reagent 1GSS
protcase was obtained from United States of America. After
that, preparation of the phosphate buffer solution by prepared
with 0.1 mol/L Na;HPO4 and 0.1 mol/L NaH,PO4. Next
process, all solutions was made up with deionized water. The
ADH stock solution were preparation with 100 pL phosphate
buffer solution (pH 7.5) and stored at 4°C.

2.2.2 Biosensor process

ADH/NAD* was immobilized on the Ag electrode by
glutaric dialachyde/Albumine bovine serum cross-linking
procedure. Enzymes solution was obtained by dissolving 3 mg
of ADH and 6 mg of NAD™ in 100 uL of 0.1 mol/L (pH 7.5)
phosphate buffer solution. ADH and NAD" mixed with
vigorous stirring, containing 8 mg Albumine bovine serum.
And then the glutaric dialachyde (2.5 wt. %) was dilute to
2.5% wt, 1.9% wt up to a final concentration of a 0.9% wt.
with deionized water. The Glutaric dialachyde 2.5% wt. which
is a bifunctional cross-linking agent was added to the
ADH/NAD' solution. In the process, the solution was
completely mixed. Next steps, the Ag electrodes was
immobilized on ADH solution by used micropipettes size 10-
100 pl, 10£20 pl enzyme solution was immobilized on them.
This procedure, we can take repeated two or three times. After
that, the enzyme electrodes was placed in a desiccator for
sometimes to the gel formation. The resulting enzyme
electrodes as receptor (defined as SiO,/Ag/ADH, PI/Ag/ADH)
and kept dry enzyme structure in phosphate buffer solution
(pH 7.5) in refrigerator at 4°C 5 h before use.

2.3 Analytical method

(3)  Enzyme gel

SO/AY/ATH sample |

PUAR/ADH wampte |

Output Voitage

Figure 1. The cthanol gas (est
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Figure 1 shows the ethanol gas test (a) shown the Ethanol
gas response to the MQ-3 alcohol biosensor module. (b)
developed signal layer structure material, in figure for the
structure of SiO2/Ag/ADH sample 1 and PI/Ag/ADH sample
1. (¢) shown the sensor bridge circuit (d) ethanol gas response
test of Module Alcohol biosensor for wearable electronic
devices.

3. RESULT AND DISCUSSION
3.1 XRD analysis

The X-ray diffraction pattern of Ag thin film deposition on
SiO; and PI substrates shown in Figures 2, 3. The X-ray
diffraction patterns of SiO, were found at an angle equal 38.3
and 44.3 degree. The X-ray diffraction pattern of SiO: is
considered which uses the reference position from the ICDD
standard number 00-047-1300, was found SiO; had a planc
equal (211), (202), (212), (203), (302) and (114), respectively.
The Ag thin film can be observed and the peak namely (111),
(200) according to ICDD number card (00-004-0783) cubic
type by plane (111) is Preferred Orientation. It can be said that
the thin film coated on SiO; material is Ag thin film. As for
the Ag thin films coated on the PI material, X-ray diffraction
and plane diffraction patterns of the Ag thin films were
observed in the same way, there are angles equal 38.3 and 44.3
degree. Crystallite size and lattice constant of main peak (111)
are shown in Figure 4, were calculate the lattice constant of the
Ag thin film prepared for installation from Eq. (1):

: o
Ay = 1)
I+ B+ (
vsio. Si0/Ag
3
| m
g [
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i TN s
s el
s 8 @ Mg
& ¢ 8
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# 203 =
f s0)[ ||
e ROF

ICDD; 00-0040783

$i0,ICDD; 00-047-1300

30 35 40 45
20 CuKa (Degree)

Figure 2. Comparison XRD pattern of thin film Ag based on
SiO; at deposition times 15 minutes

The grain size was calculated by Scherrer equation from Eq.
@)
K
T peost

(2)

where, k is constant safe factor 0.9 for Face-centered cubic
structure, / is X-ray diffraction length CuK,=1.5406 A, f is
full width half maximum intensity (FWHM), @ is the Bragg
angle and compare to standard as shown in Table 1.
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Figure 3. Comparison XRD pattern of thin film Ag based on
PI at deposition times 15 minutes
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Figure 4. Equiangular X-ray diffraction pattern at an angle
equal 26to 38.1164 degree

Table 1. A standard and calculated comparison of Ag thin film crystal structure

Standard (ICDD; 00-004-0783) Ag thin film synthetic
P-e_a_k D-spacing Lattice constant l’e_a_k D-spacing |FWHM | Crystallite size D Lattice constant
position @A) (hkl) &) position @A) @A) N (nm) &)
(2 theta) (2 theta)
38.116 2359 11 4.086 38.261 2350 0.262 31.985 4.072
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3.2 SEM analysis

Microstructure, the SEM characterization showed the
surface morphology of Ag thin film deposited on SiO; and PI
substrate at different magnification 5.000x and 10.000x shown
in Figure 5, Figure 5 (a) (b) shown Ag thin film on SiO; and
PI at magnifications 5.000x and Figure 5 (c) (d) shown Ag thin
film on SiO, and PI at magnifications 10.000x. The
morphology of Ag thin films with a thickness of 1 pm coated
on SiO; and PI materials has a smooth surface. Ag thin films
coated on SiO; materials have a smoother and more graven
surface than Ag thin films coated on PI materials, are under
the same sputtering conditions.

Figure 5. The SEM image of Ag thin film deposited on SiO»
and PI substrate at magnifications 5.000x and 10.000 x

3.3 Sensing performance of Module Alcohol bi SOT'S

Module alcohol biosensors for wearable electronic devices,
as illustrated in Figure 6. Figure 6 (a) (b) is Module alcohol
biosensor based on SiO»/Ag/ADH sample 1, Figure 6 (c) (d) is
Module alcohol biosensor based on SiO,/Ag/ADH sample 2,
Figure 6 (e) (f) is Module alcohol biosensor based on
PI/Ag/ADH sample 1 and Figure 6 (g) (h) is Module alcohol
biosensor based on PI/Ag/ADH sample 2. Module alcohol
biosensors it can be detected to different gasses to ethanol are
under conditions and gencral environment. All tests arc under
standard test condition at 25°C+2°C; 65%+=5%RH of alcohol
and 31°C£2°C; 66%+5%RH of alcohol in the general
environment, respectively. Nevertheless, Module alcohol
biosensor based on SiO2/Ag/ADH and PI/Ag/ADH sample 2
tasted by Digital Multimeter Sclfram scrics 7332 brand. In
addition, Module alcohol biosensor based on SiO./Ag/ADH,
PI/Ag/ADH sample 1 used a DC power supply to test by
supplying 5 V to them, and then compare with resistance
before and after exposure molecule ethanol gas in the air.

Figure 6. Module alcohol biosensors for wearable electronic
devices developed

Electrical Resistivity (RS/RO) measurement of Module

alcohol biosensors for wearable electronic devices, as

illustrated in Figures 7, 8. The value ordinate means resistance
(R) ratio of the sensor (RS/RO), abscissa is concentration of
gasses. RS means resistance in different gasses, RO means
resistance of sensor in 5, 10, 15, 20, 25, 30, 35 and 40%
ethanol concentrations, respectively. Good instrument
performance must be within an RS/RO value in the dynamic
rang range of 0.001 to 0.999. If the value of ethanol in the air
is more than the sensor can detect, the sensor will read a value
0, and if the sensor reads an RS/RO value greater than 1 that
mean the volume of ethanol in the air that the sensor can detect
in low concentration.

Experimental result it was found that, Module alcohol
biosensor based on SiO»/Ag/ADH sample 1 has an RS/RO
range between 0.191 to 22.09 arc under conditions and 0.461
t0 2.609 in the general environment. Module alcohol biosensor
based on SiO2/Ag/ADH sample 2 has an RS/RO range 1.7 to
12.49 are under conditions and 5.56 to 11.66 in the general
environment. Next, Module alcohol biosensor based on
PI/Ag/ADH sample 1 has an RS/RO range 1.786 to 11.622 are
under conditions, 5.964 to 10.928 in the general environment
and Module alcohol biosensor based on PI/Ag/ADH sample 2
has an RS/RO range 4.426 to 20.81 are under conditions and
0.85 to 5.794 in the general environment.

Resistance of Alcohol are under conditions
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Figure 7. The typical sensitivity characteristics of the module
alcohol biosensors are under conditions at temperature 25°C
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Figure 8. The typical sensitivity characteristics of the module
alcohol biosensors in the general environment

Figure 7 can be seen that the alcohol concentration ranges
from 5% to 20%, Module alcohol biosensor based on
PI/Ag/ADH sample 1, 2 better responses to ethanol gas more
than Module alcohol biosensor based on SiO»/Ag/ADH
sample 1, 2. Module alcohol biosensor SiO»/Ag/ADH sample
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I, 2 is more responsive to cthanol gas at the alcohol
concentration range of 25% to 40% are under conditions.

It can be seen that the Module alcohol biosensors for
wearable electronic devices based on SiO»/Ag/ADH sample 1
and PI/Ag/ADH sample 2 better response to ethanol gas more
than Module alcohol biosensor based on SiO»/Ag/ADH
sample 2 and Module alcohol biosensor based on PI/Ag/ADH
sample 1 in all concentrations of alcohol are under general
environment (Figure 8). The results of the intensive
experiments confirmed the efficiency of the effective material
selection and inexpensive, that PI material is cheaper
compared to SiO,.

From the above information, it can be concluded that,
Module alcohol biosensors for wearable electronic devices can
response to ethanol gas in the air by estimated RS/RO value
has changed. Next steps, we will modifications Module
alcohol biosensors for electronic devices by fabrication with
MQ-3 gas sensor module used as an equipment prototype for
used sensors for detecting cthanol gas in type compact and
easy to use. We selected MQ-3 gas sensor module as an
equipment prototype because cheap cost around 60 baths in

Thai and just equal 2 USD.

34 Sensing performance of MQ-3 Alcohol biosensors
module developed

Wearable platforms are an artificial intelligent interest in
this generation, after are made module alcohol biosensors,
recent advance have been made by incorporating MQ-3 gas
sensor module equipment prototype, as illustrated in Figure 9
and shows structure of them. Figure 9 (a) (b) are MQ-3 gas
sensor module shown the internal structure which compound
ALO3/AWSnO,, Figure 9 (c) (d) are MQ-3 alcohol biosensor
module shown the internal structure which compound
SiO»/Ag/ADH sample 1, Figure 9 (e) (f) are MQ-3 alcohol
biosensor module shown the internal structure which
compound PI/Ag/ADH sample 1 and Figure 9 (g) (h) is MQ-3
alcohol biosensor module shown the internal structure which
compound PI/Ag/ADH sample 2, respectively.

Accordingly, we demonstrated wirelessly operable MQ-3
alcohol biosensors module with MQ-3 gas sensor module by
supplying 5 V DC power supply. Rapid response to ethanol
gas in both (RS/RO) value of the MQ-3 gas sensor module
with MQ-3 alcohol biosensors module developed shown in
Figures 10, 11. We used MQ-3 gas sensor module is reference
and calibrations with MQ-3 alcohol biosensors module
developed. The MQ-3 alcohol biosensors module developed

are test under standard condition test at 25°C+2°C;
65%+5%RH of alcohol and 31°C+2°C; 65%+5%RH,
31°C+2°C;  66%+5%RH, 29°C+2°C; 66%+5%RH and

27°C£2°C; 65%+5%RH of alcohol in the general environment.

Figure 9. Structurc of MQ-3 gas sensor module with MQ-3
Alcohol biosensors module developed
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Figure 10. The typical sensitivity characteristics of the MQ-3
gas sensor module with MQ-3 alcohol biosensors module
developed are under conditions temperature at 25°C
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Figure 11. The typical sensitivity characteristics of the MQ-3
gas sensor module with MQ-3 alcohol biosensors module
developed in the general environment

When exposure to ethanol gas MQ-3 alcohol biosensors
module as illustrated in Figures 10, 11, RS/RO data will be
chance when enzymatic oxidation of ethanol gas in the air.
ADH defined as receptor, the RS/RO value shown a value of
1, which means no ethanol molecules in the air. It was found
that, firstly MQ-3 gas sensor module equipment prototype has
an RS/RO value in the range 0.18 to 0.308 and 0.222 to 0.79.
Secondly, MQ-3 alcohol biosensor based on SiO2/Ag/ADH
sample 1 has an RS/RO value in the range 0.014 to 0.01 and
0.012 to 0.022. Thirdly, MQ-3 alcohol biosensor based on
PI/Ag/ADH sample 1 has an RS/RO value in the range 0.214
to 0.59 and 0.442 to 0.946. And last MQ-3 alcohol biosensor
based on PI/Ag/ADH sample 2 has an RS/RO value in the
range 0.226 to 0.677 and 0.4383 to 0.952 are tests under
standard conditions and general environment. Figures 10, 11
show response efficiency to ethanol gas of biosensors. In
conclusion, MQ-3 alcohol biosensors based on PI/Ag/ADH
sample 1, 2 response better to ethanol gas more than MQ-3
gas sensor module equipment prototype and MQ-3 alcohol
biosensors based on SiO./Ag/ADH sample 1 are under
conditions. In general environment, it was found that MQ-3
alcohol biosensor based on PI/Ag/ADH sample 1, 2 responses
better to ethanol gas more than MQ-3 gas sensor module
equipment prototype and MQ-3 alcohol biosensors based on
Si0,/Ag/ADH sample 1 also even under general environment.
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35 Power of Sensitivity (Ps) body of the MQ-3
Alcohol biosensors module developed

Ps of MQ-3 Alcohol biosensors module developed with the
MQ-3 gas sensor module are under conditions at
<0.6(31Q43Q) 25°C£2°C; 65%+5%RH of alcohol and under
general environment at <0.6(31Q+3Q) 31°C£2°C;
65%+5%RH,  31°C+2°C;  66%+5%RH,  29°C+2°C;
66%=5%RH and 27°C£2°C; 65%+5%RH. As illustrated in
Figures 12, 13 were calculate by Eq. (3):

Ps =V xRs/ (Rs+RLY 3)

PS of Alcohol are under conditions
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Figure 12. Ps body of the MQ-3 alcohol biosensors module

developed with MQ-3 gas sensor module exposure to ethanol
are under conditions temperature at 25°C
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Figure 13. Ps body of the MQ-3 alcohol biosensors module
developed with MQ-3 gas sensor module exposure to ethanol
gas in general environment

Figures 12, 13 show the Ps body of the MQ-3 alcohol
biosensors module developed with MQ-3 gas sensor module
exposure to ethanol gas. It was found that, are under conditions
the MQ-3 gas sensor module can detected ethanol gas dynamic
range 1 to 30 ppm and 1 to 10 ppm in the general environment.
As illustrated in Figures 12, 13. Our MQ-3 alcohol biosensors
module it can be detected ethanol gas in the air in dynamic
range 309 ppb to 941 ppm by MQ-3 alcohol biosensor based
on SiO»/Ag/ADH sample 1 it can be detected at 309 ppb to 3
ppm, MQ-3 alcohol biosensor based on PI/Ag/ADH sample 1
it can be detected at 23 to 941 ppm and MQ-3 alcohol
biosensor based on PI/Ag/ADH sample 2 it can be detected at
44 to 311 ppm, as illustrated in Figure 12. In general
environment, Our MQ-3 alcohol biosensors module it can be
detected ethanol gas in dynamic range 309 ppb to 1900 ppm.

The MQ-3 alcohol biosensor based on SiO,/Ag/ADH sample
1 it can be detected at 309 ppb to 3 ppm, MQ-3 alcohol
biosensor based on PI/Ag/ADH sample 1 it can be detected at
97 to 1270 ppm and MQ-3 alcohol biosensor based on
PI/Ag/ADH sample 2 it can be detected at 197 to 1819 ppm.
Thus, the MQ-3 alcohol biosensor based on PI/Ag/ADH
sample 1, 2 can detected ethanol gas over a wider range of
alcohol concentrations and suitable the most.

The Diagram showing the detector operation when the
receptor detects ethanol gas of the MQ-3 alcohol biosensors
module developed, coupled enzymatic oxidation of ethanol
gas in the air as illustrated in Figure 14.
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Figure 14. Enzymatic oxidation of ethanol gas in the air

Sensitivity curve of the VRL means the loop voltage (VC)
is used to detect the voltage VRL on load resistance.
Sensitivity curve of the VRL indicates the detection capability
of ethanol gas inversely proportional to the sensor's electrical
power supply, by the material being the translator of the
electrode and the dependent variable, temperature and
humidity as a control translator, as illustrated in Figures 15, 16.
Figures 15, 16(a) shown the sensitivity curve of the VRL of
MQ-3 gas sensor module, Figures 15, 16(b) are MQ-3 alcohol
biosensor based on SiO2/Ag/ADH sample 1, Figures 15, 16(c)
are MQ-3 alcohol biosensor based on PI/Ag/ADH sample 1
and Figures 15, 16(d) are MQ-3 alcohol biosensor based on
PI/Ag/ADH sample 2 are test under standard conditions and
general environment, Figures 15, 16. The graph shows that
VRL value has changed the way electrochemical transistor
when the receptor can sensing ethanol gas and recovered in the
absence of ethanol gas in the air during 1-2 minutes.

Figures 15, 16 show sensitivity curve of the VRL in alcohol
with different concentrations. Sensitivity curve of the VRL
demonstrates the ability to detect ethanol gas inversely
proportional to the sensor's electrical power supply. First, the
MQ-3 gas sensor module equipment prototype VRL voltage is
used to power the sensor with an average value of 2.999 V and
2.633 V, (Figures 15, 16(a)) when comparison between VRL
voltage and Sensitivity to ethanol gas, it was found that, MQ-
3 gas sensor module equipment prototype it uses moderate
clectrical power and can detected cthanol gas at a low
concentration range. Second, the MQ-3 alcohol biosensors
based on SiO»/Ag/ADH sample 1 VRL voltage is used to
power the sensor with an average value of 4.92 V equal
(Figures 15, 16(b)), it is very electrically powered and detects
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cthanol gas at a very small range of concentrations in the ppb
scale. Third, the MQ-3 alcohol biosensors based on
PI/Ag/ADH sample 1 VRL voltage is used to power the sensor
with an average value of 0.439 V and 0.200 V (Figures 15,
16(c)), it consumes little electricity and can detected ethanol
gas at a range of concentrations from the low concentration to
the high concentration range and the MQ-3 alcohol biosensors
based on PI/Ag/ADH sample 2 VRL voltage is used to power
the sensor with an average value of 0.466 V and 0.198 V
(Figures 15, 16(d)), it consumes little electricity and can
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detected ethanol gas at a range of concentrations from the low
concentration to the high also as the MQ-3 alcohol biosensors
based on PI/Ag/ADH sample 1, all test are under standard
conditions and general environment. Finally, it can be
concluded that, MQ-3 alcohol biosensors based on
PI/Ag/ADH sample 1, 2 it uscs Iess VRL voltage (o power than
MQ-3 gas sensor module equipment prototype and MQ-3
alcohol biosensors based on SiO2/Ag/ADH sample 1 calculate
2% and 4% respectively. The ability to save energy is a key
feature of the artificial intelligence platform.
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Figure 16. Sensitivity curve of the VRL in alcohol with different concentrations in the general environment
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4. CONCLUSIONS

We demonstrated the first Alcohol biosensor made with
MQ-3 gas sensor module based on SiO; and PI substrates is an
electrochemical transistor integrated with the enzyme ADH
and coenzyme NAD'. The alcohol biosensors are easy to
fabricate using DC magnetron sputtering techniques, made on
an inexpensive, casy to integrate. We showed that the alcohol
biosensors detection ethanol gas in the air, calibration with the
MQ-3 gas sensor module equipment prototype. It can be
concluded from the experimental results, our MQ-3 alcohol
biosensors based on PI/Ag/ADH sample 1, 2 can detected
ethanol gas from the range of low concentration to the range
of high concentration. Detects cthanol gas in a wider range
compared with MQ-3 gas sensor module equipment prototype
and MQ-3 alcohol biosensors based on SiO2/Ag/ADH sample
1. In next generation, module alcohol biosensors can adoption
to technology in sensor development and applied for further
analysis of other substances.

ACKNOWLEDGMENT

This work is financial supported by Thailand Research Fund
(TRF) Rescarch Carcer Development Grant, (RSA6180070).

REFERENCES

[1] Rothschild, M.L., Mastin, B., Willer, TW. (2006).
Reducing alcohol impaired driving crashes through the
usc ol social marketing. Accident Analysis & Prevention,
38(6): 18-30.
http://dx.doi.org/10.1016/j.aap.2006.05.010

[2] Dula, C.S., Dwyer, W.0O., Leverng, G. (2007). Policing
the drunk driver: measuring law enforcement
involvement in reducing alcohol-impaired driving.
Journal of Safety Rescarch, 38(3): 67-72.
https://doi.org/10.1016/.jsr.2006.10.007

[3] Mishra, K.R., Sempionatto, R.J., Li, Z., ct al. (2020).
Simultancous  detection  of  salivary A’ -
tetrahydrocannabinol and alcohol using a Wearable
Electrochemical Ring Sensor. Talanta, 211: 120757,
http://dx.doi.org/10.1016/j.talanta.2020.120757

[4] Kim, S.Y., Kim, J., Chcong, W.H., ctal. (2018). Alcohol
gas sensor capable of wireless detection using In,Os /Pt
nanoparticles and Ag nanowires. Sensors and Actuators
B; Chemical, 259: 825-832.
https://doi.org/10.1016/j.snb.2017.12.139

[5] Winsen, Z. (2022). SENSORS. hip://www.winsen-
sensor.com/contract.html, accessed on Apr. 13, 2022.

[6] Kitagawa, Y., Kitabatake, K., Suda, M., ct al. (1991).
Amperometric detection of alcohol in beer using a flow
cell and immobilized alcohol dehydrogenase. Anal
Chem., 63(20): 2391-2393.
http://dx.doi.org/10.1021/ac00020a036

|7] Blanke, R.V., Decker, W.J. (1987). Analysis of toxic
substance. In: Tictz NW, cditor. Fundamentals of clinical
chemistry. Philadelphia, PA. WB Saunders Co, 869-905.

[8] Vijayakumar, A.R., Csoregi, E., Heller, A., Gorton, L.
(1996). Alcohol biosensors based on coupled oxidase-
peroxidase systems. Anal Chim Acta, 327(3): 223-234.
https://doi.org/10.1016/0003-2670(96)00093-1

19] Chinvejkitwanich, W., Panuvej, C., Issaravanich, S.
(1998). Mcasurcment the level of Blood Alcohol
Concentration after drinking alcoholic  beverages.
Journal of Health Systems Research, 6(2): 106-116.
https://kb.hsri.or.th/dspace/bitstream/handle/11228/109
8/jvon2-2.pdf’scquence=1&isAllowed=y.

110] Giilce, H., Giilce, A., Kavanoz, M., Coskun, H., Yildiz,
A. (2002). A new ampcrometric enzyme clectrode for
alcohol determination. Biosensor Bioelectron, 17(6-7):
517-521. http://dx.doi.org/10.1016/S0956-
5663(02)00008-8

|11] Kuswandi, B., Irmawati, T., Hidayat, A.M., Jayus, J.,
Ahmad, M. (2014). A simple visual cthanol biosensor
based on alcohol oxidase immobilized onto polyaniline

film for halal verification of fermented beverage samples.

Sensors, 14(2):
http://dx.doi.org/10.3390/s140202135

[12] Cai, C.X., Xue, K.H., Zhou, Y.M., Yang, H. (1997).
Amperometric  biosensor for cthanol based on
immobilization of alcohol dehydrogenase on a nickel
hexacyanolerrale modificd microband gold clectrode.
Talanta, 44(3): 339-347. http://doi.org/10.1016/s0039-
9140(96)02049-8

[13] Wang, Z., Etienne, M., Quiles, F., Kohring, G.W.,
Walcarius, A. (2012). Durable cofactor immobilization

2135-2149.

123



in sol-gel bio-composite thin films for rcagentless
biosensors and bioreactors using dehydrogenases.
Biosensors and Bioelectronics, 32(15): 111-117.
http://doi.org/10.1016/j.bios.2011.11.043
Mullor, S.G., Cabezudo, M.S., Ordieres, A.J., Ruiz, B.L.
(1996).  Alcohol bioscnsor bascd on alcohol
dehydrogenase and Meldola blue immobilized into a
carbon paste clectrode. Talanta, 43(5): 779-784.
http://doi.org/10.1016/0039-9140(95)01802-6
Santos, A.S., Freire, R.S., Kubota, L.T. (2003). Highly
stable amperometric biosensor for ethanol based on
Meldola's bluec adsorbed on silica gel modified with
niobium oxide. J Electroanal Chem, 547(2): 135-142.
http://dx.doi.org/10.1016/S0022-0728(03)00186-4
Sprules, S.D., Hartley, I.C., Wedge, R., Hart, .P., Pittson,
R. (1996). A disposable reagentless screen-printed
amperometric biosensor for the measurement of alcohol
in beverages. Anal Chim Acta, 329(3): 215-221.
https://doi.org/10.1016/0003-2670(96)00121-3
[17] Kolmakov, A., Klenov, D.O., Lilach, Y., Stemmer, S.,
Moskovits, M. (2005). Enhanced gas sensing by
individual SnO, nanowires and nanobelts functionalized
with pd catalyst particles. Nano. Lett., 5(4): 667-673.
https://doi.org/10.1021/n1050082v
|18] Jin, C.H., Park, S.H., Kim, H.S., Lee, C. (2012).
Ultrascensitive multiple networked Ga,Os-core/ZnO-shell
nanorod gas sensors. Sens Actuators B, 161(1): 223-228.
https://doi.org/10.1016/j.snb.2011.10.023
Park, S.H., An, S.Y., Ko, H.S., Jin, C.H., Lee, C. (2012).
Synthesis of nanograined ZnO nanowires and their
enhanced gas sensing properties. ACS Appl Mater
Interfaccs, 4(7): 3650-3656.
https://doi.org/10.1021/am30074 1r
Kwon, Y.J., Kim, H.S,, Lee, S.M., Chin, L], Scong, T.Y.,
Lee, W.I. (2012). Enhanced ethanol sensing properties of
TiO: nanotube sensors. Sens Actuators B, 173: 441-446.
https://doi.org/10.1016/j.snb.2012.07.062
Sun, Y.F., Liu, S.B., Meng, F.L., Liu, J.Y., Jin, Z., Kong,
L.T., Liu, J.H. (2012). Metal oxide nanostructures and
their gas scnsing propertics: A review. Sensors, 12(3):
2610-2631. http://dx.doi.org/10.3390/5120302610
Kim, B.Y., Cho, I.S., Yoon, JW. et al. (2016).
Extremely sensitive ethanol sensor using Pt-doped SnO,
hollow nanospheres prepared by Kirkendall diffusion.
Sens  Actuators B Chem, 234:  353-360.
http://dx.doi.org/10.1016/j.snb.2016.05.002
[23] Tsai, M.H., Huang, S.L. (2006). Synthesis and
Characteristics of polyimide/siloxane hybrid films for
reliability adhesion. Surface and Coatings Technology,
200(10), 3297-3302.
https://doi.org/10.1016/j.surfcoat.2005.07.030
124] Qi, H.X., Wang, X.L., Zhu, T.S., Li, J., Xiong, L., Liu, F.
(2019). Low diclectric poly (imide siloxanc) films
enabled by a well-defined disiloxane-linked alkyl
diamine. American Chemical Society, 4(26): 22143-
22151. https://doi.org/10.1021/acsomega.9b03302
25| Ghaemy, M., Nasab, S.M.A. (2010). Synthesis and
identification of organosoluble polyimides: Thermal,
photophysical and chemiluminescence properties. Polym.
J., 42: 648-656. htips://doi.org/10.1038/pj.2010.57

[14]

[15]

[16

[19]

120

[21]

[22]

[26] Chou, W.Y., Kuo, C.W., Chang, C.W., Ych, B.L., Chang,

M.H. (2010). Tuning surface properties in photosensitive
polyimide. Material design for high performance organic

thin-film transistors. J. Mater. Chem., 20(26): 5474-5480.

http://doi.org/5474-5480. 10.1039/c0jm00196a
[27] Jiang, L.Z., Liu, J.G., Wu, D.Z, Li, H.Q., Jin, R.G.
(2006). A methodology for the preparation of

nanoporous polyimide films with low diclectric constants.

Thin Solid Films, 510(1-2):
https://doi.org/10.1016/j.ts£.2005.12.216
Jin, X.Z., Ishii, H. (2005). Novel positive-type
photoscensitive polyimide with low diclectric constant. J.
Appl. Polym. Sci., 98(1): 15-21.
https://doi.org/10.1002/app.21994

Kim, J., Kim, M., Lee, M.S., et al. (2017). Wearable
smart sensor systems integrated on soft contact lenses for
wireless ocular diagnostics. Nat Commun., 8: 14997.
http://dx.doi.org/10.1038/ncomms 14997

Park, J., Kim, J., Kim, K., ¢t al. (2016). Wcarablc
wireless gas sensors using highly stretchable and
transparent  structurcs  of nanowircs and graphenc.
Nanoscale, 8(20): 10591-10597.
http://dx.doi.org/10.1039/C6NR0O1468B

[31] Choi, S., Park, J., Hyun, W, et al. (2015). Stretchable
heater using ligand-exchanged silver nanowire
nanocomposilc for wcarable articular thermotherapy.
ACS Nano, 9(6): 6626-6633.
http://dx.doi.org/10.1021/acsnano.5b02790

Lee, M.S., Lee, K., Kim, S.Y., et al. (2013). High-
performance transparent and stretchable electrodes using
graphene-metal nanowire hybrid structures. Nano Lett,
13(6): 2814-2821. hutp://dx.doi.org/10.1021/n1401070p

241-246.

[28]

[29]

[30]

132]

[33] Li, H.F., Ding, G.F., Yang, Z.Q. (2019). A high sensitive
flexible pressure sensor designed by silver nanowires
embedded in polyimide (AgNW-PI). Micromachines,
10(3): 206. https://doi.org/10.3390/mi10030206

NOMENCLATURE

Si0/Ag/ADIT Silicon Dioxide Silver

Alcohol Dehydrogenase

PI/Ag/ADH Poly-imide Silver Alcohol Dehydrogenase

Greek symbols

a thermal diffusivity, m? s-!

B thermal expansion coefficient, K

0 dimensionless temperature

7 wavelength

Subscripts

SiO, silicon dioxide

PI poly-imide

Ag silver

ADH alcohol dehydrogenase

NAD* nicotinamide adenine dinucleotide

PBS phosphate buffer solution
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