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Fabrication of novel humidity sensor based on nanoparticles: and

composite materials by electrostatic spray deposition

uNaInAnasel i

Tasunuaiuayuandsenntuaulszanamruiy Usediilailszana 2555
Inendnlumalulatnszooundiaianszii

amiumnalulagwszveandudigaunmsaianszia



wnansiiiuenansianubidmsunmslynuiensfinviniu lueugralwmilulayssleguaunis

lunnsallagusdu Snvianudlvdaulasilon waznasendaduaivetenalsynasiminisiiltule



d’ a o 4 Y] dy o a
velassms  nisiszAvggunsainsieinnnuunineymau Tuwasdaglsenoulnemaiams
wuaae TWfhate

1T a @ =) 9 9 - v
unadidy  aenfuma TuTaBnszeeuindudiganmsaanss
tszdidanlszana 2555 SwouidudlaZumsativayu 370,000 N
szznahmsite 17 dwd  1gmew2554 B9 30 Aueew 2555
o/ v a ¢ a d a [ IS by LY
HInlAsIMs wNaImAnasal INNA  ase  mendow luma Ty Tagnsgreuinamaanszi

wnanende aotiuma lu TaBnszeeundrudgunmsaanszala

UNAAEID

aw &g kY Y g o o o a
aTslurharumeslannuiunniaruisveseymau luRuuas oyaau Tug
o 4 ~ 9/ ] 9/ 9] a ad = é’ o 4 d
woonlya Tavazesguaeszuumsnuaie Infhata Hduuegninseniivuugmseesuilu
4 4 ar o Y al d 1 T T
nszaniitefnyIteu lulunisignilay Taodeulvvesmswiondauuis Taun ssezviesznig
S W [y al o 0w o
Umedunugiusessy narlumswssuiduuaazanuduvesauiu i awdray finis
a s ey = L o o [ ¥ a
asdeLdnszirnan Inssedumemafiams@enuusdiond asrvaeudnyasiuine
da d 2 ¢ wa
ndeeganssemisianaseunuuifiounsia ndesganssaiisiozasy ATIABLANTANIUAIAID
4 a a a o 1 s o ¢
wemn Insaladszuugd-dtmdaninmslgnidunuhauiianie Inseadeveslauuiaves
a { ey o3|
aymau luRuiwsoy IATiauiaanuidlundnuussuiy (100), (200), (311) uaz (222) Heoavsd
dy B o v ard a o g
MI@EAVUTYN 26 = 38.2, 44.3, 64.4 4ag 77.4 3N dmFuATULOYMALT TuFenven loaezll
v 2 da o = Kt o
Tnssaiunanlanyazuuuenys Inunoaalsoansiaeanuuiiyn 26 = 31.8, 34.5, 36.3, 47.6
& [ g { oo 4 o A d
1A 56.7 09FTIATINUITUILREUUUA (100), (002), (101), (102) tag (110) auaIAy Wetday
! < ¢ ¢ £ 2 ar e 3 a ¢
nidlleddugilnsel muweitanuiuad et lasmaes sudunauudd Il uwudunes
aa e 4 - $ a o ) i ¢
AN NNMIAsPRABVAVTRARMITVBUUITEIA NN FURT e InHauY e ymau TuRuhia
.&' 1 a T W o 4
AT 93%RH N Nudunu@douniny 10.3 AlaTevy anmanu’a 1.84x10°0hm/%RH
r F
unzlimFamessregh 8 %RH na1lumsgaduuaznenuiumiIng 4 uag 2 3uf awdey
o Y 4 dy d oy s a o 4 | R = a 9 1 ]
dmTuureiaNUFURaivIniauweynau Tugsdosn laa wunauidu@uduszuaem

& (I Y a Y a1 Ax
ANUTUUASATIAITUATUNTHIFIEDUUAING

o o a o ] a a a a %) J
MdAy : madgniduunlagiinsiudae IWfhada, Hauuseymeauly, Fulssfugasnianimiu



Research Title: Fabrication of novel humidity sensor based on nanoparticles and composite materials
by electrostatic spray deposition
Researcher:  Miss Thutiyaporn Thiwawong

Faculty College of Nanotechnology

Abstract

This research is a study of preparation of silver nanoparticles, zinc oxide nanoparticles thin films
by electrostatic spray deposition (ESD) for humidity sensor application. The nanoparticles thin films
were deposited on glass substrate to investigate the thin films growth conditions such as distance
between nozzle and substrate, deposition time, and electrostatic field. The crystal structures of sample
films, their surface morphology, and optical properties have been investigated by X-Ray diffraction
(XRD), Field emission scanning electron microscopy (FE-SEM), atomic force microscope (AFM) and
UV-VIS spectrophotometer (UV-VIS), respectively. Silver nanoparticles thin films were founded in
the orientation of (100), (200), (311) and (222) plane cubic structure at diffraction angle 20 = 38.2°,
44.3°, 64.4°and 77.4°. In case of zinc oxide nanoparticles thin films, the crystalline properties were
founded at at diffraction angle 20 = 38.2°, 44.3°, 64.4°and 77.4° that corresponding to the orientation
of (100), (200), (311) and (222) plane with cubic structure. For the silver nanoparticles humidity sensor
were fabricated on to interdigitated electrodes. The characteristic sensor showed that a sensor has
impedance 10.3 k() at relative humidity sensor of 93%RH sensitivity of 1.84x1050hm/%RH, and
hysteresis of 8 %RH. Humidity adsorption and desorption time are 4 and 2 seconds, respectively. With
zinc oxide nanoparticles, humidity shows highly linear sensitivity behavior between the relative

humidity and the complex impedance.

keywords : Electrostatic spray deposition(ESD), nanopaticle thin films, Humidity sensor
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Tasandnal
EWHM of
XRD rocking Carrier Electron
curves concentration mabitity
Sample {are sec) {fea™) (c* Vi Ref. {year)
Monte Carlo calculation e 300 146 [Albrecht er al. (1999}]
Bulk ZnO grown by nfa 60X [('E 205 {46 [Leok ef al. (1998)]
vapor-phuse transport
method
Bulk ZaD grown by 49 (0002) 303X 10" (296 K) 131 (296 K) 669 [Nause and Nemeth (2005)]
prassurized melt method 3.64x10%¢ (77 K} 208 {77 X)
Bulk ZnQ grown by 18 (©002) 8x 104 200 670 [Maeda et al. (2003)]
hydrothermal method
ZnO thin film on 151 {0002) 20%10%¢ {55 147 [Kaidashev ef al. (2003))
c-plane sapphine
substrates grown
by PLD
ZnQ thin films on 42 {00623 1.2% 107 130 148 [Kato ¢f af. (2003)]
e-plane sapphire grown
by MBE
Zn0 thin films grown en na 7.0:219% 120 148 [lwata er af, (2000}]
a-plane sapphire
by MBE
ZagMn,y ,Of 7200 nfa 88X 1022 cm~? 130 148 [Edahiro ef al. (20D3)]
hetemwstructure grown on
o-pliane sapphire
by PLD
700 thin film on 18 (0002) 122104 145 148 [Mivamoto e7 af. (2004)]
c-plane szpphire with 1076 (1071} 671 [Cho er al. (2005)]
ZnQiMg0 double-

buffer favers grown
by MBE
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EVAPORATIVE METHODS

Vacuum Evaporation

Conventional vacuum evaporation
Electron-beam evaporation
Molecular-beam epitaxy (MBE)

Reactive evaporation

GLOW-DISCHARGE
PROCESSES

Sputtering

Diode sputtering

Reactive sputtering

Bias sputtering (ion plating)
Magnetron sputtering

Ton beam deposition

Ton beam sputter deposition
Reactive ion plating

Cluster beam deposition (CBD)

Plasma Processes

Plasma-enhanced CVD
Plasma oxidation

Plasma anodization

Plasma polymerization
Plasma nitridation

Plasma reduction

Microwave ECR plasma CVD

Cathodic arc deposition
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CVD epitaxy

Atmospheric-pressure CVD (APCVD)

Low-pressure CVD (LPCVD)
Chemical Vapor Metalorgainc CVD (MOCVD)

Deposition (CVD)  Photo-enhanced CVD (PHCVD)
GAS-PHASE CHEMICAL
Laser-induced CVD (PCVD)
PROCESSES
Electron-enhanced CVD

Ion implantation

Thermal oxidation
Thermal Forming
Thermal nitridation
Processes
Thermal polymerization

Electroplating
Electroless plating
Electrolytic anodization

' Electro Processes Chemical reduction plating
LIQUID-PHASE
Chemical displacement plating
CHEMICAL

Electrophoretic deposition
TECHNIQUES

Liquid phase epitaxy

Spary pyrolysis
Mechanical Techniques ~Spray-on techniques

Spin-on techniques
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Ramified jet mode Y
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Liquid p[kg/m3] H[Pas] Y [N/m] ér K Reference

Acetone 790 0.0032 0.023 20.7 53 Gafian-Calvo et al.(1997)

n-Butanol 99%pure 810 0.00294 0.0246 17.8 15 Rob Hartman (1998)

n-Butanol 99%+LiCl 810 0.00276 0.0252 17.3 101/216 Rob Hartman (1998)
Dioxanet 2/4%formamide 1030 0.00139 0.03 2.3/2.5 0.24/1.1  Gafian-Calvo et al.(1997)
Ethylene glycol 1110 0.02 0.046 38.8 1 Jaworek and Krupa(1999)
Ethanol 789 0.00116 0.022 25 30 Jaworek and Krupa(1999)

Ethylene glycol 1109 0.02 0.048 37 76 Rob Hartman (1998)
Fernandez dela Mora and

Formamide 1130 0.0037 0.058 111 28400

Loscertales (1994)

Glycerol 1262 0.92(25°C) 0.0063 X 1.57 Ku and Kim (2002)

Isopropanol X X X X 50 Ragucciet al. (2000)
Methanol 795 0.0059 0.021 33.6 85 Gafian-Calvo et al.(1997)
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2.2.2.1 H5ANANAABMINTZMAU INHUBDNMN

1. usaTsunag (Gravimetric force)
a { v d Y @
2. 1391 atin (Blectrostatic force) AW1a1snInTudin lulfagiuseesy
o @ . o2 = o Y
3. usIWanuuugaslL (Coulombic force) Lm@aawmwmmummaﬂﬂizﬁﬂﬂmﬂm
= ' £ 0o q 9Ya At v oA !
melumsazaeigniuesnin Fezh IdifamsnsznevssaishBaoenuissnianyalig
§IUT095Y
= a a . . é 9 =Y 4
4. s ladandfn (Viscoelatic forces) Frzweremilnilosnszuavasnetines
1q 9
Tiildgnuenseen
a . P o o a a 4
5. L159A9A7 (Surface tensions) F49LNTLINALUTIVNUDBNYBIAIEITALA1ONDRINDT
v a ¢ o
6. UIWUVAIN (Drag forces) 1NMITIFHIATIZNINYTZIVDEATALAONOANOINY
DA

2.2.2.2 {ffn%’ﬂﬁﬁwasiaLﬂ%ﬂuﬂéaﬂﬂﬂnszmumsﬁuﬁw"lﬂﬂmaﬂ[29]

1. &mﬁﬂimma ﬂﬁﬂizmwmﬁ'mﬁ'ﬂimaqa wazInseardeueaens
2. autiAvesssazane (Anunila, n1si IAuazusanaia)

3. fng Wi dans na uazanududu

4. szpzvnsenhalmeRududuuiugusessy

5. gungl A uazauE BN A

6. NM3ARIUNVDIUUHUFIUTOITY

2.1.3.3 msdszgndlinunnmanseuildundasnsudelwihada

mswudae ihaiaansarhlddszgrdlFldnaomvnunnine souldfamswud
A d aa = 3 o (Y ar o a o o
wsemsilgnianuie FFmemenmnuaziaiioz IFdwmivilgnduuisuasidununaniie
A S &2 g Y a o ad ida
158210 Y0UNaI vIovods Fullu ldmunss1edewese1imuisn (Altenburg) UANT
1 { - 1 L a’l o, 1 =Y 4 1 Y
uuFun lasunnuaulaguniu dufe I3nsvusle IWdhatae die luuuunil vou
o a 1 o o A Y
(Choy) 1évinmsBeuBeumzdreddems Wnszua Iihuazanudedndiie g lunswamun
ar o o) I~ . o
nszuaumsmsdgaildudremsseimeiluiiuloniuail (chemical vapour deposition
o =~ & { o o
processes) 33udamsAdunldnanslgn lildszgndldau demsiueruenmsldizms
] a Y] %’, ] o o o oy
wume Ifhade dniuieldvhmsagluasivauefnssurumssssuflduuiededsms

[ 4
wuae IWthadauazmsiilauuieh 18l Usegnd 14 dail



wnanstduenansianubidmsumslynuiiensfinyimiu lueugalmilulydsslosuaunisen

lunsdllagvsau Snvimudilndawdasilon wasnesendaduaivetenaisynasaminisinluly



dy ~ N o 1 N =~ = ' gj ' N ) N o N
wnansiiduenansianubidniunislynuiionisfnewniu lueygsinillydsslesuaunisan

lunnsdllagau Snvinudlvdaulasilon waznesedaiuaivetenarsynasminisinluly



30

, |
LY 4 I3
2.1.4 ndnmsnsesiledmnzhandRmwizyefan(26]

= kY =3 a o g d
2.14.1 ﬂ1§ﬂﬂﬁ1iﬂiﬂﬂi1ﬂﬂﬁﬂiﬂﬂﬂ1ilﬁ€l'¢lm‘u‘uﬂﬂiﬂiﬂ9ﬂ°ﬁ
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1 & :
R =_|— h.—h
i [NZ( : ) (2.12)

2.1.4.2 myanmaniamauasdeszuugI-dadida mnlnsalnd

(UV-Visible Spectroscopy)

msAnyauTANEIRsszugI-Aatiliauv-vis) aulnTnsalndl uldlunis
a 4 A 4 2 o g Y = v
AnszrasGudiodszuad ae. 1930 Fuiudluaala Insa Intluuugadurtiausn 5aen210

o1ndunldlursvesyagizniang 190 -400 wTuwas uagvensldfersvediatiia (VIS)
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v 1 ' =1 4 a
970g3r1719 380-800 U1 Twwas Inonannisnsnzgiuvesuasnfelouauiunialilan

(]
ﬂl a 1

AsgnU g uaeunediuszazRounduiidiaquazes Tuaansdau@umadi 1 dralu e
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A A 3 = a w
s Io A9 ANUIVNUTINANOTSNUNIINE

I fin anuduursiaztounniaian

&

I fio ArmduuasingqruAI3g

o Q/ = Q( -
enTe Idtiswvesdudssansnisaetouuas R (Optical Reflectivity Coefficient)
o Q( o’ = QJ 1
ﬁuﬂizﬁmmi@ﬂﬂﬁu OC(Optical Absorption Coefficient) uazﬁmﬂizﬁmmimqmuum

¥
(Optical Transmittance Coefficient) JEESh

Fuilszansmsasiounas R==— (2.13)

by 1
aaiuaduuasidunathg agiinn

Ll

I,-I, =I,—RI,=(1-R)I, (2.14)

a‘; A o 8/ Y A < 1 o
nnduieuauaumadi ldlutaquasizgnganiu snglazmuiudseslinnny

y o -
Wuudsanasuuend nudsanwszeznie 4
TunsfinfimsagfeunAadunds anuduvsumsiing griuesna1uvalresiag
2 -ad
I =(1-R)*I,e (2.15)

o a £ t — — 2 —ad
duiszAnsmanzgrues I=—=(0-R) lee (2.16)

) 1. [T
duilszAnTmaganauues @= _Eln{ a —R)} (2.17)
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1 1, ([
= (=1nT) = —In| 2 2.18
o d( nT) y (I) (2.18)

=

TumsAnmautaimauawesmsduriidiu Tasszdundanuluudazaas Snado
msffounlaanieluves Tuanafifianiiznisdidsasuresnisia Tasfivauoeed
1 v o o’ v o a o o Y a
UUN(Y-ray) wazSaaensinadomsulasunlasvesdianaseutaziivinanisuanyes
Y &2 o U =Y a o 9 FTR w A a
wusgah llgaeaziBeavesnsinsied Inssadavoeas ldeaeve 9@ Inadumsusa
(far infrared) mufeany Ly Tasomilinademadr IdiRamsmyuriamsindeounved luiana

o o T @ o a o ia o a 1
szAunasulutsvesdans hilemasz i ldBidnaseuiifaiuszfaannizig

da v A o ad

& o a
uﬂuaaswamwmamqwu Farzensavendnsazvealaana vesmslsznoudursd
vetieldiTy fiuszgfineuning (conjugated double bond) fisaninnaninmsmdouiids
ag . -
YDIDIANATOU (electron delocahzatlon)LﬂuNaﬂlWh’O\‘l’JNﬂlE]\iizﬂ‘]JWﬂN’]uizﬂ’JN HOMO ung
X a § ad <
LUMO anad anuefanasnuilflumsnszdumsdwesdiinaseunsziosasdie miga
Y o dyi 1A Ao
FUNTINUYoe lumnalssnniitegnanudiio
] i o a ad .
Tumsganfuuaersgitiusnasinamingvhldifansid8ianaseu (electronic
. . g ' R 1 ad
excitation) 1ATN1ILWU (ground state) "lﬂgﬂm'm%ﬁ (excited state) Na1ABBIANATOUIN
v Aa o ° Y P ] 1l o w = ' o o &
syaunfindaudzganszquldiullegissAundsnuigendl naanunganaulae
¥ { 1 [ {
TuwananseozautuIziANMAUNAA U INAIUNIgInT wasnungnganiylae
g‘} 4 1 Y 1 -3 1 o ‘g’
TunnarisezaoutiuzliA WA UNAA1IUBINAITH (AE) serieanizidugniziy
a o Y a a 1 4 ¥
TumsdBiinasoureaiszdnun (o-bond) 9zldwataiugandi (aauenadudu
Y Qs 4 t ar 1 faw A v Y .
n31) Tuniuseln (7T-Bond) {199 InFendenusereesivian luneruse (nonbonding)
@ da v 1 a Y] = v )
AUDBDIUNANONWHTS(bonding) vaausEEnInnn luiuse In
Tuananganfuuagiviennuenadudilszuin 150 i luuasasundneg
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UsznoudeiussdnuuiiowmindlundinuicusafBinnasouvosiuszdnin 14 ud
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A'l ' a‘ A Y o v.:' o o 1
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A15197 2.6 AMVBINNNEIAAY, WA LIALAIAVBINS excitation

Spectral Wavelength Energy Energy
3 Type of Excitation
Region Length(nm) Range(cm ) Range(eV)
Vacuum-UVvV 10-180 1x10°%-55 ,600 124-6.89 Electronic
uv 200-400 55,600-25,000 6.89-3.10 Electronic
Visible 400-750 25,500-13,300 3.10-1.65 Electronic
Electronic, Vibrational,
Near IR 750-2,500 13,300-4,000 1.65-0.496
overtones
IR 2,500-25,000 4,000-40,000 0.496-0.0496 Vibrations, Phonons

2.1.5 1S3 (Humidity Sensor)
2.1.5.1 HANMIVDUBUBDINTIDIAANNTY
2.1.5.1.1 ANHYY (Humidity)[30]

g . . %‘ { ] 4
ANUTY (humidity) vuneds Ssunahilsngeglugamzveswunaluene wislu
-4 a & o dy g Yo 1 1 & dy [ o o R
unayiadu jluuumsiaanuunldduediuninaisno ANUFUTUNNT (relative

. { o ¢ - = 3 .
humidity) mm%uﬁugm (absolute humidity) Lmzqmwgugﬂmﬁ’n (dew point temperature)

v
(=

dy @ w o g ] v Aa 9 o g o o oA
Tﬂﬂﬂ')'lﬂJ‘]fufﬁJW'ﬂ'ﬁ L‘]_I‘H‘H‘Ll')ﬂﬂ'li')ﬂVluEJll‘l‘]fﬂuﬂJ']ﬂ‘V]ﬁ'ﬂ ANUHRUYYDIANUTUTUANT A

q

Y

1 o ¥ y o ¥ A ! o &
amwmwmmmﬂu%uwmzuu ﬂammem"lamaumﬁqmﬁgmﬂww TGIEWI’J"],‘ﬂLm’N Glu

sivosefifuddaaunsii 2.19
RH(%) = Po/Pex100 (2.19)

4 .
Taeft  RH(%)fe anuaudunng (%)
¥ 1
P, o anuduletunediy (mbar)

o I3
P, Ao ANuaU 1911917 (mbar)

g Y 4 @ [ ’o‘ T
AMUTUGUYSTEL (absolute humidity) Ao da1EIUNIAURY lothAelSuasyoso I
o v o 1 %’ .
visouna 01mulSeuldnduanunuuiu v eanududuved lori lusme (Suzuki, 2004)

e MuduRuE 18asaun1si 2.20
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dw = [Mw/(VwtVg)] =Mw/V (2.20)

Tavfl d,  #e mm%uﬁ'wgnf (kg/m’)
M, o uavesleth (kg)
Vo Ao iBmasvedlerh @)
V.  fo 1511a5109010e1R (m)

¥
V, Ao diasvesoimauiauaz lethsaudu (m’)

- ¥ : . ww % a
gaugilgntiIA1e (dew point temperature) Ao gaingidennuan loreslueaine

9 Q a
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2.1.5.1.2 [¥WBDIAINYY (Humidity Sensor)[30]
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a A 9 Y1 - S aa Aa gy =
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2.15.1.3 ﬂit!ﬂﬂﬂ]ﬂﬂ!%ﬂl%ﬂ%%ﬂﬂﬂﬂ%ﬂ[30]

Y J &L a t < a @ o =
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dy (Y v d )
ANUIUTUNNT (%RH)

gUnfl alFeunan lsa Twunaidenesian  uunfideunae lsa
‘o) (lithium chloride) (potassium acetate) (magnesium chloride)
0 11.23 £0.54 - 33.66 £0.33
5 11.26 +£0.47 - 33.60+0.28
10 11.29 £0.41 - 33.47+0.24
15 11.30 £0.35 23.28 +0.53 33.30+0.21
20 11.31 £0.31 23.40 £0.32 33.07 £0.18
25 11.30£0.27 23.11 £0.25 32.78 £0.16
30 11.28 £0.24 22.51 £0.32 32.44 +0.14
35 11.25 £0.22 21.61 £0.53 32.05+0.13
40 11.21 £0.21 - 31.60+0.13
45 11.16 £0.21 - 31.10+0.13
50 11.10 £0.22 - 30.54 £0.13
55 11.03 £0.23 - 29.93 +0.16
60 10.95 £0.26 - 29.26+0.18
65 10.86 £0.29 - 28.54+0.21
70 10.75 £0.33 - 27.7740.25
75 10.64 £0.38 - 26.94 +0.29
80 10.51 £0.44 - 26.05 +0.34
85 10.80 £0.51 - 25.1140.39
90 10.23 +£0.59 - 24.12 £0.46
95 10.07 £0.67 - 23.07 £0.52
100 09.90 £0.77 - 21.97 £0.60
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21‘ v a o
ANUYUAUNNT (Y%RH)

gungl Tumendvuenfuown  uuniidoylunsa Tydounan lsd
Cc) (potassium carbonate) (magnesium nitrate) (sodium chloride)
0 43.13 £0.66 60.35 £0.55 75.51 +0.34
5 43.13 £0.50 58.86 +£0.43 75.65 +£0.27
10 43.14 +0.39 57.36 £0.33 75.67 £0.22
15 43.15 +0.33 55.87 £0.27 75.61 +£0.18
20 43.16 +0.33 54.38 +£0.23 75.47 £0.14
25 43.16 £0.39 52.89 £0.22 75.29 +0.12
30 43.17 £0.50 51.40 £0.24 75.09 £0.11
35 - 49,91 £0.29 74.87 £0.12
40 - 48.42 £0.37 74.68 +£0.13
45 - 46.93 £0.47 74.52 £0.16
50 - 45.44 +£0.60 74.43 +£0.19
55 - - 74.41 +£0.24
60 - - 74.50 +£0.30
65 - - 74.71 £0.37
70 - - 75.06 +0.45
75 - - 75.58 £0.55
80 - - 76.29 +£0.65
85 - - -
90 - - -
95 - - -

100
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£ o o
ﬂ’J']iJ‘IfuﬂﬁJW‘Vl‘f (%RH)

gaungl TWmaEounae s n | IWnamolosaan | INUNamoNTama

‘C) (potassium chloride) (potassium nitrate) (potassium sulfate)
0 88.61 £0.53 96.33 £2.90 98.77 £1.10
5 87.67 £0.45 96.27 £2.10 98.48 +0.91
10 86.77 £0.39 95.96 +1.40 98.18 +0.76
15 85.92 +0.33 95.41 +0.96 97.89 +£0.63
20 85.11 £0.29 94.62 +0.66 97.59 £0.53
25 84.34 +0.26 93.58 £0.55 97.30 £0.45
30 83.62 +0.25 92.31 £0.60 97.00 £0.40
35 82.95 +0.25 90.79 +0.83 96.71 +0.38
40 82.32 £0.25 89.03 £1.20 96.41 +0.38
45 81.74 £0.28 87.03 £1.80 96.12 +0.40
50 81.20 £0.31 84.78 £2.50 95.82 +0.45
55 80.70 +£0.35 - -

60 80.25+0.41 - -

65 79.85 +£0.48 - -

70 79.49 £0.57 - -

75 79.17 £0.66 - -

80 78.90 +£0.77 - -

85 78.68 +0.89 - -

90 78.50 £1.00 - -

95 - - -

100
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2.1.5.2 NIATII aﬁmqmanymwmwuwaimqmﬂm1u'§u[30,33]

;7 aa < a = a =
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aadazfiaTusznIeaew Idnuamangeg venssilszuenilunleddudusssuiy
t o a I [ [ 1 “hoog
ana 1w mes luiliweio1ssullsziuanugnaesegnielu 5%FSO (Full scale output, ANAN
s
TAAUDIANSR)
a | ) v d 1 [
2.1.5.2.2 anuh (Sensitivity) Heou lumsnvesanudunussznnadyans
a o o Y o @ T t = o 1
gunanazewna ANl laena ldudriludasiaiusznemsalasuulawe uoidnade
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Sensitivity (S) = AZ/ARH (2.21)
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o a vy . . . 2 a g o
2.1.5.2.3 ANyl ady (Linearity) anuilududuyossiiyoiganniv
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2.2 NIRRT UM INUNIUITIAUNT TN

. 9 d o dy 9 o a 1 < a o
Seiyama (1983) #5100 ian1uau Tee 19 3aqurslin uusesniluuuus 1 ung
né @ o é 9 o [ T £y d' d' a A 9 ar
wazuuumsneanhdelFudnnisiamanudiumuvesiifeu ldve wysiin ieldsy
2’(’ I a a4 a0 1Y
ANNAY e S THanDUANBIMIaE 15 3U1H 11w 36 ppm /%RH Tan1uAUNIY
P dw v o o v ow .. 9 o o dy an EY
AN NUBFUTURNT 30% 111AV 25 MQ Shimizu (1988) A5 10T IAA1NFULLUATADD 14
[y ) dy v o d o dy a A
vaNMTIAA NN TULLUA AU e s ianuulinana 2,922 ppm/%RH HAANY
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a g q v X d o .g gd [ ) a a8
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1 [ { 2’(’ a w d 1w
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d o ¥ v o aa o q o -4
(1991) afruzwweSiannuiunuudunudszylasldneds luditludag laaugu
a g ‘. [ o :g‘ [ v d
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o a ¥ 1
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) Y [~ o o .ﬁ' 4 1
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g ' ° ¢ w Y a 4 X g
pIdfheenuuiludinszua il Mldauaes fannudulianuluinvwily 5,333
1 3 A’ s w o L "
pprv%RHE T nszua i Aanududusing 30% v 0.3 vA uazmlumsneuaues
a a
30 U
o ¥ { ey
Sager (1995) a1 uwureiianusulasldnislfeunasguauiinienag
- an o A Yar &' a Y 3 @ o g =
(asuuasyuin) veaneds luddie 1asuanuiu wafl ldnu e sannusulianw
17 60 ppm/%RH  WanoUaUBIMIAIAIBGN 90 3117 Kang  (2000) 1Rvonuuy Tnseadis
o A’ 1 Y v o 9 =Y o
e iaanuauuunlny lduanmsvesdunuiszylnssadaveussosianyusily
' a d ES aa o a o o A4 A a o (Y] v
une ladiannsnueaneds lud 1NeFserusiuaumn emuanulwasiidrldnnuiou
a Y ) dy A’ =4 P 9 v d o g dycs
e ldume i iannudunennudus #afi ld wu wuwme S iaanuduiisinanu’ 2,307
=1 o 1 4 .ﬂ v w d [ Y
ppm/%RH Fanusalumsasuauss 1 Juniliannug I ianusuduing 30% Wy
. o 4 V-1 o o o g
13pF  Laville (2001) a5 1usumeiiannusuuuudutudszydminldinnnuduluay
EY aa -~ o ,ﬂ o o é" e
il Taeldweds luadludag lannudu namsuaussmanniveusumesiannusueyh
a A’ 1w = ) A’
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a ot P ,ﬂ v w o 1w 1 = Y o o o
uazdannug Wi mauduins 30% mdu 12 pF aeun1ull 2002 TéWanauyesia
3 oy g‘l Q A T i =
anudy TesAanidaldanudounuimansuaueimanaanategh 0.2 Jud nalums

f_?i’ = o o ¥ 1 i
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¥ v o 1w a ¢ o ¥ @
APNFUTUNNT 30% IMAU 12 pF Das (2003) Waruuwueifannudu Tasldnsdanis
A o & ¢ & 9| o Y o £ d’l’ an
moumavesdyanundugdaned seeziloudyarandigdnsninnudunuudtneungy
= 9o = 9 & o a dy
gaziinssaenanouduod IMTuTududwanouaUDIM a1 v U e AN UT Y
1 o a v @ @ X 1Y) { -4 LY @ ¢
Ay 10 Jun Tegdadygyaeenu lugdussu i Fwseuifhianusuduing
T oo ¢ o 4
30% 110U 3 mV uesiannuyuiianu 333,333 ppm/%RH
o o o o &’ = o aa o ar
Kann (2004) wanndasuimesianiusuleelddauvesdinounguiuiag 1
dy [ [~ v 9 | w a =
Ausu Janansudueuduminszua i1 Taenaneuauamanauniny 02 Ju1d
J o 4 ' 3 4 o @ d 1w
mresiannuruliaiu 1 360,000 pprv%RH Fanseuafianududuing 30% Wiy 1
o ¢ o ¥ o o R
nA Zhang (2005) Wauauesianusu laslddduues zno uuuiduni Ty (nanowires)
uag ZnO  WULUNIU1 U (nanorod)  Fedaaudiumundeuntadlivesiagiie 145y
4 o 4 v o (Y
ANUFY Tanudunufa U uRng 30% Wity 15 MQ uaglinnu 1 20,700 ppm/%RE
. Y 4 o 4 r o o
Packirisamy (2005) a3 1uguesiannuru Tagdansidouutamanudiumuvedildu
an ¢ =& y Y y A a a 1Ay a A o
WoRd I Feeuuda IFhaosiwaneuausanianain 2 Juh udiidede Ao wuwes
[ tﬂy ] 1 nﬂy o Y4 3 = ] LY o £y as
TanuFulnanouaUsIRea NUFUTURNT 42% ATl ¢ ldmuzrunuiidesnisia
4 ° o ¥ Y [~ = @
AUTUM nazranpUaussvausUyef TanNAUs luTuFudu Steele (2006) Warnn
¢ w A g o d Yoy & a A S w
e ian Nuaua NuS guudunvilszy TaeldRduusveseglifiovoen laailluig
ng = g = a an = A Irl 9 ~ ng
Tanudu Fddnansuausimanaufive 42 Tadiuf Tasliainnug IWfhinnuiu
v o d v W = 189 a Mo = ]
FUWNT 30% M4 55 pF uaziinnw'la 36,363 ppm/%RH UALT0ITE fiD HARDUEUDIN |4 L]
o) a o LY 4
(WuFadu Ketthanom (2006) Wannaiaes sannuduuuumaTuladsessinlagldm
a ana o v & ad aa T Y -1
satluneswodd luaindeusiuvidian InTauug1us0adanou wuIurues TanNuFULl
i 4 [ o d [ Y d @ ¥
HRADUAUOINA NUTUTUANS 30% 11171 2.18 pF aumesannuFuiinnuli 3,810
o 4 . ¥ -
ppm/%RH rulrasina1 lumsgaduanudu 1.3 Tund Tnmlunisaieanuiu 247.1 Jud
YY) aw A - o d o ¥ 1 v Y =Y
Tpudalinuiten 1afilszgna ldnuameifanusuedisdeiiies Tuil 2010
0 J o 4 = o
Hui-Juan Chen tazaaiz(35] 1avhnsadaaumesinanuduuuuaiug i Taedgniay
o o v an 9 asy . 1 o
PENDINAAITUBUAIDUFIUTOS5UFANOUAIEIT DC magnetron sputtering WU iruaro5il

=}

4 y 1 { 4 ¥ o d
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dé 1 aw A

9 4
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== Y 9 o & sy Qs
AoUaUIUIUNIN TuTiAeIAY Yong Zhang azaaz[36] 1a¥n1sAnEITULANITATIVIA
2 od gy & a1 d . . Y a o e Y as .
AMVUNNUIFRIAAT1NIUINAAY Biy K, TiO, ASUUUIDUABIATN AI8TTNS Spin-coat
T =Y 4 ?:’: [l =Y 4 a
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¥ 1 W =y H ! ] WY [
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f119194N 2.9 Nﬁﬂ'l“l«lf]i]EWILﬂEJ'J“U’ENﬂ‘UL“ﬂﬂl“ﬂ@ﬁﬁﬁ?ﬂ?ﬂﬂﬂﬂ‘ﬁﬂ‘L]'SSLﬂVWNIﬁN‘U'N[30]

. v s 5 5 anuvu  nanlums
1l HseWus Hann13 et o
au (um) APUHUBY (s)
1983 Hijikikawa, etal. A21UAIUNIY GOINGH 10 100
1985 Tsuchitani,etal. ANUAIUMIY  lovouin-lawedmes 10 120
1985  Jadhav,etal. AU UMY AlOx 120 nm 20
1988  Shimizu,etal. ANy lW¥h Woad lud 1 15
1992  Sadaoka, etal Lerd wodluos 5 60
1993 Bolzhauser, et al. ﬂ’J’liJiﬂ‘V\H}'\h waﬁ%‘"luﬁ 10 30
1995  Roman,etal. ANy lWih PMMA 5-10 60-120
1996 Shibata,etal. A9 Wi wodd lud 1.3 15
2000  Kangetal.  anwuglWih woas luad 2 1
2001 Qui, et al. ERCITRER Wodd lud 3.8 20
2001 Laville,etal. a9y luih nwodd lud 0.65 1
2002 Laville,etal. a2y lsh woao lug,BCB 0.65 0.4
2003 Tetelinetal.  augluih weao lue,BCB 1.6 0.4
2004  Kalkan,etal.  nszua Wi Faneuu lumla 0.04-0.2 <0.2
. 3 J
2005 Kim, et al. anudmu sedules-lnnuua 30-40 90
- . . ITna%dninsla¥-
2008 Park, et al. DUNLLAUY - R - 120
1103
2010  Chen, et al. anuy Indh pzuRINANS U - 180
2010  Zhangetal.  ouWuAUH Bi, K, TiO, - 12
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Z(f) = R(f) + jX(f) (4.1)
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Electrostatic Spray Deposited Silver Nanoparticles Thin Films for Humxdlty Sensor
Applications

T. Thiwawong'?", K. Onlaor'?, B. Tunhoo™

! Electronics and Control Svstem for Nanodevice Research Laboratory, College of Nanotechnology, King Mongkut's
Institute of Technology Ladkrabang, Bangkok 10520, Thailand.
2ThEP Center, CHE, 328 §i Ayutthaya Rd., Bangkok, 10400, Thailand

In this work, thin films of silver nanoparticles for humidity sensor applications were deposited
by electrostatic spray deposition technique. The influence of the fiozzle to substrate distance on
properties of films was studied. The crystal structures of sample films and, their surface
morphology, and optical properties have been investigated by X-ray diffraction (XRD), field
emission scanning electron microscopy (FE-SEM), atomic force microscope (AFM) and UV-VIS
spectrophotometer, respectively. Silver nanoparticle thin films were founded in the orientation of
(100), (200), (311) and (222) plane of cubic structure at diffraction angle 29 = 38.2°, 44.3°, 64.4°
and 77.4°. Moreover, the silver nanoparticles thin films humidity sensor was fabricated onto the
interdigitated electrodes, The sensor exhibits the humidity adsorption and desorption properties.
The characteristics of sensing device were also elucidated

Keywords: Silver Nanoparticles Films, Electrostatic Spray Deposition.

1. INTRODUCTION

Metallic thin films usually give adequate
performances for mirrors in optical instruments. Among
them, silver (Ag) has several advantages with respect to
other metals [17]: (i) for the full IR region and down to a
wavelength of 400 nm it has the high%t reflectivity and the
lowest polarization splitting; (ii) it is completely stable in
aqueous solutions of any pH as long as oxidizing agents or
complexing substances are not present. However, the
disadvantage of using Ag layers is that they tarnish under
ordinary atmospheric conditions and do not have the high
reflectance below 400 nm [2]. Several methods, such radio
frequency magnetron sputtering, reactive electron beam
evaporation technique, thermal evaporation method and
ink-jet printing technology [3-6]; have been used in the
preparation of silver thin films. However, these methods
are expensive and require high vacuum and other stringent
conditions .In the past few years, electrostatic spray
deposition (ESD) technique has been used to prepare a
variety of functional metal oxide thin films. Compared with
other film fabrication techniques, ESD is a simple set-up,
low cost, a wide choice of precursors, relatively large film
growth rate, ambient atmosphere operation, 2 good control
of the morphology of the deposited layers. The ESD
technique was used so far to deposit thin films of functional
mefal oxide with application in different fields, ie.
rechargeable lithium batteries
[7], solid oxide fuel cells [8], heat exchange reactors [9],
biomedical implants [10] and sensors [11,12].

In this paper, we report the preparation of silver
nanoparticles thin film by ESD technique. The surface

*Comesponding author.
E-mait: kithuliy@gmail.com

- prepared by ESD.

morpholbgy, structural and optical properties. were
investigated in order to using for application in the
humidity sensor applications.

2. MATERIALS AND METHODS

For the deposition of the films a vertical ESD setup
working under ambient atmosphere was used. The liquid
precursor solution was fed by a syringe pumnp through a
plastic syringe to the tip of a stainless stee] nozzle (inside
diameter, 0.1 mm). When the high voltage is applied by a
DC high voltage power supply between the nozzle and the
substrate holder, the precursor solution is atomized at the
tip of the nozzle into an aercsol of very fine droplets. This
aerosol of highly charged droplets is directed to the
substrate under the electrostatic force. When the droplets
attached the substrate, the droplets are losing their charge
and spreading, drying and decomposition of the precursor
solution occur. In this way,a thin layer is formed on the
substrate surface.

Silver nanoparticte (Ag NP) thin films have been
Silver nanoparticle (Aldrich,
nanoparticles, <100nm (TEM), 10 wt. % dispersion in
ethylene glycol} was used as precursor solution. Glass
substrate with dimension of 10x20 mm and thickness 1 mm
was cleaned by alcoho! process and put on aluminum
ground plate. ESD conditions were optimized by varying
distance between nozzle and glass substrate between 20
mm and 60 mm, time deposition was fixed at 5 minutes. A
positive voltage (kV) was applied to the nozzle, breaking
the liquid at the tip of the nozzle in an zerosol composed of
very small droplets. The morphology of thin films was
studied by atomic force microscope (SPA400, Seiko). Their
crystal structures were analyzed by X-ray diffraction
(Bruker). The optical absorption spectra have been
characterized using UV-VIS spectrophotometer (HEL1OS
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Gamma, Thermo Spectronic). The Ag NP films were
employed as the humidity sensitive material for sensor
development. The sensor devices were fabricated by
deposited the Ag NP onto the interdigited electrode. After
that, the device was tested in the humidity-controlled
measurement  system. The  humidity-controlled
environments 11, 23, 32, 52, 75, 84, 93% RH, were
achieved using saturated aqueous solution of LiCl,
CH;COOK, MgCl;, Mg(NQ;),, NaCl, KCl and KNO;,
respectively. A precision LCR meter (Agilent, E4980A)
was used to measure the impedance characteristics during
the humidity measurement.

3. RESULTS AND DISCUSSIONS

XRD spectra of the Ag NP films at a fixed deposition
time of 5 min for various nozzle to substrate distances are
shown in Fig. I. XRD pattern exhibits a polycrystalline
nature, with the diffraction peaks indexed and compared
with standard data in the JCPDS-ICDD. The peaks were
observed at 20=38.2° 44.3° 644° and 77.4°, which
correspond to the (100), (200), (311) and (222) plane of
cubic structure, respectively. The intensity of peaks
increases with increasing deposition time, whereas the full
width at the half maximum (FWHM) decrease with
increasing deposition time. The decrease in FWHM can be
explained by the decrease in the concentration of lattice
imperfections, due to the decrease in the internal
microstrain with in the films, and an increasec in the
crystalline size. Typically, stress also occurs in the film due
to the lattice misfit. Nevertheless, the stress has two
components: thermal stress arising from the difference in
the expansion coefficient of the film and substrate, and
internal stress due to the accumulating effect of the
crystaliographic flaws built into the films duripg
deposition.

‘Fig. 2 shows the room temperature optical absorption
spectra of Ag NP film at a fixed deposition time of 5 min
for various nozzle to substrate distances in the wavelength
region 300-900 nm. In this spectral performed, the main
absorption peak was observed at around 440 nm. This
result agrees well with the Mie theory for the surface

plasmon peak of nanoparticles in UV-Vis absorption

spectra. According to the Mie theory, silver nanoparticles
of diameters ranging from 1 to 10 nm have the plasmon
peak width increasing linearly with the reciprocal of the
particle diameter [13, 14]. The surface plasmon peak of a
lager nanoparticle is more narrowed (intrinsic size effect)
[15]. However, when the particle diameter increases further
(> 20 nm) the peak width increases with the particle
diameter (extrinsic size effect). Surface morphology of thin
films was obtained by AFM image. Fig. 3 depicts the AFM
topographic images of Ag NP films at a fixed deposition
time of 5 min for various nozzle to substrate distance.

It is found that the surface roughness (RMS) decrease
when the distance between nozzle and substrate was
increased because of when increases distance between
nozzle and substrate will pile up of silver nanoparticle on
substrate, As can be observed, the RMS roughness
decreases from 9.59 nm to 2.35 nm when distance between
nozzle and substrate was increased from 20 mm to 60 mm.
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FIGURE 1. XRD patterns of Ag NP deposited at a fixed
deposition time of S min for various nozzle to substrate distances.
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FIGURE 2. Optical absorption spectra of Ag NP films at a fixed
deposition time of 5 min for various nozzle to substrate distances.

The results were founded that the grain size of films near
around 100 nm at distance between nozzle and substrate of
60 mm.

To investigate the hurnidity sensing properties of Ag
NP films, the humidity Sensor device has been fabricated
by deposited Ag NP films at nozzle to substrate distance of
40 mm with a fixed deposition time of 5 min on the
interdigitated electrodes. When the humidity environment
changes, the Ag NP films can be absorbed the moisture and
lead to the change of their impedence charecteristics. With
the relative humidity increasing, the impedance of Ag NP
sensor shifted to the lower impedance monotonically. The
relationships between the shifted impedance for Ag NP
sensor and the relative humidity were presented in Fig. 4.
The tested humidity levels ranged from 11%RH to 93%RH.

To study the sensor's repeatability, the sensors were
tested in two fixed humidity levels repeatedly and the
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