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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 kQ) at relative humidity sensor of 93%RH sensitivity of 1.84x1050hrn/%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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Figure 1.2: Electrospray modes (after Cloupeau and Prunet-Foch, 1990).
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Liquid p[kg/m3] U[Pass] YIN/m] &r K Reference

Acetone 790 0.0032 0.023 20.7 53 Gaifian-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)
Dioxane+ 2/4%formamide 1030 0.00139 0.03 2325 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 Ragucci et al. (2000)
Methanol 795 0.0059 0.021 33.6 85 Gaifian-Calvo et al.(1997)
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Fig. 1. Schematic representation of the films deposited on Pi-coated alumina
substrate: (a) top view and (b) cross-sectional view.
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Spectral Wavelength Energy Energy
» Type of Excitation
Region Length(nm) Range(cm ) Range(eV)
Vacuum-UV 10-180 1x1 06-55,600 124-6.89 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 15 MI¥DIANNYH (Humidity Sensor)
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F2 '
Uszianil §a'ldedaanisnd e
P Y o a < (%] [ . g J
Lcﬁumaiﬂma@gwammﬂﬂuwmmm A(Polymer-based humidity sensor) §ULEDT

ﬁ' :!yd 9 [l v T @ a A [ a Y
anuyulszand imsldauedaunsvaeunn i aqesdn e nd aqesidnazaiu il

v
=

=i Y v = o ' ] & Y
mmﬂizmmmmmuqq UAZANTNLIAADUUNITNANTDU G‘]N\‘HL!T@]EI‘VI avlﬂﬂz”lmmm

]
[

a a o a 4 ] I aa 3 14
gaungiilng Tagnedweimiwnldannsouisldluaealszinn fe weddianInslad my
9 H

ad a & 1% wa '
lagiannin ansiannudus l¥mslasuntasaaauiianieldi 1aun aaug Il
9y A dy a =~ A A J v d%l
AUA TN AAUITIINUAI (Penza, et al., 1999 ) azie Tassanyl TagsuisosIan 110y
aa d 4 9 o @ a d' dy A dy
Uszinanneasaning lad agldanuirleoou vesiaailszianlosotindionudwn i u
% = o a 4 & Y o o < a &
Tagazlinnuii lesstiniiud u nalnmsasiaierdednsuirvesoynnilszy loostin ¥4

wasuilesninauin luihaiouen vieanududuilszanineg (Yamazoe, 1986) augavuod

a d' d‘ d‘ [ Y 03} A = Y a =N 1 03/ d' [ Y]
ﬂizfgmmmmim"laaaumaau‘wmqﬂ UL mﬂizi}u U Ao mm"ﬂﬂmammﬂﬂqm MeYNUY
R N T A A 44 Y 2 2
N IIDU 1QATUNTUI TR aG]5m:1GUEJaaumﬂﬂizfgmﬂaaumummﬂaum"lvhhmﬂuam‘w SVRTRT]

q q

[ Y
A a K

[ Y A 1 [ =y 9 [ I a dy 1 Y
ganalimsinaeunmnad usernnuluysnalngd q nudludassuind u dwalvianw

A uUMuanad

14 dy adg a 9 % = 09) ] a d =X
wumeinuFulszianladiannsnldvannisgaduil 1weelassirenodwes ¥4

] ]
J = \ v =Wl =

adg a o v J oy a 4 1 09/ a g a
mﬂm"lﬂamﬂmﬂanwwmmu Hl,ﬁZW'E]ﬁLﬂJ'E]ﬁflﬂ'WI'NﬂUN'Iﬂ ﬁ'ﬁ] U ﬁ]gllﬂ'lﬂ\?‘i/]]lﬂﬂlaﬂﬂiﬂ

@ o d 1w [ a =Wl ~ ad a [ @ 4 = d' = = 09; Y
FUNNTININ VL0 ﬁ’JHW@ﬁLN@ﬁJﬂTﬂQ‘I/]]lﬂ@Lﬁﬂ‘I/]ﬁﬂ’ﬁll‘W ‘]/]‘ﬁ‘]JiziJTmS FUNONUNTIAAGNIU UV
Y Y

1 9 a 4 J Y a g a a I A = (% ~
QTﬂi\iﬁiT\?ﬂJ@QWflﬁLMﬂi i]gﬁﬂWﬁi’ﬂﬂflﬂﬂlﬁﬂ‘ﬂiﬂelI?NWfJa!iJ@iiJﬂ'lL‘W3J5U U AIMNMUANNITU

9 1 H
s I ¥ afarumesanusunuududuilszy dissndrinnuy Iihaznlaeulal

E4
v

1 = ad a dy £ Y] I ] AAa 9 I ada
awaned lasianninuesdns hanusu Feawnsodaldde Yaghteulsduy uladdimn
Ay Y aa s A I [ =i ' = g dy
Taudu 1aun weds lud esnnidlutgafinumuasaisiniivaznisdudlou uenainil
0 I @ J & 1 3 a
Ralston (1994) I8 i uerueoms 14PMMA 1Tluiag Taanudu & sdinade Ao Haawladluids

F) A dy == ~ A
U NANNY UG LASHITNDITHANIN
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2.1.5.14 53']]‘]1ﬂ15ﬂ5'3‘i]'31ﬂﬂ'313»1§1!

o A o =2 v [ dy Aq ¥ o
Tunisnaaes LRaZINITUA El]EJ‘VI]l AT IMSANEININDI F2UUMTIAANNFUNTF N 'JVIJJ

' k4 [
fiog 2 52un Wdn Ao sUURY Mass flow #9310 2.31 Tasazstinmstaesanudud Ui
o =R ' an dy 1 9 il v 9 1 2 & < [
FEUUTA FINUNTLVVITNIU 9ADYV 1IN HazFUToU dIudNIzVUNI T udnyue

A a Y I ' A ' Y dy o o Ay ¥
seupitionlditluediann Ao szuvsvUUAUANNFUFUINNTA19q NldvInnITHey
= a o & asmal 3 A o 1 Y A
asazaenaeaud ua 2 1JuIsNdHe sagauaztluneenived lulagiiv uaaslungl 2.32

£ 3 aw = . . <
Fuilua1uI9811u1/2010 Y99 Fengjuan Miao ¥99%179U tazame[31]

______________________________________________________

Microcomputer

______________________________________________________

1

LCR precision meter

1

Inlet Outlet
Mass Flow Controller(2) E >

Humidity sensor

Mass Flow Controller{1)

Carrier gas

L 4

31 2.33 UMy wmumaamm%mmu Mass flow 1A8321U1=AD Mass flow 1410 UUIATN

v J I 1 o
Simsddesanuansag WAz UA 0 HNOBNINA I8ATOILCR precision meter

Ni/Si-MCP
Computer sensor

~—< | MT4080D
LCR meter

‘ﬂﬁ 2.34 33UUMITY ﬂmummmm%mmmuﬂ Uﬂl?ﬂﬂ’)'liﬁf‘llﬁilw ‘V]‘TJG]NG] T]vlﬂ%WﬂﬂWiWﬁll

msazmamamuﬁuﬁﬁl]
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&£ o o <
ANUBUFTUN NT(%RH)

QuQl aiSounan 136 Twuma@ouerdiaa  wuniliFounanlsa
‘C) (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 - 27.77 £0.25
75 10.64 +£0.38 - 26.94 +0.29
80 10.51 +£0.44 - 26.05 +0.34
85 10.80 £0.51 - 25.11 £0.39
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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&£ o o <
ANUBUFTUN NT(%RH)

quungil Twunadeunivewa  uunideon luase TmRounanlsea

‘C) (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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L o o 2
ANUBUFTUN NT(%RH)

QUNYL Twuma@ounae 15 IwunaGouesdian  InunaGoudamla

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 MINTIVAOUAMA! NHAUZVD UBUIBDINTIDTANNNTU[30,33]

Y] Aaa I a d' d' d'

2.1.5.2.1 ANNGNABY (Accuracy) Taginatisuiuanudanaianuinngan

1 a dy 1 VoA Y o 1 = 03‘ T dy I S 3 4 1 <
MaIzined usznInane e nuamangsq veas st wruenitulesidudvesauay

] 4 a 4 [ [ ] 1 <
ana 15U mes lulneso1viulsziunugndssagniolu 5%FSO (Full scale output, A
4
ANADIANG)

2.1.5.2.2 a1l (Sensitivity) tiou lumenvesnnuduwusszniedy g

13

a 4 o Y I % 1 1 = o
sunauazioana Al laen 2 llud wludasraruszriemslasunlasveseianadns
: R . . )
nmsulasunilasvesduna edunalasunlauiisuaniosniuliersuaaslugdues
o s Jd o J =t v % a
ayWusvolanF UMty loupun udyaadune
o 4 ‘o P 44
Ao asmnlasunlasvesauresTanusuieun vanuruinlasuly uaasly

auMIN 2.21 s1gazdoaudalugln 2.33

Impedance (2)
A

ZRHI

Zpm

‘ - > RH (%)
RHI RH2

v 9
51 2.35 A hvesdrnsandanuiu

Sensitivity (S) = AZ/ARH (2.21)

9

{ 1 ¢ o ] I
Taef Sensitivity Ao A1Am veasuresYan1uFu Inuitedlu Ohm/%RH
A 1 1 a a EL ] d' ) v A ] I~ 4
AZ A9 AMNAAINUDIDUNUA U I 1015 Y eivinnenu Toviy
1 [ 4 [] { o [ [] I~
ARH #o awaanauoanudulusian imsddiniieilu %RH

a @ IS ' @ 4
siauesdyaaneuaustotnilu amwy Irih usedu liflmsedu q
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I a J
2.1.5.2.3 anunihuF adu (Linearity) anuilwsaduvoasumoasgainnsl

v o 2 ' ¢ v a d' Yy o9 = S Y 1
HAAIANNANHUTIZHIUDIANAN VB UNAN InA1ABIN UIdUATIT 9010 duasaTura
a @ { a o 1 {3 a
sunanau awdaslugli 234 Tasdnamsldouausesvz ldaulusrendwsadu

Y

NIRIIRY

Output

A

Input

\ [ ] 9 Jd o T3
2.1.5.2.4 ¥330M51591% (Range) FI9015 1FNUVOUFUIFDTAMUAIND U

= o v & o o Y o Y = a A 1 o 4 a
VA 1N AL IA ’Jiﬂgﬁuﬂiﬂﬂ NWLlul@] ’E]EJW\‘]lJI]iZﬁ‘VI‘ﬁNﬁ‘]f’J\‘Iﬂ'Ii‘V] MNIUVDHULEDT Iﬂﬁlﬂﬂ@]gﬂ

'
Y 1 a o

A 11UAA 2o UNAd 1gALaz g IansnvzTa lavaanis 1Fauezulsanduiuaau

v

9 v A

' A Y 1 Y 9 Y o AA o
na1Ae 8192903 IFnuuauau heggedgaansldauninanuhezd @hdngdo

Y 1 o [ 1 A o o v A A g o A o
G]@\?ul,lﬂ/]'lﬂ'lfl"]ﬂu@ﬂ%?ﬂﬂﬂ’lﬂuﬂLWi’lgﬂgﬂ']blﬂlﬂifNiJf]ﬁMLWEI'ﬂHﬂ’]iVI’]\‘]’IHWﬁ@ ﬂﬂimmi}

3

= Y A a ' A v
laﬂrﬂ']ﬂ]lﬂ Wi@@'mlﬁﬂ\i@@qellﬂ'lwfﬁﬁﬂﬂ’ﬂuﬂaﬂﬂﬂﬂ

Output

Sa, S Aeanua

R, R fovaemsldam

»

> Input

51 2.37 Frams 1T uve s’
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J [ [ Jd o
2.1.5.2.5 ANaz108a (Resolution) ANAZIDIAVBIFULLFOTIZTUN U1

A v

a A Y A A A a A A o v Y a
sunafdesngansomsasunlasdunandesiganiuaimisoasiesuld lasdndag

4 £ 49 A a = ™ ya ~
llﬁﬂ\ﬂuwrﬂuell’ﬂ\‘]ﬂ'lﬂwuellUTIU’E]EWIQ(WU@Q@UWWGHQ?{']M1§Q'Jﬂvlﬂﬂﬂﬂﬂ'lﬂﬁglﬂﬂﬂ"llﬂ\‘]ﬂ'li

q

4 o < < o Vo &
uaAIHaged uaNua e lunsTansmazivuiaanasdiodiury daudanailume

NANEN 4 F1UHUL 0.0001 HUIBIANNALIBIANINAIINTUAAINANITTAAIENATIEN 3
A 1111190.001 MUY

2.1.5.2.6 M3NOUAUDI (Response) A lumsneauoidonNudy
nagouTasmsdloumanudunnt uiula Taok 1 e ldmsmuaud uduingo1n1%
R 93% uazifsunalunsae eI UIEes TAn YA Wi UuIAT0 NS
aovauauitnd wili10% uaz 90% waraslugilfi 236 sunsafananeuaUBINIIN
il naﬁyu (Rise time) uazdalay (Fall time) muaumi‘ﬁ 2.22 ua 2.23 c?éammimmm
wénmsmnalumsaeuaussumFes S AR LA ML Tagaingl M fe a

4 Ao Yy A Hq Y A ] 3 a =
AR lduas t Ao nanly Iniiedluiuni
Rise time = t,;,"ty0 (2.22)

Fall time = t,,9,t,,0 (2.23)

At = togo, -ty

rq—h: /srep input

1 T T 1 T T T T
TR annEs
1 1 :- J: 1 .:.--"“""--":.‘ :- : : ¢ NJI][][)
I | | | ] ]
1 i o ] (]
1 : ‘_JI»"' 1 : : : 1 [ +— '\’10[]
0.8 |____J.___4"'_JI_|.___| _____ oo Lemmmdcccmao o]
! | ————— output | | :
I )
] |_." : 1 : Ip | | 1
e 0 L T N
0.6 l,,,,:."IL,,,,JI,;,,,: ————— : ————— IL————J————J 77777
. 1 1
= nS 1 g | | ! .
o 1 | [N | | | | [ [
(A b | | | :
CL7 e ol R T A CT Ty Ty T T T T
l'." 1 ! 1 1 1 1 1
[l [ [ | 1 l 1 1 ]
@ Lg% ¢ f oy
0.2 I_,:ff,Lf,,fJ,}f,fl 77777 il | ST (I R SRR Sy
f | o | | | i
T T S S S S S A
I I I I I 1 1
0 1 ! 1 ] 1 L L
0 1 2 3 4 S 6 4 8
T T time(s)

tll‘.l IQD

v 9 9 ’ o 9
317 2.38 HAROUANDINIIAIVIT UAIBADINET L) VOUFUIEDT T AAINFU[30]
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At =194 -too%,

+«— M
<+« M

100

o0

|l e— M

10

\ o g 7o J
317 2.39 HAROUANDINIIAIVIAT (RATUADINF) VBUTUIHDFT AR 1UFU[30]

2.1.5.2.7 N13AOUAUDIAOAIND (Frequency Response) ounanliny
4 = o A = dy o v v = ' dy
B I19NAINNAD HIonlasuu)asl uas SuTginsvesnisnlasulasma uaely
: ] ' { J J a J {
Wil amihenaizen AN e suaaz iz innuansalumsasudusdonud
[ Y 4 T { a 4 o A { a
Ty Y uegiuaNuD I TUIIAVOUYUIFOT 1HUITOTNNANUDTITUIAGIAINITD
29 ¥ Yo a o o ¢ = = a '
Uszgnaldanldmnszada uazmszwada Taon 2 lilsuresarslinudsssumnaganii

v
(% a =

{ @ a ' ] ] Jd o {1 o
ANuAveId B uNAee 1l 2 1 & o1 lilHsures Yadyamdunandinnudminy

v
1A

A Y a o = A P ° Y A o P
w30 lndReanuANUDTITUIAVOUFUIED T INT 1z 1T NS Tasuus A lana
a o 9 =
AANAALTN LAz I ure SIdeve
d 1 1 1 4
2.1.5.2.8 SN0 533a (Hysteresis) 10 Waa19gagavesa1ne ulavinginsal
[ U d' Y a 1 U dy [ 1 d' = [ Y] d'
TAINAMUN 939TZHINNTOIUVIV UAVMIDIUVIAINYAUABIN 10 3UN2.38 Tasaingil h

v ' a Ha Aa £ o s
UNUA Y ADITAND I TV NINAY UN VLK ULED T
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S 1 output

zero balance FS s

0 h stimulus

hysteresis

9

q‘ = g a . A a = [ 3
gﬂ‘ﬂ 2.40 NI I (Hysteresis) NNAY UN VIFULED[34]

2.1.5.2.9 ANNa131501UN151191 (Repeatability or Reproducibility) H3©
=i .. o 09; A o o?l [ Y1 a ¥ A
ANUNE (Precision) ANUAW501UMTHF 1009 Wuas weansTalaauauneldeuly
o v & ] ¢ A 9 1 A A A
A UNITIAANUAIVITDVDUFULED T LD 1M AITUFAAIAIKIBDNITADUAUD UMD UIAL
A 1T A o [ Y] 09; A1 A A A o o 09; Y
I IANT M UMITad 1 nAnaNveSanaungnTaauamsalun1siig 10199z 14
T g S I 4 1 A 9 o W 1 1
AutuuinaunlesisuagagaveiniseIursentsla an1izd i aveddayn1Ie 1Y
=) ore = I [ ~
2.1.5.2.10 ANN@DYS (Stability) ANuadesdumsiaanulasundasvos
s P 9 A 9 Aa Y] ' o I
IAna Mo neldou lumsilousunademined ulluszeznauu o
4 o P
2.1.5.2.11 ANUFONU (Reliability) ADANVANTOVDUFULYDI NITAINITO
. v 4 S, . o 4, “ o & s A
1w ld Qeu s wua FIMSUAIUNaINE 1MUMT 0T WIUAT JUBINTV I UNA M UA
Ao ' YY o 4
vagng nsogmeladon 1uavems s
Y . . 4 Y
2.1.5.2.12 211514914 (Operating life) 152 Tomiveo1gnis lda1uaeg
s A d A ' 9 P , o ]
CFULEDS AL UIATBIUETAIINTLEZIAINT 1FIUVDUFULEDINAIA AL AINITON 19U 1A
Yy o v Ao o v -
maladenivua 01gn1slsnvuaznansluglvesnainsesiviuad weenislsaumse
o v o ~ 4 " Y
TRV NI IIUIEDIAITIZNUNIUDY |4
a J 4
2.1.5.2.13 A9 (Dual Sensitivity) Auin@isuireszgnoonuuuu e
o ] ] = ~ ] ~ ] 03; ] [ v A [ ] <
151 U3 a5 naed1alasganil aiewd 1 9@e 11l 1 95U Taaua Wi A e 9819150

o A 1 a A v ' A A T Y o v o Y o
G]'liJl“])’U!clf’E'Ji@'li]iJﬂ'J'liJll'Jﬂf]ﬂiMWmfluﬂﬁﬁJ YU Qmwgn HIDAITULIN mmmang'lﬂ’m

'
= a

[ { ] [ < a a
Fnauneselunszuiumsneavrauasuunlad 1y ANUA Y AANTANAANNAANAIA

Q U

Y
1 Jd o v
B uldnnanu’hg AomwsesTatSunudestSualunanfedy
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U

2.2 NUIFUNNLIVBIYNMINUNIUITIUNTIN

. Y Jd v dy Y o a ] I a J
Seiyama (1983) a3 10wUime5 1 an1uyulayld Y e iin uiveonilunuuysing
d! 4 ) d! 9 [ [ 1 9 d' d' a d‘ Yo
wazuuuasnaghgalenannisyaainnudumuvesinlasu lveawsin We'lasy
ﬁ' = a A A a0 Y
ANUFU LULED5 UNaADUAUDINIaNAT 15 11T 1A213'17 36 ppm /%RH TAIANNAIUNIY
=i dy o v J 1w .. 9 Jd v Ay an U
NANUFUAUN NT30% N10 U 25 MQ Shimizu (1988) H#I1UFULHDTIAAINUTULLUAINDQ 1%
[ Y] dy v d v dy ~ a0
Wa NMsTen T ULLUA ANV TEY s T anuFdinm 11 2,922 ppm/%RH UA1ANY
FY d' dy [ [ 4 [ Y =\ a =\

T AR NUFUFURNTS 30% 19171 285 pF UWaneUaHeINn1aIa1 5 IU1% Denton (1990)
J o 4 aa < I [ g {
afuruzei Tannutulasldweds lua uiaa lanusunazadnesiannsoutag

A Y I o = d o dy dyd [ a A A
A0 Tl uusady & wsusos Tan 1y Uil HHano VA UDINIAIAUNIA V600 IUN T
1 [ FY ~ dij [ o 4 [
A21113 13,470 ppm/%RH A58 1 1WA MUFUFUWNT 30% 199117V 0.49 V Blotshauser
J o 4 v I aa J [ 4
(1991) a1 e Tan1usuwuudunulszy lasldweas luailuiag laa sy i
ad | o P ! o o <
Taseardeoan Insauuuand (Interdigited) Tan11u I e assos nanuFuduing
Y
d o 1
30% 1@ 1.5 pF taziyuaes Tannuadininy1 2,670 ppm/%RH LANAADLAUBINIIAIT
' Y o 3 J v & = A v '
110 A la WanndlusuwesYaanusuwmwuma TuTag cMOS sl enunsauasainiiy
g o 7o J A £ g
vliheenuuiuninszualiil i i iswees Tannusulinaw Ty wil 5,333
A Y, A dij [ o 4 [
ppm/%RH Hanszua Iiinanududusing 30% 11nv 0.3 uA uaznarlumsaeuauss
Aa =
30 3UIN
% 4 y A
Sager (1995) a¥1uwmaesiannuiulasldninlasunlasnuaniianiena
= aa 4 d‘ Yo dy ~ 9 1 d v dy =\
asuuilasving) veaneas luaiin 1a sua1uFu wan lanu 1w Tan1uF uinw
11 60 ppm/%RH WamoUAUBIN1UIADEN 90 TUIH Kang (2000) Tdeonuvulnsadie
7o & V9 Y o o d v P <
s an syl 15vd nnsvesd unulszy Taseasavessuisos ia nyaziiy
] ad a aa 4 = o o A A A o Y 9
una 1AdIANMNI NUDINDAD 1A 11T 8 UT 1IN o uaL Iuadiar linuieu
A Y s o & L g Ay Y 1 s o L o
e Irues Tan1uFAIeANUF UG Han I8 WU D3 ARl iau 112,307
= <3 a A Y A dy o o 4 [
ppm/%RH fianuiElumsaevaues 1 uiiliaianug lihianudsuduwns 30% vy
. 9 o dy v ) @ 9 o dy
13 pF  Laville (2001) @319 Iaanuduwuuduiuilszydmivlsiannuruluau
9 Aaa s 3 [ Ay J o dy A
gl Taeldwedd luditludag 1hanusu nansuaueIn MU ELEDI T AA1INT UGN
a = ﬁ' | % a = d v ﬁ' =\
1 3177 nanlumsaen s umn Y 15 3% wuesTanu¥inu 13 3,166 ppm/%RH
1 { g [ o 4 [ 1 Y] J o
uazlianuy ihnanuFuduing30% miny 12 pF aeunludl 2002 laWaursuiresia

9 9 H
anudu Tasdad siaTianudounuimansuauoinianatanaegio.2 Ui narlums

v
=

dy a =1 o i‘ =\ = 9
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. o 3 3 AN a1 lums
il {seWus NanNmg 749 .
Wau (um)  AOUAUDY (s)
1983  Hijikikawa, etal. A21WA WNIU woawes 10 100
1985 Tsuchitani, etal. AUAWMU  losoudin-Tanedwes 10 120
1985  Jadhav,etal.  AMWATUNIY AlOX 120 nm 20
1988 Shimizu, etal. A2 IWldh Woad lug 1 15
1992 Sadaoka, et al Her IRGITGH 5 60
1993 Bolzhauser, etal. A1 TWldh Woad lug 10 30
1995  Roman,etal. 21w IWdh PMMA 5-10 60-120
1996  Shibata, etal. A2 IWldh Woad lug 13 15
2000  Kang,etal. a2y luih Woad lug 2 1
2001 Qui, et al. ugasu Tl Woad lua 3.8 20
2001 Laville,etal. a9 lWih Woad lug 0.65 1
2002 Laville,etal. a2y lWih Woad e, BCB 0.65 0.4
2003 Tetelin,etal. a2 lWih Woad e, BCB 1.6 0.4
2004  Kalkan,etal.  n3zud llih Fanouu I 0.04-0.2 <0.2
9 J
2005 Kim, et al. ANua Iy aethiles-Tnnuua 30-40 90
_ L Iwasdninslavi-
2008 Park, et al. DUNLAUY - . - 120
SKALIDT
2010 Chen, etal. a1 Tlih pzupsHamsuou - 180
a a 4 .
2010 Zhang, et al. DUNLIAUY Bi, K, TiO, - 12
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3.1 mamssadlannseymmniulaaszuumswudeIiihada
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e Nozzle

oo T

High voltage eocoe Droplet
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power supply — 600000
eeoo00000 nozzle and substrate
(kV) o ooc00000@
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, Ground plate
517 3.2 szvumaesouid o laemsnua 20 ihada
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3.1.1.1 uviaan uHa ln¥hendga(High voltage power supply, HV(kV))
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3.1.1.2 1ia9AU539A15UasH UM (Syringe and nozzle)

v ) [ v
¥apAUsTYET lumInaaeslFvuauisg3 m uaziadnd miumsnuazesdooll

yinadurugud na1n181u 0.300 mm

3.1.1.3 UHHA1IAWAN (Ground plate)
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3.5.4 MIATIVTOVANTANIAEINATBI UV-VIS Spectrophotometer
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l ’ TH0 UV Visble
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3.7.2 fﬂiﬂi')‘ilﬁ?)'ﬂﬂ1§ﬂi’]ﬂﬁuﬂﬁﬁiﬂﬂ313~l‘§u

Y
MINAFoUANITANITARUAUBIADANNY U tazauTAA LAY Vousues 1118
TagldsnadounuaisazalonIasgu  LiCl, CH,COOK, MgCl, Mg(NO,),, NaCl, KCI,

{ 1 o 1 4 o v
KNO, 1u5590gluviausd Tasasazaion1asgiuaeana1ninusuduing (relative

a

humidity, RH%) Ngaingil 25°C 0 11.30%, 23.11%, 32.78%, 52.89%, 75.29%, 84.34% 1Az

U

93.58% AN 19D 1Az TaaInNuA N IFFeuTasnTea LCR (Agilent EA9SOA

Precision LCR Meter, 20 Hz to 2 MHz) laagunsuszuudaudadngilig.i3

11-93 %RH

LCR precision meter

Microcomputer

v 9
51U 3.13 52UUMITANMTABUAUDIABANUF U

U

3.7.2.1 MIIAMMINBUAUDINDANNT U

[ Y
NN IAIAMUA UMIUEBIT DIMANUFUTUI NS 11.30%, 23.11%, 32.78%, 52.89%,
) [ A < A g
75.29%, 84.34% 182 93.58% awd 191 lunouis udwauires vz R UagIN WA 11.30%
I = 03} o 14 o dy A o v
Wunar 5 wH 109 weziiwwwes 1 annuyunaia1ee Tagazsiims Yatlumal 1000

a I ' @ Y4 a
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3.7.2.2 mﬁmmflummauaumdamigﬂci’fmmzmﬂmm%u ( Response and

Recovery time)

9 1
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gmaaﬁu(mmm%mn) Llazﬁijﬂﬁflﬂﬂ1ﬂigﬂﬂﬁiﬁi}ﬁ]ﬂﬁwu(Spray monitor) #18ndod

ans Aa o
9 Tenaas aluszuy
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v J o a3 @ 1 { 03} 1
1NNITINTTINYA IAINA1IIEN 'lﬂ'liLﬂ‘]Jsﬁ}’EliallﬁﬂWiﬂizﬂWEJ@ ’]Tﬂﬁl%ﬂa@ﬁwuﬁigﬁlgﬁ N1LY|

10 - 150 Taawas 4 oyanInanLaadna1519i4.1

Y ' 4 { 1 031 J a A [
M1 4.1 vinardur g ud naeiszez lumswud wdo - 150 Jadwas Tagldang Tudh

WMy 1-11 Alallad

' 4 { [ v
o8P muwmﬁ'umuqua na1(mm) Nszavuseaulnihi-11 kv

(mm) 1kV  2kV  3kV  4kV  5kV  6kVv  7kV  8kV  9kV  10kV 11kV

10.00 - - - 2275 1855 13.67 10.14 8.89 8.48 - -

20.00 - - - - 4284 4120 35.12  21.88 19.12 17.15 14.84
30.00 - - - - - 5520 5559 4338 3422 2951  24.03
40.00 - - - - - - 66.43 7502 5332 53.12 36.25
50.00 - - - - - - 67.89 87.19 9394 8515 53.19
60.00 - - - - - - - 9349 93779 10490 86.22
70.00 - - - - - - - - >130.0 >130.0 >130.0
80.00 - - - - - - - - >130.0 >130.0 >130.0
90.00 - - - - - - - - - >130.0 >130.0
100.00 - - - - - - - - - >130.0 >130.0
110.00 - - - - - - - - - - >130.0
120.00 - - - - - - - - - - >130.0
130.00 - - - - - - - - - - >130.0
140.00 - - - - - - - - - - >130.0
150.00 - - - - - - - - - - >130.0

9 =i o = = v o '
1NV 63461114@1151@1/1 4.1 u'lil'llellﬂuﬂi']wuﬁﬂ\itlﬂlﬂuﬂ\‘lﬂj’lmﬁuw UBITUIN

@ FY 1 o a Y ] 4 Y o
usaau lwihvesumasd wiauazvinavoudurugud nanelaaagilaa
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100 AR/ EE AT FLCA 2TV A T R B PV F T A B L L B B U R B B ME ) 2R BB ELT B AR AT A ARARS B E )
o %
¢ —=— 10mm . ey ) ]
----- - 20 mm 7 N
--a-- 30 mm i \ :
- ———— 40mm A 5 .
= 5 5\ \
E | s 50mm 4 5 ‘ ]
£ S
= —-x—- 60mm pot ATy
5 50+ - by \\ i
5 4 ‘ S
0 .
hkh‘l
i Y 2
St e
0 1 1 1 it e eI AR 1 1 1 |
0 2 10

High Voltage(kV)
d‘ ] o 4 1 o Y 1" o a 9 ] 4
gﬂw 43 ANUFURUT seraseau Il vesumased UUALAZVUIAVDUT UH T U NA

A 1 Aa o 03} 1 a A ~ v Y v A A o
fl]'lﬂgﬂ‘l/l 4.3 wyuNna P A A10 - 60 HAALNAT ITUANHUSAD YN UAD LUDNN
1 Q' [ Y . dy L% (% 4 s
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Y @ U v 03’ [ v 4 P
(miNﬁ 4.2 9 ATIHIUTCHINLUUIN IRIND mm’mmaw&'umuquﬂ ﬂﬁ?ﬂ]\iﬁlﬂiﬂﬁi%ﬁlgiu

MINUG A 10 — 150 Taamas Taelddng sy 1-11 Alalrad

Fl

@ U v @ @ 1 4 { @ @
j“’ﬁ]“’ﬁN AT IUTEUINNLUIN ammmm’mwauﬁ'umuquﬂ ﬂfﬂﬁligﬂ ULLIIA 11!11‘1/\]‘%/)\]11-11 kV

(mm) 1kV  2kV  3kV  4kV  5kV  6kV  7kV  8kV  9kV  10kV 11kV

10.00 - - - 1.04 1.03 1.00 0.98 1.01 1.04 - -
20.00 - - - - 1.02 1.03 1.00 1.04 1.04 1.01 1.03
30.00 - - - - - 0.99 1.03 0.99 0.94 0.98 1.01
40.00 - - - - - - 0.90 0.96 0.96 0.99 1.01
50.00 - - - - - - 1.03 1.00 0.98 1.00 1.04
60.00 - - - - - - - 1.00 0.96 1.00 1.01
70.00 - - - - - - - - - - -
80.00 - - - - - - - - - - -
90.00 - - - - - - - - - - -
100.00 - - - - - - - - - - -
110.00 - - - - - - - - - - -
120.00 - - - - - - - - - - -
130.00 - - - - - - - - - - -
140.00 - - - - - - - - - - -
150.00 - - - - - - - - - - -
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A1) = R(f) + JX(f) (4.1)
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Impedance Humidity Sensor Based on ZnO Nanoparticle Thin Films

T, Thiwawonl’2 *, W Kerdsawat’ , D. Chantalrawongl’2 P Keeratithiwakorn' , K. Onlaor* , and B. Tunhoo™?
'Electronics and Control System for Nanodevice Research Laboratory,
College of Nanotechnology, King Mongkut s Institute of Technology Ladkrabang, Chalongkrung Road, Bangkok 10520, Thailand
*Thailand Center of Excellence in Physics, Commission on Higher Education, Ministry of Education, 328 Si Ayutthaya Road, bangkok 10400, Thailand
’Department of Industrial Physics and Medical Instrumentation, Faculty of Science, King Mongkut's University of Technology North Bangkok, Piboonsongkram Road, Bangkok 10800, Thailand

Abstract

Impedance humidity sensor based on zinc oxide (ZnO) nanoparticle thin films was deposited on interdigitated electrodes by electrostatic
spray deposition. The sensitivity and response time of sensor were observed by using LCR precision meter at condition of dc bias 1 V and
frequency of 1 kHz. The response characteristic of humidity sensor decreases by about five orders of magnitude with increase 1n relative
humidity (RH) (from 11% to 93%). In addition, the device exhibits the linearity and high sensitivity between relative humidity and imped-
ance characteristics.

Materials and Methods Results and Discussion

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 pump through a plastic syringe to the tip of a .
stainless steel nozzle (inside diameter, 0.1 mm). When the high | \ -
voltage 1s applied by a DC high voltage power supply between the 10°¢ \
nozzle and the substrate holder, the precursor solution 1s atomized | :
at the tip of the nozzle into an aerosol of very fine droplets. This
acrosol of highly charged droplets 1s directed to the substrate un-
der the electrostatic force. When the droplets attached the sub-
strate, the droplets are losing their charge and spreading, drying |
and decomposition of the precursor solution occur. In this way, a | N _
thin layer 1s formed on the substrate surface. i O -

Impedance(Ohm)
»

Relative Humidty(%RH)

Impedance response of ZnO NPs sensors.

<—— Copper electrode

A schematic view of ZnO NP thin films sensor construction |
i \ '
The humidity-controlled environments 11, 23, 32, 52, 75, 84, 93% | \a
RH, were achieved using saturated aqueous solution of LiCl, _ 10% “‘N ;
CH;COOK, MgCl,, Mg(NO3),, NaCl, KCI and KNO;, respec- § i N desorption
tively. A precision LCR meter (Agilent, E4980A) was used to ® :_ AN l
measure the impedance characteristics during the humidity meas- E \\
urement. 8 h
g 10¢ adsorption :
f . \ E
LCR precision meter &
Microcomputer I ]
2 l l l l l l l l
107720 40 60 80
N — i Relative Humidity(%RH)
A schematic of impedance humidity sensor measurement system Hysteresis characteristics of ZnO NPs sensors

Conclusion

The zinc oxide nanoparticle thin films impedance humidity sensor can be fabricated onto the interdigitated electrodes.The sensor shows a
impedance variation of five order of magnitude in the range 11% and 93% RH. The sensor exhibits the linearity and high sensitivity be-
tween relative humidity and impedance characteristics with hysteresis characteristic within 12.2 % RH between adsorption and desorption
1s associated with surface of zinc oxide nanoparticle thin films .
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Electrostatic Spray Deposited Silver Nanoparticles Thin Films for Humidity Sensor
Applications

T. Thiwaweng'*", K. Onlaor'? , B. Tunhoo'?

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

In this work, thin films of silver nanoparticles for humidity sensor applications were deposited
by electrostatic spray deposition technigue. The influence of the fiozzie 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 28 = 38.2°, 44.3°, 64.4°
and 77.4°. Mareover, the silver nanoparticies 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

Kevwords: 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 [1]: (i) for the full IR region and down to a
wavelength of 400 nm it has the highest 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 radic
frequency magnetron sputtering, reactive electron beam
evaporation technique, thermal evaporation method and
mk-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 atmasphere operation, a good control
of the morphology of the deposited layers. The ESD
technique was used so far to deposit thin films of functional
metal oxide with application in different fields, ie.
rechargeable lithium batteries
[7], solid oxide fuel cells [8], heat exchange reactors [9],
biomedical irnplarits [10] and sensors [11,12].

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

o -

*Corresponding author,
Eemail: kitthutiy@gmail.com

-prepared by ESD.

morpho]bgy, 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 semp
working under ambient atmosphere was used. The liquid
precursor solution was fed by a syringe pump through a
plastic syringe to the tip of a stainless stee] nozzle (inside
diameter, 0.1 mm). When the high voliage 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 aerosol 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 nanoparticle (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 alcohol process and put on aluminum
ground plate. ESD conditions were optimized by varying
distance between nozzle and glass substrate between 20
mm and 60 min, 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 aerosol 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 (HELIOS

© 2012 Thai Physics Society
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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 hymidity-controlied
measurement system. The humidity-controlled
environments 11, 23, 32, 52, 75, 84, 93% RH. were
achieved using saturated aqueous solution of LICl,
CH3COOK, MgCl, Mg(NO;),, NaCl, KCl and KNO;,
respectively. A precision LCR meter (Agilent, E49804)
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. 1. 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 26=38.2° 44.3° 64.4° and 77.4°, which
carrespond 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
micrestrain with in the films, and an increase 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
crystal’ographic flaws built into the films during
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 (exirinsic 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 5 min for varicus nozzle to substrate distances.
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FIGURE 2. Optical absorption spectra of Ag NP films at 2 fixed
deposition time of 5 min for varicus 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 humidity 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 impedance characteristics. 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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FIGURE 3. AFM images of Ag NP films at fixed deposition
time of 5 min for different nozzle to substrate distance (2) 20 mm
(b) 30 mm (c} 40 mm (d) 50 mm (e) 60 mm and {f) 70 mm.

continuous impedance values were records. The sensor
responses under two humidity conditions which
corresponded to 11%-93%-11%RH, respectively, were
tested and the results were shown in Fig, 5. It is found that
the magnitude of the responds in the two state of %RH is
about 10% values. The time constants for absorption and
desorpticn of the Ag NP sensor can be evaluated form the
graph with the values about 4 and 2 second, respectively.
When the %RH is increased, the device impedance
decreases due to the effect of water moisture in the Ag NP
sensing layer, Normally at the higher %RH, the ion of
water moisture can be captured with the silver
nanoparticles network and the mobility of electron in Ag
NP has been increased [16].

4. CONCLUSION

The thin films of silver nanoparticles for humidity
sensor applications have been deposited by electrostatic
spray deposition technigue. The effect of the nozzle to
substrate distance on properties of films was investigated.
The crystal structure of silver nanoparticle thin films were
founded in the orientation of (100), (200), (311) and {222)
plane of cubic structure at diffraction angle 20 = 38.2°,
44.3°,64.4° and 77.4°, respectively. The optical absorption
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FIGURE 4. The relationships between the impedance for Ag NP
sensor and the relative humidity.
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FIGURE 5. The impedance response curve of Ag NP sensor
under humidity cycling of 11%-93%-1[%RH.

peak was observed at around 440 nm which is the surface
plasmon peak of nanoparticles in UV-Vis absorption
spectra. The surface roughness of Ag NP films decrease
when the distance between nozzle and substrate was
increased. Moreover, the silver nanoparticles thin films
humidity sensor was fabricated onto the interdigitated
electrodes. The sensor exhibits the humidity adsorption and
desorption properties with the responsibility in ranges of
11%RH o 93%RH. The time constants for absorption and
desorption of the Ag NP sensor in can be evaluated form
the cycling measurement with the values about 4 and 2
second, respectively.
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