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Abstract: In this paper, we have studied about the optimum fabrication condition of the printed Indium Tin Oxide (ITO) layers for
the electrical resistance-type sensor application. We have investigated on the substrates surface treatments, mixing ratio of organic

binder/ITO powder, and viscosity of the printing paste to determine the optimum condition of the screen printed ITO layer. Also,
we found that the printing condition is closely related with the sensor performance. To know the feasibility of printed ITO layer as
an electrical resistance-type sensor, we have fabricated the ITO sensors with a printed and sputtered ITO layers. The printed ITO
films revealed 107 times higher sensitivity than the sputtered ITO layer. Also, the sputtered ITO layer exhibited an operating
temperature of 127°C at the operating voltage of 5 V. While, in case of the printed ITO layer showed the operating temperature of
27.6C in high operating voltage of 30 V. We found that the printed ITO layer is suitable for the various sensor applications.
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Zn0, Sn0O;, In,03, TiO, So] Yon, X7 A&y
(electrical resistor) MA=Z F4sIFS HE AA,
ZIAl, & Az & o S4FY dEol Jtestt
[1-7]. o]2ist &4 AtstE FOAM %X ITO (indium tin
oxide)x= Hold A=Ay g2 #i= 78S 71X]1L Q)

L

1, sstdoz Ol epgMel FEE AYL Ao
(81 ®3t, AP % M@l Holdt laf FAL 7
2 olg% %9 = e g8ol J|gHAL, Al
soa 3w oh2A 9a 7o B850t B o
ogstol Zizte] slwol B AAM APt BER
Agapolct.

ofebd, B ApoldE A3 Y UL o8
3 ITO Q) wop Ak FAol ozt AAR A1
A3 stol, WA Al Hxate Q) HS BUs
%tk ol2 glstel Jlw meel A W, A8 7}
e A4 ME] A, AMg slelde] Fmet ok
ARz JUWA 52 ATSACL. T ANBY £
ol AIMe] FA Aol ujxE JFL EASLY
T3 ITO At MM $& B5HE Lopu]
9lsto] AEIME ARG ITO Woke o] 83 MMt
e HlE AESGC.

2 AP A3 QAN olgstel worg
Asstch 233 JIIEe chret 380l Ths
QIMAA} 7oz =m&HAO] F. Garnier 1E20Aa=

239 QMHor FAHY AAY [VIEHRAHE
AR-H 693 [9], U]= Stanford T|ste] Z. Bao
AgoME A3 QlafHor JI|HUNERAAHE
AA-B sttt [10]. A3 QA2 AHu|7t tes)
o A R ARl i, FAE R Adgetol QlofA
= RS Ado. getA f/27] Aas E8st Q
MARESE 2AF A o] Fe thfst 380l 7]
7t == SeAAr Z]solct [11].

QIafuteto] AFGE ITO WolAEL 488t © B
(90% IH203, 10% SI’lOz)l’} %7] H]‘?_]_E] (ethyl
cellulose + oa-terpineol)s &35t AAtstich =
Aol rA, ITO #Y2 TEMZ o]&sto] A5 4
b, JARY] Pt Aol 38.5 nm, mEUAE 5.8
nm o|n BAFS 352 nm¢l AL AL [12].
Zlog oF 25 mm X 25 mm, 1 mm S99 A
F71H= olgstt. 71 nHZ AA 2, QA& ot

il

£32 olgstel IT0 Afurate Aatsteict. <)
ol ITO QIafer o] §7] BleIEE A (Clufel
o: debinding)s}?] 2Jsto] 200°C A wo] ¥ @A e
Z=0A 3023t A E S

233 Qi JWe HEs 2 Yoie s AEE
7ol mHoURl= FAEZ FH7IE ol&stol A
ST ITO Ho]AEQ] Ae= FEAE o]&sto] =
gotgom, ety A Az FAES Frhs
Ped0] 4 e ol &5t
14 aAt2 Ao E4EIEE ITO Qlafetatal AmE
2 Aub=] TO 8hak (Sn B%: ~10%, ITO ek =7:
~200 nm)S AE&35to] Blw EASIYCH 22]9] UA
of A7 wyw ZAuE vigos, £ wure ol gsiol
ANAFY WS T LN HE-AY 57
o] 7}=3st [-V source meterS o|&35t9tt [12]. Al
N 52 E4 &7 A 5V xZulolojA= ol7tsto]

fo

0.
ol

S

p

A Mgt e Warskloh. £33t A A] AlAQ]
U E/do] st Hrh= FLIR 3 7tofjatks ol &
sho] Z18start
3. 4% ¢ 2

Jd 12 A9 719 5H o] dFS RAlSH ]
Yol LRHAQl R7INA WHES AFESH F R0t ojAm
23 AZ (isopropyl alcohol)& o] &3t NAQ] &
o] Iaf ufelo]l Figut BEHo|HA|C] WSS v|wst
ZAitolct. olazmad IdZ2 234 2H& golst
e AEE & A9 799 f94s AlAshs
AETE ot Zoz A Ut [13,14]

Surface E=56.5 mJ/m?

Isopropyl alcohol

eI
*

Fig. 1. Optical microscope images of printed ITO layers.

Surface E= 35.8 mJ/m?



AN AAA &
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ol e AGr|EE oAl
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AAZo A AR o}?‘;
ASH Ho|AES o]
systo] w]wsteict.
H7IAA gez Aﬂﬂé} 20
A ZojAly} e o]
6.5 mJ/m’9] ﬂimoﬂi A
i o] A& F
A ﬂﬂﬂw e s
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Fig. 2. (a) Printed ITO pattern image, (b) various failure

distance of printed ITO pattern dependence on mask pattern

width.

Fig. 3. The variation of screen printed pattern shape depending
on the paste viscosity. (a) 180 dPa-s, (b) 260 dPa-s, (c) 290
dPa-s, and (d) 365 dPa-s.
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o] A2 HH oflA] Y3t diyol A2 FJUEE
AR AS D 4+

dubdoz A3 QM7|&oA= HA=Z 50 ym A
Lol Q) FYUwrE fAALo] Qlon, o]Ert OjA mj
o] dost 74 Qo= d2hdo] FAl (Gravure-offset)
qiAl So] ol gHct [16]. watA B AL Qi 7|&
2 dutd A3 Q2 7]e9 FaAME ZAutel GAL
st Q1 oz mash 4 Q. Eoh FgUsh Qlaj
S o] YAl Ho]AEQ] S3H|E WSHALA
mo]AEQ] Hr & xAg}; st o] 38T & 4
.

a9 32 oA o535t vle} #o] mo]AEQS] A
de 2l o] A Fgel st HolF A4l
ojcy, B Ut MHS AFESIY L ITO 28t &
7] wiQlgle]l S3tH|Z w7ty Ho|AECQ] HAFS

180~365 dPasg Da] sl m marst Agfolch of
A1, 260 dPas?] A= o deg?} 20 um KE,]E.E %]

a
A%EE 2L L 4

oF 4 9otk 5, AEg HAelt
oo} ) Ao ANHE 2t JgEe & 4
9191ck.

Q3 FUEL o)A WY P R ope
J=8 AAY FY WHS FAS AL 2 Ak
Ftebe BAOIME HoE & otk wetd ofra o)
Aol MBo| | ol aks] TAHLAIS FAL

& (transfer rate: %)= Aostu kst LI7|A=

wo] ojsiAl Hol A0l ME wate] thE FALEl
Mol YEg RARIGC WA HAEE o] A (1)
2} golsteicy.

¢

=l

D
Dp””t x100(%) (1)

mask

Tr= Transferrate (%) =

4714, Dy QAT WO Z1A (M),
~37) opaT0] W ZHAKE)o

O 4= ITO (¥==38.5 nm), Ale3 (Y&=445
nm), ZnO (Y ==40.5 nm), SiOy (YE=45.5 nm)ﬂ
et g&54tetE HolAES AxE HSAHE [
o] AArtgg vt J2jzo|tt. HolAE EE% 150
oA} 400 dPas7tR] WHetE AlZCow™, 24719 HAbs
= 575ttt Ho]AES] Aol /o Tt M=
g droA At AAbgE &g & e,
ITO= 260 dPas, Al,Osx= 280 dPas, ZnO+= 280
dPas, SiOx2 285 dPasolA 7HE =2 HAEES &
Qlsteict.

Transfer Rate % ( Dprim/Dpzmem )

Viscosity (dPa.S)

Fig. 4. The variation of transfer rate along with the paste

viscosity.
10* . T . .
@RT, V,, =5V
;\3 10° F In salt (3%) Water 4
x:
2 10r e 1
2
E= D (110 N .
E
I —— 365 dPa's
10 - -260 dPa's ]
— — 180dPas
10-1 1 ! I L
0 200 220 240 260 280

Time (sec)

Fig. 5. Liquid sensing properties of printed ITO sensor.
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Fig. 6. Comparement of sensing properties of sputtered and
printed ITO layers.
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