Journal of the Korean Ceramic Society
Vol. 46, No. 1, pp. 86~93, 2009.

A Study on the Resistance and Crack Propagation of ITO/PET Sheet with 20 nm Thick ITO Film
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ABSTRACT

The crack formation and the resistance of 1TO film on PET substrate with a thickness of 20 nm were investigated as a function of
strain. The onset strain for the increase of resistance increased with increasing strain rate, suggesti ng the crack initiation is dependent
on the strain rate. Electrical resistance increased at the strain of 1.6% at the strain rates below 10 /sec while it increased at ~2% at
the strain rates above 10™*/sec. The critical strain at which the cracks were formed is close to the proportional limit. Upon loading,
the mitial cracks perpendicular to the tensile axis were observed and propagated the whole sample width with increasing strain. The
spacing between horizontal cracks is thought to be determined by the fracture strength and the interfacial strength between ITO and
PET. The crack density increased with increasing strain. However, the effect of the strain rate on the crack density was less pronounced
in ITO/PET with 20 nm ITO thickness than ITO/PET with 125 nm ITO thickness, the strength of ITO film is thought to increase as
the thickness of ITO film decreases. The absence of cracks on ITO film at a strain as close as 1.5% can be attributed to the compressive
residual stress of ITO film which was developed during cooling after the coating process. The higher critical strain for the onset of
the resistance increase and the crack initiation of ITO/PET with a thinner ITO film (20 nm) can be linked with the higher strength of
the thinner ITO film.
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Fig. 1. Schematic configuration of (a) tensile specimen and (b)
grips.

¥ ITOMPET Sheete] A3 2 83 B4 O+ 87

Afstdct B o ARE-gH ITOPETE &2 125 me
PETZ E9| ITOZ°] 20 72 (A*]8300 ohms/sq.) 3L
g59th ITOPET EE9 ITOEY Aty Fo #EA
=2 morstr] et 107/sec, 10 /sec, 10™Ysec, 107/
sec?] £ER APAEE o & Azt E +¥€ A
2 As 3L BEeanh A

80mm 7|2 Hd g & A|g =5
Hel & F ol 20mm¥ UFHE TYE Holnh

A probeE HEFAIA A Al
3 S 48§ A ST 1A EE United Testing
MachineS AHE-3t9132 #38 Z74-2 SANWA Digital
multimeter PC-5005 AM&3lict. AlE 5 Aol 2y
49 38807 (Olympus PME3)S Al-&38lo] #2319
YR AHe AN E Fof in situ HRES AHE-EH
AT} A AAIATE

3.Zn o nE

Fig. 2= 20nme] $7A5 2+ 1TOZ (U413 300 ohms/sq.)
o] FEH [TOPETHES] stress-strain curve®|T HEE
o7t wE) ASE e SUkeke A #EE #
ARem ozt HS ITOPETS €4 &3t Ay
HYE &5 oA o3¢k Aolth & stress-strain curve
oA MEEo] 4.5% ol S/t PET 252 Wa%
slo] o3ty Amrt AAH R Frlete As &

2

lo

F 9
th. o]& ITOR¥ =9 F7)(20 nm)7} PET7) &) Hls] =
T2 ke A AENEsE vl FAsA FHAAsA &

| ET

70 -
60

50

40

Stress (MPa)

3000hms/sq.
—0—10%sec
10 fseC

10%sec
57— 10°fsec

30+

20 -

104 £

0t T T T T Y T T r T g T y
0 1 2 3 4 5 6 7

Strain (%)

Fig. 2. Stress-strain curve of 300 ohms/sq film. The strength of
ITO/PET sheet increases with increasing strain rate.
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Fig. 3. AR/Ro vs. strain curves at different strain rates (a) and the same at low strain (b). The increase of AR/Ro is associated with
crack formation in ITO films. The crack onset strain is 1.5~2.0%. Which is dependent on the strain rate.
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Fig. 4. Crack density versus strain for ITO/PET with 300 ohms/
$q. resistance at various strain rates. The crack density is
weakly dependent on the strain rate, which decreases
with increasing strain rate in region II.
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Fig. 5. The progressive development of cracks as a function of total strain at the strain rate of 10™%/sec (a, b, c: x100; d, e, f: X200): (a)

1%, (b) 1.5%, (c) 2%, (d) 3%, (e) 5%, and (f) 7%.
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Fig. 6, The progressive development of cracks as a function of total strain at the str

1%, (b) 1.5%, (c) 2%, (d) 3%, (e) 5%, and () 7%.

Fig. 7. Cracks of ITO film
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Fig. 9. Cracks of ITO film with sheet resistance 300 ohms/sq. at different strain rate. (7% strain).
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