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A study on the Relation between Strain & Conductivity of the
Printed Pattern in Post-Printing Section of Roll to Roll process

3 M 3, o &2 A7
(Jae-Ho Choi, Chang-Woo Lee, and Kee-Hyun Shin)

Abstract: A curing process in post-printing section of R2R process is required for an electrical property of the printed pattern when
devices such as RFID, Solar cell are printed. PEN as well as heat-stabilized PET which is used as a plastic substrate would be
deformed at high temperature due to change of its elastic modulus. And crack in the printed pattern, which is on the plastic substrate
is occurred due to the deformation of the substrate. The occurrence of crack causes electrical resistance to increase and the quality of
the device to deteriorate. In case of RFID antenna, the range of reading distance is shortened as the electrical resistance of the
antenna is increased. Therefore, the deformation of the plastic substrate, which causes the occurrence of crack, should be minimized
by setting up low operating tension in R2R process. In low tension, slippage between a moving substrate and a roller would be
generated when the operating speed is increased. And scratch would be occurred when slippage is generated due to an air entrainment,
which is related to the thickness of the air film. The thickness of the air film is increased when operating speed is increased as shown
by simulation based on mathematical model. The occurrence of scratch in conductive pattern printed by roll to roll process is a
critical damage because it causes degradation or failure of electrical property of it.
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PEN, PET Stress-Strain Curve at 150 Qegjc.
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Fig. 3. Stress-strain curve of heat-stabilized PET & PEN at 150°C.
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Fig. 4. Stress-strain curve of heat-stabilized PET at different
temperature.
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Table 1. Electrical resistance of printed pattern according to stain.

Strain (%) Sheet Resistance(C¥/sq)

0 022 021 02
1 0.26 0.25 023
2 0.29 0.31 027
3 036 0.34 033
4 042 042 037
5 047 0.5 045
6 0.52 0.52 0.51
7 0.58 0.57 0.59
8 0.62 0.64 0.59
9 0.67 0.71 0.68
10 0.76 0.75 0.74
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Fig. 5. Electrical conductivity of printed pattern according to strain,

ghate] 19 5ol YRS o] w), aHd HEle) HFE T
= 2 umo] v}
a¥ 5% 273 PETSl Q130 silver HE1S HEA7)

T 7)o AAE W gilver TR HY] AxE W3l
=

X

AT Az Fehad Z1we] AFE 10%704 9
see] 7] d=mrt $438 #44gs 4 F vk

£ 2w % 59 EokaE Tl AEE 10%71A 1R
Wele] d7) dEgs ReErh VRl Agge] TK
of m} A ARe) A7) Arwrt asts A FXHL

2 30E 5 9

I8 62 WEo] flx AHE siver s¥le] FHE FAL
Zr&H] Z(scanning electron microscope) S & 1,0009] gk
°lal, I¥ 72 60 %AIFANZ F silver B HHL 1,00
gt sleltt.

% 69 silver S obFEH 3do] Holx) ko) 1
79 T Ao A Fe] HASIAAL, 15 imole] AHE
T AR oeiet A wAoR Qs @y] Age] F
7H™, A7) Ao A4l Wv] xRt ks @
Troltt wekd ERE FAY A T FielA ddd
He] HYS Faslstel giede] o] wagshe R A
st 7] AEEE AR fA8E Ae) AE AFY s
3 AZATa @ 5 Ak

PO

(=
pro)
=

£ 0

T 2 AEES A ARk

Table 2. Strain and electrical conductivity.

Strain (%) Flectrical Conductivity (S/cm)
0 2272727 23809.52 25000.00
1 19230.77 20000.00 21739.13
2 17241.38 16129.03 18518.52
3 13888.89 14705.88 15151.52
4 11904.76 11904.76 13513.51
5 10638.30 10000.00 11111.11
6 9615.38 9615.38 9803.92
7 8620.69 8771.93 8474.58
8 8064.52 7812.50 8474.58
9 7462.69 7042.25 7352.94
10 6578.95 6666.67 6756.76
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Fig. 6. Surface of printed silver pattern.
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Fig. 7. Surface of printed silver pattern at 60% strain.
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Table 3. Condition for numerical analysis of thickness of air film.
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