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Abstract: The effect of glass bead and glass fiber on the enhancement of dimensional stability in poly(ethylene naph-
thalate) (PEN) flexible substrate for photovoltaic devices has been studied. It was found that the coefficient of thermal
expansion (CTE) and the optical transmittance decreased with increasing inorganic filler content. In addition to filler con-
tents, the size and size distribution of fillers are the other important factors to improve CTE and optical transmittance of
PEN film. Our results showed that the optimum filler content was found to be about 5 wt% to enhance the dimensional
stability of PEN by more than 50% with maintaining the optical transmittance over 85% for the flexible substrate.
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Figure 1. Particle size distributions of glass beads.
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Figure 2. TMA thermograms of PEN with glass bead (90 um).
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Figure 3. Effect of glass bead size and amount on the coeftficient of
thermal expansion of PEN.
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Figure 4. TMA thermograms of PEN with glass fiber: (a) fiber
length is 4.0 mm; (b) fiber length is 6.0 mm.
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Figure 5. Effect of glass fiber length on the coefficient of thermal
expansion of PEN.
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Figure 6. Coefficient of thermal expansion of PEN with various
inorganic fillers: A) PEN only; B) glass bead (90 um); C) glass fiber
(fiber length=6.0 mm); D) glass bead (20-90 um); E) glass bead
(20-90 um)/glass fiber (length=6.0 mm) mixture.

2 fr2) vi=e} f2) ARE EF Aksl] Fejstdow o
B gulgle] o] {-5]— T4 W3t CTE mR= 4

A Hol 1 A3E Figure 60 LFERAATE o]

7] Feje] e Ao CTE 24E RolE 5 wi%z 14

Sk, TReIA 1 sk o] e G Al

g] Hj=e] 37 BE¥r) HolA4E a8 2] 49 47
M= Bgslo] ALgake 797} url B CTES 71 4
At} o] Figure 7914 B Hle} 7ho) 247}51 7] Fele)

e 2 Fxt O 49 d o] o & AAEE n
3T}, 2, Figure 7(a)2] H]=RkS ARESRE 739 PEN 2419
gu7go] PEN mjERAE &4 02 SHilke|= WHH, Figure
byt 2o] f2] Hi=etk I f2] ARE 247}HL 7% PEN
A o] Fel el ArH o 71 Ao] el olsjel

Zay, A3648 A63, 20123

APARE=S

Figure 7. Optical micrographs of a PEN with glass bead (20-
90 um) only; (b) PEN with glass bead (20-90 um) and glass fiber
(6 mm).
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Figure 9. Loss of optical transmittance of PEN with various inor-
ganic fillers: A) PEN only; B) glass bead (90 pm); C) glass fiber
(fiber length=6.0 mm); D) glass bead (20-90 um); E) glass bead
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