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ABSTRACT

Department of Mechanical System Engineering, KIT

As the demand for large flexible displays such as tablet computers continues to rise, there is an increasing need for

cost-efficient colorless and optically transparent polyimide film that can meet the desired performance, particularly

optical transmittance. In this study, we investigated a detailed procedure for achieving optimal optical transmittance
using two different combinations of monomers: 6FDA+BAPB and 6FDA+BPA+TFDB. We employed a design of

experiment method to systematically synthesize polymers, allowing for the optimization of optical transmittance. In

addition, we were able to achieve uniform thickness in the films by using a doctor blade. By comparing the price and

optical transmittance of four different monomer combinations, we obtained fundamental data on the production of

polyimide films that can be customized to meet the specific price and performance requirements of manufacturers.

This approach enables users to select the most suitable polyimide film based on their desired price and performance

parameters while achieving optimal optical transmittance.

Key Words : Colorless and transparent polyimide film, Cost-efficiency, Design of experiment, Flexible display,
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Table 1. Monomers and solvent for PAA synthesis

Designation Mole.c ular
Type Molecular Formula| Weight
(Maker)
[g/mol]
. 6FDA(TCI) CioHsFsO6 4442378
Anvaride I pacren | CtiOe_ | 0422
APS(TCI) Ci2Hi2N202S 248.30
Diamine | BAPB(TCI) CisHieN202 294.34
___________ TEDB(ICI) __ | CisHioFeN> 32023
Solvent | DMAc(Junsei) | CH;CON(CH;), | 87.122
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Stirrer

Fig. 1. Connection of a 3-neck flask in iced bath on a
magnetic stirrer.
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AR, o)A A 10|94 et HYUsHA LHE &7 Table 2. Test range to set up CCD for 6B
ot f-2] AFeli(chalet or Petri dish)ol] F-o] AAZ 0= 7 Factors -a Low | Center | High +a
A o 9= 98 =¥ o] =(doctor blade) WA 7] ey | 2159 | 220 | 230 | 240 | 2441
(KP-3000VH, Kipae E&T)E o]-8-5f &l Felo gl 2
Ry Table 3. Test range to set up CCD for 6P
232 Ax o 245 Factors - Low | Center | High +a
PAA golo] xR Aelolg e Ade 13 om  “M ool I I S
(OVAIL, Jeio Techyo] 9 ThS 08 tfo] AEEZ 0-0.1) Tonex [°C] 2159 | 220 230 240 | 2441
lY[Pa Ey lH% FASEA _Fl_g' 29 2= %ﬂ_@,(thenn Table 4. Randomized test conditions
history)& 283l 1% 9 A3 AIFTHI0). AA| 2o
A & ST A | Omin 459k #5245 g PAALRun | ] | Toel°C) | PAA | Run | b | ToelC]
Aol AFBH= 2T 5 (Tr) 2 DOE 523 A] <@0l>2 1 (150 | 2300 1 160 | 2200
ARt W2 FAo] URE T QHA] AFL7R| 2 (150 | 2441 2 (180 | 2300
= Y(fumace cooling)A]7] TFS- (80~90) °CL] ZF<= Lrof th 31150 | 2300 3 160 | 2400
7t A2 Fh]ofolA dojy ARAIA & CPl 2L 4 150 | 2300 4 1200 | 2200
Ad3it 5 130 | 2400 5 180 | 2300
6 |122| 2300 6 (208 | 2300
300 6B | 7 (130 2200 | 6P | 7 [180 | 2300
250 |- Ty Solidification 8 | 150 230.0 8 [18.0 230.0
o 9 170 | 2200 9 152 | 2300
St E— Imidization 10 [150 | 2159 10 {200 | 2400
R DMAe Removal 11150 | 2300 11 180 | 2159
B 140 Dehydration
5 ol . 12170 | 2400 12 [180 | 2441
§ Furnace Cooling 13 [178 | 2300 13 | 180 | 2300
50 PAA Stabilization
RT [ e 25 ¥EasE &%
% ) p p 5 o AIEECPLRER)A Fig 33} 7] (50 mm) x (50 mm) ©]
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Fig. 2. Thermal history for drying and curing PAA solutions
and making solid CPI films.
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Fig. 3. CPI film specimens for Tr measurements: (a) specimen
size, (b) locations of thickness measurements.

Journal of KSDT Vol. 22, No. 1, 2023



36 S

- 4

Ho

3 234

7HA FAE= HAE wpo] A2 E(MDC25E, Mitutoyo)&

o183 2 RS B 79 Y BB FAR Y
stk
3. 20 Y EE

1 =7 Hlu

oA 2306A% 6Tol| tisl A o ARkt 2
2E10] & F FA7F 50 pmUfelel & £Ho| Y23t
6B 9 6P 9tof s HE Eeol=5 o]&sf Alxt 2
9 A E FAE S 42 oy 2REAE
Table 5] ﬂa“’}oﬂ‘:} A o Re At FAE o
< 4§l Eut ofet #EHAF B 10%7t HE
A= /;_]—:.’;7]— AA|ut g Ego]== o] &3t FE uf
HE A8 B¢ dohs 79 YT 25 de
s & Ak

Table 5. Comparison of 4 films prepared by 2 methods

Monomers Thickness[um)]
Method Remarks
(#[h]/ T °C]) Mean SD
6A(10.0/230) 53.5 5.99
Chalet [10]
_____________ 6T(100230) _ | 509 | 714 | T .
Doctor 6B(17.8/230) 50.0 1.49 Run 13
Blade 6P(16.0/240) 51.0 0.71 Run3
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Table 6. Mean thickness and optical transmittance

PAA| Run | #[um] | Ti[%)] | PAA | Run | ¢[um] | Tr{%]
1| 493 85.5 1 494 90.9
2| 497 89.7 2 | 503 88.6
3 | 498 83.7 3 | 510 90.3
4 | 508 859 4 | 499 91.1
5| 496 87.8 5 | 501 89.9
6 | 501 84.8 6 | 504 89.6

6B 7| 497 88.6 6P | 7 | 503 90.6
8 | 497 86.9 8 | 500 89.9
9 | 499 88.0 9 | 503 894
10 | 509 872 10 | 49.6 89.2
11 | 498 853 11 | 49.8 91.0
12 | 503 88.7 12 | 501 894
13 | 500 85.7 13 | 50.1 91.5
Term 2.365
BB
B
AB
A b 7o
A 1

I [ I I
0.0 1.0 2.0 3.0 4.0
Standardized Effect

Fig. 4. Pareto chart of the standardized effects on Tr (signifi-
0.05).
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Fig. 5. Surface plot of optical transmittance wrt stirring time
and maximum temperature for 6B.
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Fig. 6. Pareto chart of the standardized effects on Tr (signifi-
cance level = 0.05).
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Fig. 7. Surface plot of optical transmittance wrt stirring time
and maximum temperature for 6P.
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Table 7. Optimal Tr values predicted by response surface

method

Type| #[h] Tox[°C] | Tr[%] | PriceRatio | Remarks
6A | 717 221 839 048 [10]
Lo L 25 | 83 ] 100 | .
6B | 178 244 91.2 041 This

6P | 193 220 91.0 0.70 Study
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