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Abstract: Polyimides (PIs) are utilized as dielectric substrates in the flexible printed circuit (FPC),
tape-automated bonding (TAB), and chip-on-film (COF). Some low-CTE polyimides are commercialized
as a substrate in the adhesive-free flexible copper clad laminates (FCCL). However, current commercial
PI films have a drawback, namely, relatively high extents of water absorption. In this work, we show
novel poly(ester imide)s (PEsI) suitable for FCCL, which possesses a low linear coefficient of thermal
expansion (CTE), high toughness, and low water absorption, simultaneously. PEsI derived from THAQ
and APAB (see Fig. 1 for their structures) achieved both a considerably low CTE (3.3 ppm/K) and much
lower water absorption (0.70 %) than one of the most familiar commercial PI, Kapton H (2.5 %) although
the PEs] film was not so tough (elongation at break = 11 %) probably owing to its stiff/linear chain
structure. Copolymerization with 4,4’-oxydianiline (ODA, 30 mol %) gave a balanced properties, i.., a
low CTE (15 ppm/K) close to the value of copper foil (17 ppm/K), low water absorption (0.70 %), and
significantly improved film toughness (elongation at break = 36.0 %). A good correlation was observed
between the imide content in the structures and water absorption. The effects of substituents and imide
content on the film properties are also discussed in this paper. We finally obtained novel PEsl systems
possessing an extremely low water absorption (0.16 %) and a considerably low coefficient of humidity
expansion (CHE) (1.3 ppmv/RH%) in addition to low CTE, high Tg, and high toughness.
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Table 1 Properties of PEsI films derived from TAHQ and various diamines.

gl Tg CIE | Woks | masifm | sk | | . TSN, | Ty air
dig | (O | @pmK) | %) | W% | (GPa) : © | ©

PDA 519 | ND 32 1.6 54 8.86 0219 | 322 | 481 463

IFR

ODA 1.10 | 320 512 0.6 672 294 | 0101 | 3.16 | 462 434

CHDA | 1.14 | ND 12.7 — 4.1 5.60 0.135 | 3.04 | 471 428

TFMB | 293 | 360 315 0.7 276 5.78 0.135 | 299 | 487 479
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Z5, TAHQ/ODA F#TiE320 CIcTegh\BllE iz, —7F, TAHQ FD20DTRT VIR T—T
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Table 2 Properties of PEsI films derived from APAB and rigid structures of dianhydrides.

] Tg CTE | Wk | Hidbefm | R An ¢ cal TSN, | T air
dg | O) | ppmK) | (%) %) | (GPa) Q) | ©

PMDA | 114 | ND 20 16 6.4 769 |0.172 | 328 | 531 501

PTRY

s-BPDA | 2.30 | ND 34 0.7 6.0 759 |0.183 | 328 | 534 525
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Table 3 Film Properties of TAHQ/APAB and TAHQ/APAB70; ODA30 copolymer systems.

Tg CTE g\}i; Z{; o € tan & Zk B miﬁ

0 (EpmK © o IMHZ10MHz  1MHz/10MHz % (GP2 ©
PEsl ND 3.3 471 452 326 3.23/3.17 0.0249/0.110 0.75 7.07 106
Copolymer 395 148 487 485 320 -~ - 0.70 628 358
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Fig.3 An approach for decreasing water absorption of PEs films.
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