New Negative-type Photosensitive Alkaline-developable Semi-aromatic
Polyimides with Low Dielectric Constants Based on Poly(amic acid) from
Aromatic Diamine Containing Adamantyl Units and Alicyclic
Dianhydrides, A Cross-linker, and A Photoacid Generator
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Uz, 1,2,34-3 007 % 25 b7V iR A 8 K#)(CBDA)(1a), E02.2.2]-7-1.2-2,3;5,6-
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2-1.1,3-E2@4-Z N7 1 JF N T IR A DERKQ)

F 2B T FGANTKFEALF NI 0982 g (40.9 mmol)EAN, FUATERFHK T TL3-7F
H D% =) 3.13 g (18.6 mmol) ZVAME 1 7= DMAC IFHK (30 ml) & T L, 0 °C T30 /[
Bk Uz, ZOWBIRIZ4-7)V 40 Nax 5,61 g (40.9 mmol) EMN A%, ERICR Uz, £
D, ZORE T4 BB L KNEBEREAKICHE 1 BEEE U S onlERY &
7 RAT KOB & LEL G a5 72, IUE 3.38 g (INF 44 %) : mp 145-147°C. Anal. Caled
for (C,uHuN,O4) : C, 64.38; H, 5.40; N, 6.83; 0, 23.39. Found: C, 64.30; H, 548; N, 6.85; O,
23.30.
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300 ml DF ZE T 52U 1 3-EAE4-= NI7 1 /FNTHR 2668 g (16.3 mmol), ERFY
>—7KF1%) 45ml, DMAc/ T4 /) (2/1)150 ml, 10 % Pd-C 0.180 g ZA 31, 16 KfEEH %
fTolk. Z0O%, B 2B %7\, KRB AR EREKICH U 1 REER L%, £)PE5
B BMELIRZT o, Bon-HERYE 1 4-0F F5 0SBk R UZ(Scheme 1), [N&
3.61 g (L 76 %) : mp 184-186°C. Anal. Calcd for (CH,eN>0,) : C, 75.40; H, 7.48; N, 7.99; O,
9.13. Found: €, 74.67; H, 7.55; N, 7.93; 0, 9.97.

3. RU7INEDARK

20ml 7IANTERFHIAT 1.3-EA4-T /T2 /F )T HYF2 0403 g (1.15 mmol)s
NMP (2.72 mh)ZAN, V7 AR SH 721, NDA 0.288 g (1.15 mmol) Zf 2., IR T 7 Kefd.
65°C T 23 BffHE#R Uiz (Scheme 2), EHIREEREK / /- (1 / )YOREEE 100
ml IZH U, 1 R EE ., R U — 225, SRR Uz, BERRIL IR AR BV TfT -7,

4, ¥FEBERIMINDEHL

T IRTAN LR Y INEEREA TR LT A F v AN 2O TV LEZERLZR T,
70°C T2 KEfE], 160°C T 1 B[, 250°C T 0.5 B, 300°C T 1 BBULE§ 524 KOFERL L
Jzo BEEHEZRIT IR ARV VL Tf 7o 7%,
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BUY SN (de) HEBH 4.4- AF L ER[2,6- EA( RO+ AFIV)] 7 x./— JW(MBHP), KB
SAER -0 VI 32N FAF A ISH-FF T 12-A VT 2 AFIN T 7 ko
NIV(PTMA)M SRR Z#38%E L(Scheme 3), OISR 21T o720
R EER)

TR FNEEETHERBR DT % 1,3-T Y5 0F— )V 56 R Liz(Scheme

1),
N02 &2
§ + NaH Hydrazine monohydrate
on* FAN0: D Pd-C (10%)
o{)-No; O~ )-NH;
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Scheme 1
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Table 1. Synthesis of Poly(amic acid)?
Dianhydride Solvent Polymer Yield (%) Inherent Viscosity
(dL/g)
la NMP 4a >99 0.62
1b NMP 4b >099 024
Ic NMP 4c¢ >99 0.33

? Polymerization was carried out with 1.0 mmol of each monomer in solvent at room temperature
for 7 h then 80 °C for 23 h under nitrogen. ® Measured at a concentration of 0.5 g / dL in NMP at
30 °C.

Table 1 25, 5NN UY INE OB A KL 0.24-0.62 dL/g TH RN E S TRETHDZ
Moz, -, BENR U7 IRED TGA HIERH 2 Table 2 2R Uiz,

Table 2. Thermal Properties of Polyimides

Polyimide T ("C)* Tys (CC)°
5a 320 390
5b 380 410
5¢ 340 380

*Starting temperature of decomposition, ® Temperature at 5% weight loss.

ZORERMS, R IRD D RBEIAIR BE T 320-380°C. 5% E & /MR T 380-410°C THH7z,
KIZ, R IRTAN LOBIFEREZRE L. ZOENSHFBREE L Uz, &R % Table 3 ITRL
7

Table 3. Refractive Indices and Birefringence of Polyimides Films

Polyimide d( m)® nig nm’ Nay’ An® g
5a 7.1 1.5824 1.5716 1.5788 0.0108 2.74
5b 26 1.5759 1.5625 1.5714 0.0134 272
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5¢ 39 1.5731 1.5703 1.5722 0.0028 2.72
® Film thickness. ® In-plane refractive indices. © Out-of plane refractive indices. ¢ Average refractive

index; nay = (2nre + nqpy) / 3. © Birefringence; An = npg — nrm f Optically estimated dielectric
constant; £ = 1.10 nAV-z.

RHIRTOVLOFBRIL, BIFRNSEH L, 2.72-2.74 OHEREEF B 2R U,

RU7 N (40) EZEIBAI 4,4- AF L 2 ER[2,6- EA(EROF AF)L) 7 x./— IV (MBHP), 3
BERAR 5-T 0N 2V T4 NV FF LA -SH-FA T2 2-AUF 22« AF N T2 7
R~ MIWPTMA ) SEEIE 9858 U(Scheme 3), BE M AT o/, TORE. REL
IV RSARE, ehEn 210mliem®, 12 ERIF CTHoTz, Tz BERHERIINI—Z 0%
TN BR08 15 D ARE OB Y— %48 7=, (Figure 1),

PTMA
Scheme 3

Figure 1. SEM image of
(&35 negative-tone photosensitive
BERABHTHEY ST s R ol nolvimide (Film thiclmesed 7
AT EEMR UL BRAT NIV R B SRk LR ATV EHFERR ISR L
7z, B SNZR I IRT, SHRERBARE TR 400C SEWHEWEEA L. 7=, BiIrgh o8
i U B #R132.72-2.74 HEFBIE AR Uz, 35T, RUY INE HREH, SEBFRERD 3 &
53 RINSIRBHHRBS MR U INRIBLF AR EE &2 MR MR Uz,
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