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Preparation and properties of semi-alicyclic polyimide films with low
dielectric constant and low dielectric loss at high frequency
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Abstract: Aimed at the application requirements of polyimide (PI) film materials in the field of high frequency, polyimides
containing semi-alicyclic structure were synthesized by the semi-alicyclic diamine 5(6)-amino-1-(4-aminophenyl)-1, 3, 3-
trimethylindan (DAPI) with different aromatic dianhydrides. And their corresponding films were prepared, the correlation
between their structure and properties was explored. The results show that polyimides containing semi-alicyclic structure
have good solubility and processability, they are soluble in conventional organic solvents such as NMP, DMF, CHC1,, etc.
The corresponding films had good mechanical and thermal properties, their tensile strength ranges from 64.8 MPa to 82.6
MPa, and their glass transition temperature can exceed 487°C. The dielectric constant (D,) of the PI films is 2.63-4.62 at 1
kHz-1 MHz and 2.46-2.75 at 10 GHz, respectively. The dissipation factor (D,) is 0.003 1-0.020 5 at 1 kHz—-1 MHz and
0.006 6-0.017 4 at 10 GHz, respectively. In particular, the D, and D; of the B-PI(BPADA-DAPI) film at 10 GHz is 2.75 and
0.006 6, respectively. It is indicated that the polyimide films with low dielectric constant and low dielectric loss at high
frequency can be obtained by the introduction of semi-alicyclic moieties and bisphenol A groups into the main chains.
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1,4,5,8-ZZ MU R R — T (NTCDA) . 4,4"- (75 . 57
7 3E) - FEF (6FDA) « WUy A & — ik — FiF (BPA-
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PI.P-PI. 6F-PI.B-PI, & i % & 4l &l 1 fr7x . B-PI.
6F-PL.P-PI )& Jl 20 B8 WL SCHiR [21-22]. A B 5,
K W 5 #0GT J4k 7% 4 B P A& BRON-PT N - 76
N, SR, EBCA HUA I HFE 1 = 29058 i = i\ DA-
PI(1.3319 g,5 mmoD), 7 I A NMP (25 mL) , £§ 5¢
SVEfRJE NN NTCDA(1.340 9 g, 5 mmol) , 7 N, X,
SRR VKK B RE 12 h G, 1) B9 N 10
mL H 2R AE R L3RV ), 28 5 H TR A I N AR 2 [
ML 162°CH, (ERIFARAS P2/ 18 he HIR
[a] i i), 3 FH Dean-Stark 43 7K 8% Bk 257K o f7 I NI
WA H R ZEE KB 500 mL AT 73508 50%
MRV . RS B OTE , B BEBE SR 3 K.
BRERENE T RS, 1200 FHESF
T4 12 h, 19 3K A L 4R 7= ) N-PLO™ %N
95%) . WG A % (600 MHz, CDCI1,) :§ 1.09~1.29
(m,3H),1.37~1.49(m, 3H), 1.70~1.92(m, 3H) ,
2.29~2.40(m,H),2.58(s,H),7.10~7.30(m,4H) ,
7.33~7.51(m, 3H) , 8.83 (s, 4H) . £ 4 il . v=
3030~2 867 cm™ (C-Hx 1 4i ¥z 2l ), 1 770 em™ (it
T H ) C=0, W FRAR AR RS 5 1 718 em' (V. i
) C=0, AR FRMFZEHRS) , 1371 em™ (BEV ik C-
NMGEHR 3D . J6E 5 H : C,H,N,0,, Bk {H : C,
77.09%;: H, 4.46%: N, 5.63%. SLIMAE :C,75.19%;
H,4.67%;:N,5.67%. di ] DMF 3t [l i i ik 5t i 75
% O3 A (GPO) PR N-PI 4> T & « M, (B3 5 1
B)=31499 g/mol, M, (& 4> £ )=100 633 g/mol,
PDI(Z 7r Hife %0=3.19.
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(72 35 51N 96%+95% 94%) » 1 Fil DMF ¥ it
I L B R 95 3 1AL (GPC) IR 73 31 B-P1 I 2 T
=N : M,=185908 g/mol, M ,=270 783 g/mol, PDI=
1.46; 6F-PI [f] 4> T & N : M,=231 454 g/mol, M, =
279 317 g/mol, PDI=1.21, P-PI1 [{] 4> T & N : M=
158 451 g/mol, M =275 223 g/mol,PDI=1.74.
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FE R B ottt 2R FH 22 v R B 4 v (B DA A TR
A ] 22 v 2460 L4 B B ) BB A (BET) Ml .
PI {8 I 1) % 3 38 3 3% F03 , R R 4 1 5T A AR 4 A
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Tab.1  Solubility of Pls in organic solvents

peasill N-PI  6F-PI B-PI  P-PI
PIER - + - -
VYW IR (THEFD) - i + +
ZHIZET I (DMS0) - + - +
N, N-2" R ng Lz il (NMP) + + + +
N,N-Z P (DMF) + + + +
FH - - - -
7 - - - -
=AM B + + + +

23 RESLHEWN

9T VEAL 4 Fh PL AR 5 AFAE FL AR <2 nm 114
FU oK PLRY R HE4T 1 4> 1 304 B % Bt A, , 00 45 1)
BU 2 T AR 02 2 P, WS R R0 5 B ot 2 S 4 P s o
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PI.P-PI 5 & T TII2K W S5 R 46, #th 26~ 111, HLJG B
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Tab.2 Aggregate structure parameters and surface areas of Pls

PI ZIaEEA) R (mYg) (SREERENARA
N-PI 5.92 25 0.165
6F-PI 5.69 220 0.194
B-PI 5.67 16 0.164
P-PI 5.70 86 0.195
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Fig.4 N, adsorption and desorption isotherms of PI powders
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Fig.6  Stress-strain curves of PI films
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Tab.3 Mechanical and thermal properties of the PI films ii et
. VAES LR F N T 1.41
o /MPa  E/GPa /%  TJC T,/C T,/C 'S i:g:
N-PI  64.8+1.6 293+0.07 7.1=0.9 >487 506 514 ~ 0.8
6F-PI 82.6+1.7 246:0.04 5808 338 501 514 gi'
B-PI 74443 230+0.12 39.1+17 232 503 510 0.2
X 0
P-PI  68.1+3.1 1.32+020 73.8+6.1 455 504 512 200 300 400 500
TREE/PC

1l B-P1 5 P-PI i JEE R I A W MEWT & . N-P1 4+ 5%
I 52K, T ) 1 ER A AR 7 380/ 5 AT BEL A
B IS 3l DA 2 A i S I 5 0 e ot T AR ol S S B
ffath Wi . 6F-PI 255 B AR K MNIE, H o 15
HeF A i B /N, Rt v S WO i P B 2 . B-
PL Oy T4 & A R RIBEE, 7 THEA 5 RAETRAZ,
HEREW 0185w, DR o o7 8 15 2R 0 5 390 4
2, W R I B BUm b A R R A W R R . R
& P-PLy 5 (1) WU 0K, AFURE 7 9 JEE 7 B EH AR AR
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BE R A 15 5 B A BT A7 2 S 0 e BT R Ml A
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WE 7 E8MEIFR. WNERITLUUEH, &R
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B 1 400°C , 5% o3 fif i (T, R 10% 0 fift il 5
(T 77 9 N 501~506°C 1 510~514°C . MK 8 7]
PLE HY, 3T NTCDA A1 PMDA [ PI v i 22 B ¢
oI B B A AR TR (T o A N-PLIY T, 8 i m
i it 487°C , & T 6F-PI (T,=338°C ) fll B-PI (T,=
232°C), iX JH R T NTCDA F1 PMDA ] & Wil 4 45 #4)
BRI TR AW TS B, Wi T T, AHE
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Fig.9 Dielectric constant and dielectric loss factor as a
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Tab.4 Dielectric properties of PI films at low frequency and
high frequency

PO EN 2 A I B FE R AL
1kHz 10 kHz 1 MHz 10 GHz 1kHz 10 kHz 1 MHz 10 GHz

N-PI 462 4.60 453 266 0.00930.00810.0205 0.0145
6F-PI 2.68 265 263 259 0.00350.00310.0101 0.0111
B-PI 3.55 353 348 275 0.0056 0.0044 0.0113 0.006 6
P-PI 403 4.00 389 246 0.00840.00720.0158 0.0174
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