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Preparation of high-porosity polyimide microporous films and their
dielectric properties

MA Jiaojiao, LIU Peiqi, GUO Beibei, GUO Haiquan
(Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, Changchun 130022, China)

Abstract: Polyimide films with high porosity were prepared using 3,3’,4,4'-biphenyltetracarboxylic dianhydride (BPDA)
and 4, 4'-diamino-2, 2'-dimethyl-biphenyl (mTB) as monomers. During the preparation process, pore-forming agent was
added into the system, and the high-temperature thermal imidization of polyamide acid was controlled by the principle of
thermo-induced phase separation. The micropore morphology, mechanical properties, and dielectric properties of the films
were analyzed. The results show that the porosity of porous films reach 50%—60%. Under the frequency of 10 GHz, the
dielectric constant and the dielectric loss factor of the sample PI-1-250-4 h is 2.14 and 0.002 8, respectively, while
maintaining good mechanical properties and heat resistance. Due to the introduction of rigid biphenyl building blocks, the
porous film still maintains a low coefficient of thermal expansion. The adhesive-free double-sided copper clad laminate,
which prepared by combining the porous film with thermoplastic polyimide (TPI) and then pressing copper foil at high

temperature, has good interface adhesion and solder resistance, and can apply to high-frequency and high-speed flexible

copper clad laminates.

Key words: polyimide; porous film; dielectric constant; copper clad laminate
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Fig.1 Infrared spectra of porous PI films with different
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pore-forming agents and at different treatment temperature

PI-1-150
| - _ o __ }_’I-_l-_2§0___,»\\_§_
.............. PI-1:300. . ...--+-
[.\‘
N ¥ \_\
SN PRS0 s

..........

PI-2-300
PI-3-150

1300 1400 1500 1600 1700 1800
WHU (em!)
E2 HRWMATRBALFARESERLIEREE T
IHEZIR o) SEIFAR] S a5
Fig.2 Local infrared spectra of porous PI films with different

pore-forming agents and at different heat treatment temperature
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Table 1 Degree of immidation of porous PI films at the heat

treatment temperature of 150°C

DIJSO/DISOO

T i AR
150°C 350°C
PI-1-150 1.019 1.020 0.99
PI-2-150 1.062 1.070 0.99
PI-3-150 1.084 1.090 0.99
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Fig.3 SEM images of porous PI films at different

temperature when the pore agent is dioctyl phthalate
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Fig.4 SEM images of porous PI films at
different temperature when the pore agent is

polyethylene glycol monolaurate
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Fig.5 SEM images of porous PI films at different

temperature when the pore agent is polypropylene glycol 1000

T i I ek A AR P T e AR IR FE (150°C) R LT 58 4
U Ak, 5 LIS 3R A RN AL TR GRS 2 V6 751D S BUAH 2
B AR IR R (250°C B 300°C ) , FALFTE K
o fil) , O 48 58 BT I A 1) B 28 8 16 3K P 35 1 7k
1, PR BT ALEE M

AR5 AL B 2 (3R 7 v, DU AN A 1 R
SRR, 78I 5 B AN B S SR 10 /S 2l o
ARSI T, 45 R A03R 2 B, B A 2R S
(I FLIR R W13 3 Fw

R2 TREIPIZILBEEMNEEITHEER
Table 2 Calculation results of density of

different porous PI films

FE il R /g A /em® 5 /(g/em?)

PI 0.007 8+£0.000 2 0.005 6+0.000 1 1.400 0
PI-1-150 0.006 5+£0.000 3 0.006 5+0.000 1 0.994 7
PI-1-250 0.003 7+0.000 2 0.007 8+0.000 1 0.4719
PI-1-300 0.002 0+0.000 1 0.005 6+0.000 1 0.3595
PI-2-150 0.001 6+0.000 2 0.006 2+0.000 1 0.2515
PI-2-250 0.000 8+0.000 2 0.009 3+0.000 2 0.088 6
PI-2-300 0.000 3+0.000 1 0.008 6+0.000 2 0.0350
PI-3-150 0.000 1+£0.000 1 0.005 7+0.000 1 0.026 0
PI-3-250 0.000 1+£0.000 1 0.010 2+0.000 2 0.010 5
PI-3-300 0.000 1+0.000 1 0.015 8+0.000 3 0.007 1
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Table 3  Porosity and pore size of

different porous PI films
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Table 4 Dielectric properties of different porous PI films

Befh FLERER/%  AEE (10 GHz) A BRI (10 GHz)

i FLIRZ/% LR /um
PI-1-150 28.95 2.2~10.2
PI-1-250 52.56 1.6~153
PI-1-300 23.81 2.0~84
PI-2-150 30.05 3.2~10.0
PI-2-250 64.78 1.4~8.6
PI-2-300 60.53 4.1~10.5
PI-3-150 25.52 0.8~5.2
PI-3-250 59.63 2.4~10.0
PI-3-300 32.54 1.1~42
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PI-1-250 52.56 2.18 0.003 0
PI-2-250 64.78 2.09 0.009 5
PI-3-250 59.63 2.47 0.029 0
PI-1-300 23.81 2.48 0.003 2
PI-2-300 60.53 2.12 0.010 0
PI-3-300 32.54 2.89 0.004 2
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Table 5 Dielectric properties of porous PI films after heat

treatment at 250°C for 4 h

ke E{NiE VINCEN R I IRARE R A
1% (10 GHz) (10 GHz)
PI-1-250-4h 5423 2.14 0.002 8
PI-2-250-4h  65.62 2.26 0.004 6
PI-3-250-4h  61.37 274 0.005 2
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Fig.6 TGA curves of different porous PI films treated at
250°C for 4 h and treated at 150°C for 2 h
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Fig.7 DMA curves of different porous PI films at the heat
treatment temperature of 250°C
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Fig.8 Stress-strain curves of the PI-1-250 porous film
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Fig.9 TMA curve of PI-1-250 porous film
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mm/min, PR TK A A 90° B 1R B am . HFE%
W 5 4 I BT 54E , 355 58 FE S 35 {20.7 N/mm
MNEHE . WREE KR, A0 TPL =2 5 A M
5 0 PR 0B SR O 1.2 N/mm, 35 BAT Wb b v 45 A
(>0.7 N/mm) E3R , 27~ H P1 % FL I A % 5 40 6 T2
FAR G B 25 6 713X A2 TR R 22 FLE 3R THI 1) v A RS
EA BT TPIH A4 &, il e 6 )5 T B e b 45
55 5 ) 7 A

% H8 TPC-TM-8503 XiJ 78 4 A 33 A7 i 5 855 Ml k.
2 B8 GB/T 2408—2021 347 ¥4 e 14 g Ik , 15 21
B PR TR 450 5T D 310°C , BELBA M fi ik 1) UL 94 V-
0 2 , ¥ A& WUTH B M 78 A AR (1) B AR PE BB LR

3 g

(DA E R ¥R RO R A

R 6 AR T 8 1000 A ECFLFAI, il 7 3F P2
FLIE AR . AL BRI N 250°C I, 3 R0 PL 2 LA H
A FLBRR T A A B P 0ok v 2 3 AL B R

() BAL I 7 ) 7% B8 2 52 i P12 AL Ay i1
REME BN R . TEPRRIEIFR T J5 » A BL A AR
K HER T orfE, H4250C PR 4h)5,PIE
FLEMEAE 10 GHz T I/ U 08 2,14, A AR FE R
$0°40.002 8.

(3) Z FL P 2L A A 53 (W # RS e 7, 5% 1) #
I3 R B AR IR 2 490°C LA L

(4) B AR A [R] BUFL 77 ) 4% 1 PT i B 7L B 26 42
L HE R EINHEER, 5RO R A
FER IG5 0 I8 1000 AH Eb , >R A0 R — H IR — 3
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