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Abstract: With excellent mechanical properties and heat resistance, polyimide has been one of the important
dielectric materials in microelectronics industry. In recent years, with the rapid development of microelectronics
industry and the rise of 5G communication technology, higher requirements are put forward for the dielectric
constant and dielectric loss reduction of polyimide in terms of energy consumption requirements and signal
reception. How to reduce as much as possible the dielectric constant and dielectric loss and retain the excellent
properties of polyimide at the same time is an urgent problem to solve at present. The research and application
progress of porous polyimides, polymers filler and inorganic nano filler composite modified polyimides and other
composite low dielectric polyimides emerging in recent years are reviewed. How to reduce the dielectric constant
of polyimides while maintaining other properties is discussed, and its development is prospected. It will provide a

new idea for the design and preparation of new composite low dielectric polyimide materials.
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Table 1 The properties of common low dielectric constant polymers

fffsR TARRE

ok AR /% € Dy BEMPa  LJR/C
SRR .8  3.00~3.50 0.02~0.03 250~300 300~350
AL 3.00 0.001 =250
TR KT A =) =270  ~0.0033 =100  150~250
RV 2N <1 ~2.10 0.001 20 ~30 120
WmESY  <0.04 ~2.70 0.0024  100~150 200~300
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M 8 77 2 1 e 5 AR 8 1 B R B R B AR N L
T AR ISR o AN, PI S5 4 &) T3t et
TR R, A 5 B PR 20 DS Tl F A7 M P b A 3
DARE HUAR o 18— 20 I i BEAI A HL % BORN A FRL I FE 1)
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Fig.1 Surface structure of porous polyimide prepared by microemulsion
method
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Table 2 The dielectric properties of porous PI composite materials by
solvent-induced phase separation

;LA fEum D; BAHERE/MPa 5% CHR

DMAC/GBL ~ ~20 2.54  <0.002 0 [23]

DBP 8~10 1.71 12.90 [20]
JKADDAB 3~5 2.38  =0.004 0 99.20 [21]
JKFMDDAB  1.8~24 =270 =0.0040 102.2 [22]

1.2 BELFERIR ZFLPI

23/ 22 FLIE R ZE DL 2 FL AL (BN) LA K fek
RAOIESI0, HGM) N o Yang 25 F FL4k B K
W IE IR 1 F Bl & T 2 FLBN/PIE & i . 2%
fiE, 40 ABN i 273 £0920%~80% I , 14 2 1L
R E RRFE1~3 um 247 761 GHZIATR T, i
A ELE B30 N2 2.54 7 47, 10 HA B FE R FE
FE0.002 LA o Ji Al 552 F R A7 58 6002, FEPIE G
R 5\ B FEK (Hollow Glass Microsphere, HGM),
il &3 ZIPVHGM & & K . 4 I AHGM ) Jiit & 4>
9%, 1 MHz T A HUH #0R2.40 0 4, H4l
PIfefA% T 70% /5 45 - Wang 251 LLSi0, flt BR A A5
B, LLEEERZ R (Polyamide Acid, PAA)FISIOL A4 ¥
BN R & T 2 FLRALPI(FP) # fi5 . 8 R AE, 24
SiO, i & 7 B N F30% 0, 2 FLFPIE B A
1.84PIE AT FLH 2, SR bz o B (K 3122 MPa
KA.
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KHS50 2% f5 FTHGMTE M R E A & F & 2 &
VHLSE () A H B AR T LAIA $1)2.00 42 47, T HL bz Ao
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Fig.2 The modification of HGM by KH550
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Table 3 The dielectric properties of porous PI composite materials by
Pore forming agent

HE RARALREMm Dy HufiERE/MPa SR
Sio, 0.33 1.84 22.00 [26]
HGM 30~50 240 =0.003 0 60.00 [25]
NH,-HGM 2.00 0.0013 124.06 [27]
BN 1~3 2.54 <0.0020 [24]
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1 MHzi 2 A H i $02.26~2.48, FE IE YA
0.006 6~0.008 5. 73 7, & A P17 5 HL A 10 S5 PO i 34
P, 3 fifpe AN SR A % AR U B (T,) 73 I AE440 “C A
290 ‘CLA L.

RVUH LI (PTFE)E J30RE = 2 H T 25 PIE)
TR B A Y, F LS B o — IR A F 48 AR A
FEMIATE L MHz, 2.1, DR0.001) o XuZ5 4 B T 7K
i P TR I R 2 31 S5 PTFE A L 47 JL R o 4%
TPI/PTFEE & K . *4PTEFJH & 70 $ N40%H,
PI/PTFER & EATE 1 kHzA% T A i E0h
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Fig.3 The chemical structure of POSS
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Fig.4 The chemical structure of OPAS
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Table 4 The dielectric properties, tensile strength and 7, of POSS

based PI composite materials

¥ R ES % & hifhiEE/MPa T/C S CHR
FPI MIPOSS 2.8 2.09 96 [39]
PI  OPAS 10 2.10 [36]
PZI  OPAS 10 2.10 297 [37]
L-PI OPAS 5 2.10 2501 [38]

32 BEHAEBRITEYIESEPI

VE B IR 21 sp R AT ) B JZ2 04 5 IR TE N
T S ) 4k S AR, A S0 AT AR O B
[0 775 IR R RO PE R, TR S A SITEAR 2
B2 R0 A SR A S SR A 6 TR o AL A 5
W S FLAT AR — D7 AR B T A SBI& 1 2454,
A BIPUEAR 5 B8 23 =PI H B AARFL, A A A
FHE BB A S — 7 1, B TR ISl AR R )
A2 B, A HUH 03— 20 BRI AL, ) Rk
HSBIEAT AR SR R BPIE SRS T T
2T . H AT A SR AT AR/ PTE A MRE
(1732 2 B VR DR R A R AR

EEXF CL BTV, A AN 2 BIBAEAT T K
TPV IT A o R K DA 188 05 T 45 4 1) — ¥
(BAPO)FI75 3 - BF(6FDA) N HA, il i b 2 30 gy
BB ERPI(PSPI), H 78 F A A7 28 I 32 T #2 1
BAPOTF 2| & J 8 A A 580, K AR IR I B
PSPUAR H o 5 2445 21— R FIFGO/PSPIE & i . S
I 45 R W, FGOWS N T & 73 HUN0.5% ), 56 i
TE10 MHZSZE T /1 B3 £ M3 45 AR 222,58, F i
R 5 e A A 3R A A R (T,) T 43 il 98
MPa.2.03 GPaf1303 ‘C#2 53109 MPa.4.24 GPatll
327 °C o 1% A BAE HoAth A LU A 52 (GIF) N
BE, 22540 R B J5 15 3 &l S A A 58 0 VA W
(GFO), II N3 2. —F#(PEG), & JE AL B A IV fiefh
13 %|GFO/% FLPI(GFO/pPI) & & i I, 2 R AE, RN
HINGFO/) 5 873 $UN0.3%I05), 10 MHZARZE T 1 5 1)
I B BRI 29229 AT, 1 T BA I B i) % H
HRJE T HIEA A BIH(FCGO), IME 1) L & 15 3
FCGO/PIE & I, 4 RAELE NN i & 0 BN

0.6%M) FCGOH, HELE10 MHz K A HH \
3.33 N FEF2.34, FrfH5E 118 MPa_ T+ %2141 MPa.
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Fig.6 The chemical structure of graphene
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FGO/PIE A i i . 2 R4, FGO L AFAE (13 3L 3L A v]
DA S P A= SV A FH AT 14 5 A 18] i S 4R H - 78
I &2 HUN0.6% IFGONT , 5 & M 44 1 BE
I, fE15 MHz R A HUH 020 82,35, b fiai 2 oy
155.73 MPa, LLAfPI#HE T+ T 66.3%. YinZ5 R Fl4,4'-
TR FE-2,2"- W =R R B OR (TFDB) X 7 9 1 22
(FGL)HEAT U1 88 P 40 1S B Dh e Ak 5 9 220 (-
FG)¥ - ¥ H in N #|LL6FDA-TFDB A H.4K [
PAAVE, e hE ik S #4004 )5 159 t-FG/FPIE
JE o tH T t-FG 5 FPLL A /7 72 Bk B AH HLAR H, 7Et-
FGHE &8 NF B4 %0.75% , # I E BA KA
1 48(1 MHz, 2.09)-5 %80 B HLH38 52(300.1 MPa).
BRI RT AR AP R RE IR SR .
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Table 5 The dielectric properties, tensile strength and 7, of graphene
derivatives based PI composite materials

KW T D BREMP T/C ik
FPI(PSPI) FGO 0.5 238 0.025 109 327 [42]
PI  FGO 0.6 235 ~0.02 155.73 [45]
Pl FCGO 0.6 234 ~0.02 141 357 [44]
Z4LPI GFO 0.3 229  0.007 159 388 [43]
PI  GFO 1 2.75 110 366 [47]
PI FG 0.5 2.48 160 [48]
FPI  tFG 0.75 2.09 0.0019 300.1 [46]

H S5, A BT A AP BRI R
UFF) 77 21 B T A DA SR (1 A R 40(<2.50),
HS FFE T FEHAE KB o H T, 17 A 5T
F EAE A LEX GOREAT F Ak 4 =y H 5 PIRIAH R
o R, A HADGE SR R IN — 2 R B RTAEY
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MZEWE L MMT) B A Z AL ZAIREG ), TP
B 9 B ARG A FRUHE U 1 R OO0, (R LA B
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A i s PanS6 R H [ A SR £ 1 — Rt
FEHRPUMMTYCK R & R A R B FMMTR I
SPUBRL T i E 4504, Bt AL BEAREY, M 585
PUMMT )1 H 5 ORI FIK(10° Hz, 1.8~2.1).
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MAERE 1B, I 20 ik e FLYE LAV 77 5
TR B2 45 2 FLPLE H T RRAE 4 % 22 1.80F 1T 5%
A 87 AR LI RSE AR 8 B R RSE FLIR 1 A=
X RER M 2 R RS R R T I N oAt
K S AE R AR BE IR FLIR R, i /b xS g
{18 A7 THT 52 0, AL B BORE O 32 15 (2.00 22 45 ) 9K
K+ 5 EGPIH T HA B S mIER, H % ae
DL #vEa e PR 2 ALPIE A R B 4T o, o 284
B HATAEIN I\ Re g5 5 5L R K e e M, (Hetd
11(2.00~2.50); POSS I REAFP R Z A, 3& SIPELF, T
A B AR(2.00~2.10), (E X Hr A g 1 G 5
M %% K (<100 MPa).
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