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Abstract: The research progresses of different polymers (polyimide, perfluorocyclobutyl-based polymer,
benzoxazinyl polymer, benzocyclobutene resin, efc.) with low dielectric constant and low dielectric loss factor in
recent five years were reviewed. The influence of different design strategies of polymer structures (chemical
composition, molecular structure, pore structure, etc.) on their properties (dielectric properties, water absorption,
thermal stability, mechanical properties, efc.) was discussed mainly, and the influencing mechanisms were
analyzed briefly. At last, the four common methods (reducing molecular polarity, increasing the free volume of
molecular, introducing porous structure, and introducing cross-linking structures) for the design of different low

dielectric polymers were summarized, and the development direction of low dielectric polymers in future was

prospected.
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Tab.1 Chemical structures of polyimides and their dielectric constants
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Fig.2 Design route of PI films with sandwich structure
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Tab.2 Chemical structures of perfluorocyclobutyl-based polymers and their dielectric constants
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Fig.3 Synthesis route of perfluorocyclobutyl-based

polymers

22 REYSEHNEL TFVE EREL

Je% TFVE 5 [ 5| N R &P e TG &5
T L8R5 BB TFVE 2 8] 1) J B3R 1525 28 Bk
A PFCB R &Y (WLE 3(b)) . ZHOU J 555
W T A P Ty T RS T R AT Ak, P 5 & TFVE 2
] P R o 07 26 0 AT S A T ot A S I 75 31 0 3
A TFVE JE BBy BT, 85 5 72 1 T 200°C (1362
TR M. SBATMRAEMEAR



22 W 25 AR IR G AR Tt

@R 2021,5409)

U ()5 e M R SRR BE 0, 22 TG TR T B A i L % 2
B Ra S M IR D, (2.52) BL R B B IR K
(0.6%) . HE F 5™ 7 FAE 4 i 42 Y —— 161 &
fik (1) 2@ B AT IR A, AN G I8 K 1 IR NLAE R A
YL 5] N TEVE 221 1% 3h RS E 58 & W7 in #4
AT T BRI 48 4544, FE R I R IR /K 6 (<
0.24%) K D, (<2.64) | R I i) # A e 11 BL S AR 57 1)
I RE . WANG T 4“4 8 4~ TFVE £: 4] 5] A I
THLPOSS # L, Rl It R & I N AF B T —Fh 22
X 94 POSS . X A EHL-FA HLE & # kLR A #8
e ) AR E T L R I E B RS G DB 3R N 92%) VB
K D, (2.56)F Do fEEAKHFIRII KRG, KH
V) R I H AR TR K #.(0.044%) , 7 D, (2.63) 5%
T RTAH EL A KA B RS R .
23 MUESE TFVE BB RNEREEYERE

24 1k R IS & TRVE Al 1 g 56 [ 19 46 &
WY, SR Ja A A ) B R T I R 15 B R Y R A
W, i J5 R TEVE Z (8] 1) ) S 3R A5 25 22 6 ) 265 4
MR EW L 3(c)) . FANG L&DLT &y N
JEoRE, g = Ak % I SF TFVE 2 3 5 B 0K s
KA1 A I 455 B[R] — A4 F (NBE-TFVE) 11, NBE-
TFVE F £ JJ1 73 5 i 5 & [ B (ROMP) 1] 13 21 5
&%) (PNBE-TFVE) , PNBE-TFVE B4 # = i 4> 1
AR 7). EM#A A T, PNBE-TFVE 1] i
— 35 A AR O FLA AT I ) 4% 5 7 1) 2R 4 W) (PNBE-
TFCB) , F R I H AR 5 (135 ' 6 iy 1) #hda e 1
(Ty,, N 412°C) ik D, (2.65) LL K K 4F HI8i 7K 1 o
CHEN X %™ it & i 17— M & 3 /> TFVE 2 4111
B UK 0 AR, 220 B UK 05 1) ROMP L & TFVE
B A BN IS T RS IR i - 5 FANG L &5l #%
) PNBE-TFCB #H Lt , 1% 22 B A% I 2 AL HE B 4 (1) 4
R (T, N 473 CO R FAPERE(D, N 2.39)
24 & PFCBHIFEE

[F] B PFCB PA K AN I B 3 A AL A 4 5
T —AE P I BV R B A A ) 2 8] B AR
FIFIREY — R RELHEEYOLE3W)). JIAM
EGWPLE A PFCB BRI — e 5 6FDA 4y J5 K}, il
TE P 25 S BB T — K 1 SR I i (PFCBBP-
PD . PFCBBPPI H f i 7 i) # f2 & 1% (T, A
510.5°C ) i 7K 14 (7K 2224 0.065%) 15 7 T~ H
e S IR 7K P DA R /IN () B AR FR 4 $, PECBBP-
P17 ] 3 1) A 855 A I 0] 780 B IS 3 D, I 32 v A 2
2% (24282 & H) 2.47) . BEAN ABATIE AR T — R

) B ARG Bt 1 1) ¥ FD 45 44 (1) PRCB 75 5 ik 226 SR 1k 0
Jlig . FEARF & 8 (23.8%) AldE ) H AR (FEV N
2.31%) B GL T, o] LIRS B SR H K1 D,(2.31+
0.0 IR A MM B, ZH TR R, & MK A
B B 1 AN B 4 188 K SRR IV e (1) FEV, 11 I 25 1 )
FBN 2 SEFFV RN . Mok, 5B EE D, B
H W FFV AN REIE K, BN AE FRV 3 K1) [R] £
It o5 i 7K PR )R R, 3R T S EOCR A W A RHE A A T
et D .

3 AHERERE

R I W R S AT AR 8 AT B ) B SR AL S
YAk E UL PR (2 R 2 )8
W ha G R AR, W 4 PR . S LL RS IR
58 5 0 R A B AK AT DLZE I #8561 N R AE TP IR R &
SRE s AT TR Js FL AT S8 Wk D) % 35 g £1R) 248 R R 25 2R
£ ) (polybenzoxazines , PBOs) , H T H 3 1 45 #4 1
FAAE 2 e A MR R 45 1, W] TV J o3 1 /93 1 T D &L
B, H AT B D RE AR AR R MO E L B,
PBOs 7E 5K (1) 22 62 52 N B A] B & 3 & AL
S JEANBL G, b AME B A B B AR AR IR B (T
IR AR IR A L IS R PR AR 7 A i 7 A R EL AR
S A, AT S A H 7 3 20 DR TR A 7 I TS
AHETAERI N AT 5. 2870, SL8 XU A 21 PBOs
(9 D, N 3.7, AN B 2 e A B R B A oA R 2
K, BRI, A3 AT 7 00 0 3 5 & AL S 1K & Rk
2R I WE B BT 1 T SR AA, BLIRGSS PBOs H B 1 B
ORI ST A &R, BT RE K PBOs
) D, o

H

o N R OH
Rl—ij +Ry-NH,+ CH,0/(CH,0), >R ) —> Wg’t
4 ’

B4 FHIEBBRRXREYE MK

Fig.4 Synthesis route of polybenzoxazine polymer
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their dielectric constants
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Fig.5 Mechanism of ring-opening polymerization of
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Tab.4 Chemical structures of benzocyclobutene resins

and their dielectric constants
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