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Synthesis and research of a silicon-based resin with low dielectric loss
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Abstract: In order to improve the toughness and solubility of bismaleimide resin and improve its application in the field of
high frequency and high speed copper clad laminate, a silicone modified bismaleimide resin (Si-D936) was designed and
synthesized from silicone and D936 type bismaleimide in this paper. The characteristic structure of Si-D936 and silicon-
D936 monomer were characterized by IR, NMR, and gel permeation chromatography. Additionally, the effects of different
silicon contents on the solubility, heat resistance, mechanical properties, and dielectric properties at 10 GHz of the Si-D936
were explored. The results show that compared with the modified D936, the solubility of Si-D936 in butanone is obviously
improved, and the highest solubility can reach 30% (at room temperature). However, with the increase of Si content, the
molecular weight of Si-D936 increases, and the solubility decreases slightly. The Si-D936 modified resin has good thermal
properties after curing, but the heat resistance and residual carbon rate decrease gradually with the increase of Si content.
The silicone modification can improve the mechanical properties of D936 resin, in which the impact strength and tensile
strength of Si-D936-1 (the molar ratio of D936 to HMM is 3:1) increase by 35% and 24.6%, respectively. However, with the
further increase of Si content, the cross-linking degree of the modified resin is affected, and the impact strength, bending
strength, and tensile strength of the modified resin decrease. After silicone modification, the dielectric properties of the
modified resin are improved, and the dielectric loss is reduced from 0.009 4 to 0.007 2 (10 GHz).
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Fig.2 Infrared spectra of D936 and the

silicon-based D936 monomer
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Fig.3 The GPC spectra of D936 and the

silicon-based D936 monomer

F1 D936 SHEE-DI36 BIFEESIE BIZHIE
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Fig.5 'H-NMR spectrum of the silicon-based D936 monomer

22 BN

7E BMIM I (6 in Tk F2 b, — M s LV Al 7
T A AT bR I R R RO, N T e
If. NT D936 5 Si-D936 [ in L1 Ak, it %
fIE D936 5 Si-D936 [ fif 1 e HEAT VA . R 245
7 D936, Si-D936-1. Si-D936-2. Si-D936-3 7£ 25°C
T4y BIAEH 2K T i \DMF  THF 4 Fhig 571 o 1) o &
W . MR 27 LE HH, Si-D936 7E T i . DMF,
THF ¥ 71 /1 ¥ b D936 B A 54 (i ff 1t e o 04T
VA AR 25 S 1 R RN Si-D936 AE S5 R 5] N T Si-
O-Si % Bt , 4> T 4 M IR FRYE R B, 7 1R 51
BT 7 BE 3G, 43 7 10 25 & 1k PR I R 1 e 4R
%, Ak Si-D936 5 D936 £E H S Hh i i fidt v
15, 7T e (1) JR R A& Si-D936 4 T & th e K, it 1
il WiV R BE I R R . X EE Si-D936-1. Si-D936-
2.Si-D936-3 AI LA th, B & Si & & 13, B4 g i1
Iy T ENOR WA TR
23 EEhhEMRR

N T T D936 5 Si-D936 1 [H 1k % 1 , £ Si-
D936 H1if B Si-D936-2 AKX FK , %F D936 F Si-D936-
2 AT AR SRR 2 n F A AR IR L 15 3 DSC ih 28
w6 FE 7 FroR

K 6~7 ] %1, D936 1 Si-D936-2 1 52 #id 2
HH ok i B A e AR TS AR U 2% B R T 52 AR S I

F*2 D936 5 Si-D936 TR R AR RE
Tab.2  Solubility of D936 and Si-D936 in solvent
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Fig.6 DSC curves of D936 at different heating rates
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Fig.7 DSC curves of Si-D936-2 at different heating rates
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Fig.8 TGA curves of D936 and Si-D936 cured resin
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Tab.5 TGA data of D936 and Si-D936 cured resin

Ff bt T/ C BRARF(700°C)/%

D936 5325 37.62
Si-D936-1 482.5 25.29
Si-D936-2 4492 21.83
Si-D936-3 399.6 15.91
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Tab.6 The mechanical properties data of D936 and
Si-D936 cured resin

Fedh PEREE/(/mY) IR /MPa FLGREE/MPa

D936 2.0 352 17.5
Si-D936-1 2.7 38.3 21.8
Si-D936-2 2.3 36.5 18.2
Si-D936-3 1.8 343 16.4
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Tab.7 Water absorption data of D936 and Si-D936 cured resin

B YRR K /% IRt 0/%

D936 335 0.02
Si-D936-1 3.10 0.08
Si-D936-2 2.93 0.02
Si-D936-3 2.85 0.04
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Fig.9 Dielectric properties of D936 and Si-D936 cured resin
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Tab.8 Dielectric properties data of D936 and
Si-D936 cured resin

FE D, Dy

D936 2.832 0.009 4
Si-D936-1 2.823 0.008 7
Si-D936-2 2.831 0.007 8
Si-D936-3 2.825 0.007 2
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