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Preparation of SiO, filled hydrocarbon-resin-based copper-clad plates by
solvent-free method and characterization of their performance

YAN Yuru, LI Huilu, WANG Chao, YU Zixuan, XUE Xiaolong

(College of Materials Science and Engineering, Xi'an University of Science and Technology,
Xi'an 710054, China)

Abstract: Using styrene-butadiene-styrene (SBS) as the resin matrix and SiO, as the filler, SiO,/hydrocarbon high frequency
hydrocarbon copper clad laminate with low dielectric loss were prepared by hot-pressing method using a double-roll open
mill and a flat vulcanizing machine. The resin film forming method and the influence of different contents and morphologies
of SiO, under the open mill film on the dielectric performance, peel strength, thermal conductivity, tensile performance, and
water absorption rate of high frequency hydrocarbon copper clad laminate were explored. The results show that compared
with the traditional solvent-based resin film method, the solvent-free film production using an open mill has obvious
advantages in the molding of composite resins and material properties. With the increase of SiO, content, the dielectric
constant and dielectric loss of the high frequency hydrocarbon copper clad laminate increase, while the peel strength and
water absorption rate decrease. Under the same particle size and filling content of SiO,, the dielectric constant, dielectric loss
factor, and water absorption rate of spherical SiO,/hydrocarbon high frequency hydrocarbon copper clad laminate are lower
than those of angular SiO,/hydrocarbon high frequency hydrocarbon copper clad laminate. When the mass fraction of
spherical SiO, is 75%, the comprehensive performance of the carbon-hydrogen high-frequency board is relatively superior,
with a dielectric constant lower than 3.3, a dielectric loss factor of 0.002 2, and a water absorption rate lower than 0.040%.
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Fig.1 The main reactions in hydrocarbon resin system
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Fig.2 Infrared spectra of hydrocarbon resin system before

and after curing

22 SiO/ARE SR AR 75 SRR R
TURHE R 2 A o 3 B 21 5im A HY L OB
TN I AR, T AR B g 2 % RE 1 R A F AN K
SEORHER N & 2oL e I R T MR ML T 9 770 FRD ) ik e
Fh, T3 T ER R I e AT R DK BE 22 [ SE0R N
ST AL REL R 28 5 5% — U T B 2 HH L BRORE



104 AR

OGN BEAR S 5 B i B B ) P fE - SO 5T
I ERTE S10, SFURF ) Jit B 73 B e BN 40%~80%
22,1 AN[RI AT A A

CCL 2 ¥ 38 5 A4 FHE LU S HE Jom i e st 28
Je A J2 M 4 — T B T LA 9 2 A T
S B — FACIR A o b B A W TR A
22X Ik ] A JR s I 5 AT I S AR S A Ok FRAE
TR A J50 )2 1) B0 o 8 1 A R RE 3 S0 1, DA
VR ORAIE 7 28 B RARORE R0 S 1k e IR, SR TT R
5 P i I £ RSB 1 RE A2 52 T CCL B ARk BE 1) 5%
B o ARSI N 75% KIERTE Si0, HURL I F AN [
BRIV ) g, 0 DR 5 0 2 s CAFMD I 5 3 35 T
T30 KRS E 24

P 3 AR 4 73 530 R AS [ e 28 i 1 4 1R 5245 W Tl
JERE T 3D S A 2D TS

ié/;ff/ym 3 4 5

(b) ¥ L
3 FRIBE G EHSHESMERERTE 3D HRE
Fig.3 3D morphology of composite resin film surface by

different forming methods
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copper clad laminate produced by different forming methods
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Fig.12 The peeling strength of SiO,/high frequency
hydrocarbon copper clad laminate with different content and

different morphology of SiO,
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Fig.13 Mechanical properties of SiO,/high frequency
hydrocarbon copper clad laminate with different content and

morphology of SiO,

M 13(b) ] LUE H, B A PRI I 24K 32
SiO, ZEMHMER FHMES. KEASTET,
TR 4 i B 1k 2 (] 43 B8 &), B IR B A4 e 58
L EORLRORE , SBS W IR (R 5 0 14 o 2 BEHA 5 53K
AN, SO, 15 & G A R RITE BT N, A4
o FEEIZ B 32 B, I Ah Si0, 3 T 5 0 8 R BT 4 R
B, BRI 7 WK . EAHRIRINE N, BT A
T S10, 1 it 145 a8 1, BRIV T (1 it 42 &5 g 2 o S R A7
15 5y T SO 2L AL 7 s T i 3 AR ORLEE A D0
FH R AS S5 IR I r i &, DL £ T S10, 35 78 i ik &
BREL A T R B R 2
23.6  AFEEE LS SIO, N Bk A R AR 5 34 R 4L



7 TS 4015« JO U TR ) 2 S10, 3R TS F AR UM e ik 7 6 B e Ak BESRAIE 109

1) 5% i)

14 A [E & B SR Si0,/) & AR 1) 5
WA MNE 1477 LUE H, TEIERHE 78 1 B s
WG 3 R E AV 0.26 W/(m-K), I SiO, J& & 4R
)3 # R EUBE Si0, & & 1 N 4 = . 4 IR
B H0E T 50% B AR EE AR (1) 5 A R FpuE 8
HAERIE 1 TE Si0, i &40 B0H 75% I, B & = AR
17 5 4 R H o 51 AT L 0.93 W/(m-K)+ 1.12 W/(m-K).
X BR T SRR 3G I DL R R HE AR A S A
R I 55 A (1% 225 ) B 0 B0 5 3 70 40 () ) 4 ik T 1
KT8 BT 2 1 #VEE 454 - 70 B 20 B SRR B i
2 BT BB G 1) G B R A L 3 A RO K
M 14387 LU, FEAH A &8, M E Si0, 31 A
10 e SRR 3 A R BB A v T BR T S10, 35 78 1) s A
R, 3% 3 B RN A T Si0, 19 4% In) 55 1 K K ) L 3R T
SR TR S IR < M A, HH A &
S RHOR KT BRI Si0, 1 F R

—o— BRIESIO,
125 siesio,

SHARBU(W/(m-K))
o e -
N O‘O i o

<
~
T

e
N
T

0 20 40 60 80
SO, #5340/ %
E 14 ATREEEEHRSIOMETINR SRR
Fig.14 The thermal conductivity of SiO,/high frequency

hydrocarbon copper clad laminate with different content and

morphology of SiO,

AN B TS0 Si0, 6 Bk & i AR A M g

1) 5% )
e S e AU 04 A FL 1 g 2 B E U T A IR R
ATCHUIERL 2 (8] AR Ah 26, b Ah A B8 IR 4 2 1 (1)
FLBR A B R e St R B R R, B 15 2
10 GHz R A [FJESR Si0, 3 78 Bk & = AR 1% D, F1 D,
BE IR AR L. B 1S T LUE H, TCIERHE
f) Btk S = AR ) DN 2.3, DA 1.02x10°7, BE 4 Si0,
TS B IGN , B E SR ¥ DA D35 3 B
Tto XN Si0, A7 X T B S g H A 8 i 18 D,
A D, [F B Si0, 34 K 7 A HL-TCHLAHF i, 5 5 &

2.3.7

AR I PR 7 T AN A 5 R 5

4.0 0.006

35

3.0 0.004 &
5 —
35 25 i?
= Z:

. / 0,002

1.5+

10 1 1 1 1 1

0 20 40 60 80
SiO, /i = 7350/ %
(a) BKJE Si0,

4.0 0.006

35

3.0 0.004§pg
= — K
=25 =
<= B

2.07 = 0002

1.5

10 Il 1 Il

0 20 40 60 80
Si0, it 73 $/%
(b) ¥ Si0,
15 10 GHz T AR E & 5 Si0,/ ik S S SR Ay
e M AR

Fig.15 The dielectric properties of SiO,/high frquency
hydrocarbon copper clad laminate with different content and
morphology of SiO, at 10 GHz

XT L 15(a)F(b) T LAE  fEAH R & & 8, A
T¥ S0, 45 78 I Bk &0 i SRR 1R A FL i 80R Ay Jo 407 6
DR 035 w5 1 BRI Si0, 35 78 1) B & e AR, 3L 72 4
HORH R B0 0w T 60% I, M 7% Si0, 3 78 i A
ST ) DAREE T BRIE Si0, 3H 78 1 5k A i AT AR 2Rl
Tt X T EA A SO, A A BRI LR
S, 5540 I 2 ) 4 T AR, 4 I PN B AL R R A A
T AR B8 1 LA 38 0, 5 B0 AR 1) D DK S T AE
EE 7R R M IE Si0, 5 A Wl o i FL B R AN 2% R
R38N 7 A R HEARIE I RE . &5 T, i Y
(1) Si0, 75 & 6F Bk & =y R Dy~ D, ) i 45 48 G EL 2L
1325 T IC V8 ) 0 1 I T 2 sk, N TR FIE R AN
5E 455 e 24 BRBLARAA 1) 52 ), A 49 Al v AR R
FE RS 8B T WAORRRE BRI D Do



110 A2 R

2025,58(7)

2.3.8  AN[AEE TR Si0, 0 Bk S SR AN g
7 2 FL S R R
g S v AR P 8 g o 3 e T R R
FE J5 Rl B R A0 R R TR AT K. S PR I CCL
LR S i R R 5 DR I AT BB D 7 e i K A
TR, A R JE 3 Si0, il B & 59 b bR AE
288 CHR BRI P HEAT IR TR B, S5 R R 1R
AT DUA Y, s SO 5 RE g IF 8] 225 7E 30 min PA
EL AT ESR, R R IR . Xl
VAR T T ¥ TRV 1 4 B0 2 R I IR B AE e 2% A
B e A A T DR R R 5 A 5 AT 5 SR RS VL
) A, HLAE & BRI RIS 00, =5 AR
SER NS S T AR R ARSI 1]
®1 TREIEE R SIO/MRES SRR AR 1K
Table 1 Thermal stress test results of SiO,/high frequency
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