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Preparation and properties of high thermal conductivity PTFE copper-clad laminates with multiple fillers
GAO Shujian, FENG Chunming, WU Cong, QIAO Yunhao
(The 46th Research Institute of CETC, Tianjin 300220, China)

Abstract : In the fields of high-frequency and high-power electronic devices, the thermal conductivity of copper-clad laminates
is a key evaluation indicator for measuring the heat dissipation capacity of electronic circuits. In order to meet the multiple require-
ments of the copper-clad laminates, including precisely controllable dielectric constant, excellent thermal conductivity, and stable
processing performance, the effects of the mixed filling of three different types of ceramic powders (Al,O, with large particle size
and high thermal conductivity, SiO, with medium particle size and low dielectric constant, and BaTiO, with small particle size and
high dielectric constant) on the thermal conductivity, dielectric properties, mechanical properties and drilling performance of glass
fiber cloth reinforced polytetrafluoroethylene (PTFE) resin based copper-clad laminates were deeply investigated. By systematically
designing the filler ratio and optimizing the preparation process, the interface characteristics between the filler and resin were effec-
tively controlled, and an efficient thermal conductivity pathway was successfully formed in the composite, achieving precise control
of the dielectric constant of the copper-clad laminates. The research results show that when the compounding scheme consisting of
60 wt% Al,O, with large particle size, 35 wt% SiO, with medium particle size, and 5 wt% BaTiO, with small particle size is adopted
in the filler system, the thermal conductivity of the obtained copper-clad laminate reaches 1.15 W/(m-K), and the dielectric constant
is 3.511 (within the required range of 3.50+0.05), accurately achieving the design goals. This material exhibits low dielectric loss
(0.001 5), good peel strength (0.85 N/mm), and low water absorption (0.041%), with excellent processability, which provides refer-
ence for the development of the copper-clad laminates with high-performance and high thermal conductivity in fields such as milli-
meter wave communication.

Keywords : copper-clad laminate ; polytetrafluoroethylene ; filler compound filling ; high thermal conductivity ; dielectric

property ; process optimization

BIEMEE S, RN, B 7 10w T R S AR T &

YR B 2026-02-25

S A ARG, AR R, A . SR 5 S A PTFE BURAR (1 i 4 S5 MR D). TRERHA L 2026, 54(5):207-213.
GAO Shujian, FENG Chunming, WU Cong, et al. Preparation and properties of high thermal conductivity PTFE copper-clad laminates with
multiple fillers[J]. Engineering Plastics Application,2026,54(5):207-213.



208 AR

2026 4E, 45 54 455 5 1)

Bl % SG A T | i v Ak B2 K Ty 3 T 1B A Y
PRTH K e e AT e o A PR R U, X TR
()38 S TR | )R B RN B R TR AR A 1Y
BRI 2 K (PTFE) IR H [ A AR A H,
BRI AR A FASURE , 5 2 TA A o 0 7 A 1 2
FUILRW AR . VBN H T & h R A 4 2 A S %
BB, PTFE B A () S A PERE B4 pe 2 T L7
% O BRI RN T A AT S8 M | A% G0 ABE2F A 4 o
PTFE B g il £ 119 7 4 pl , FL AR5 503 o 1K [0.2~
0.4 W/(m-K)], To72 i J& w5 U) % i - 25 R L
KO BRI, FE A S R RO S L P RE RS
A HLHBORIIR A HLA5TFE) Y PTFE 2 A A £ A 24 i
L ARSI A A S S 2 —

R T R B A AR 15 B RE L 38 1) PTEE
FIA B S R Bl b RS R R I
BHAALES (AIN)  E AL AR (ALO,) A AL B (BN) %5 ) %2
FURL PLHA P S 3 AR (E S — 1 P bR
FEIATE L AR HP 2 5 T R 1 A TR AR, FLIA e 2%
FEA B e LUTE i 25 ) S 3R 2 . b, SEURE Y
A 5| AT B8 23 X 7 4 A %) i T R AN 5
M), AR A LB R T, S LR R R 34
FLPH R B A5 (. PRI, B —JEDRMAR 22 A FE M
DA [) e SHE B30 e S 0 T A R B A B R ey ]
TR, Xt BRI R N A R A e
— PR R S IR R RS B T R R G %
HA B R R B PR 2R 22 R EORL B[R] FH Y ]
REMES

Pan 5] Fi] AR BN 5 AIN ks 3 [] 36 76
PTFE, X4 S UKL 2 050k 30% I, &4 bR 34
FHGKF] 1.04 W/(m-K), H AIN B0 F S AR
JR BN B ] B AR T B g Y R R 4R T
H T4l A B 53 5 3k 4 v 7 — oo ek R G, 0
AR BT T3 1E— A3 5o R 408 s EURDRLAR
B L B 5 R 3R T R FL PR RE RN TR B, Tk
SEU AR PERE B P RS R . SEF L,
AR GE 2 30R F = A [ 4 B oy 1 A2 B B 5
e LR, Sl AN [RR AR L2 EL A
T A BEARLARHERE LU IR SR LA A/ AR
BHE AR TR AR IR 2 [ B B % 454 , AT 26 AH
() SRR 0 AR A S0 I B R 11 M R A R 3 4
) TP I, AR R R T DATE RSB o
REIA B H bs 3 A f 55, A R ORI R

Al

AT LABE 7 A1 38 5k PTFE W g 5678 Hi A h i
FEXFGE, DL i A HL Bk 3.5040.05 T 5 >1.0
W/(m-K) R FE B2 B, eI =R E kA2 s
PR BN R SR —— RS i Y ALO,
AR HL B0 — AR RE(SIO,) FIZINREAR R A
BB ER R B0 (BaTiO,) , R G ik 98 H A2 e S5 e X 7
HA S A H 12 RO T AR RE R R . Xy
HREPR A T PTFE A & 0@ IR L AE DL 3, 3T
T A LR B R A /N R 2 RT [R] s 3
B e by T AR T T A RE W H bR s i
Ko AR EfIRE = B PLRIR I S 2R T
AT, B AR T T B AR IR R A
B IR AR Z P4
1 SEES
1.1 E2&RMA

PTFE ¢ 48 43 ¥ FLI - D-210C, [& 7 & 4 60%,
HACK 4 Tl ket astt

LB £F 47 - 1080, [ %% &M 46.8 g/m’”, Wi T
EAEAARAF;

TR 2 SR ALO, - BiARTE ] 20~30 wm,
LRGN EBHATIR AT

HORLAR AR A H 5 BOR0EL Si0, (Rl B Bk OE Ky
) < K423 Rl 10~20 pum, ZEBEE Ry AR A BR
NGIE

/KA R A L BIORURL BaTio, - R A% 3 il 2~
5 pm, LREGEM R AR A

TELE I : KH-570, 41 1% 98% , 1 &t Al Ak T

BhRA BRI
BB T TENER : AEO-9, 4 JF 98%, B 5 Al
AL T Bh A FRA ]

1.2 EBMNEREE

AYEEFENL : TDPPM-200L , fit 4% 3 0~3 000 1/
min, 2 FE(_ )WL RHE A FRA A

SEFC L - il A, 12953 0.5~8 m/min,
A L ST FRA R

e AL < A, o T 400 °C , 7 [
Lauffer Pressen GmbH /\ 7] ;

OGS P B AL . LEA467, 32 T BE —100~
500 °C , 7% ] i Bth A S g il 12 A PR 2 ) 5

I 2843 HTAY - N5224B, TAES % 10 MHz~
50 GHz, R ZHHERHEA PR A v 5



RR A, 55 2 BFURLE 7S 2 4 PTFE L AR A ) 46 S PE e 209

T fehr SRR AL : WDW-50, 5 KI5 /7 50 kN,
T MR iR g (A A PR A ]

1 B 445 (SEM) : SUS010 , R A% % 20~
1000 000, H A< H 37 = Ak Satt .

1.3 ol &

TN £ T2 R AL .
R 5 Ty, BARIR .

1.3.1  ALACGE i

() SFURFNE I A 1 < 85 2 T 176 P ) R Ao A 1B 741
TE LB T KRB RV G o =R IR T H )
eSSl =BT 1 s 31 IR b Dai b 1A B L% S SN il i
(14 2.5% , BEHe (IR A o BOREE BT 19 1.0%

Q)WL il < PTFE FLIK 5 48 52k 3 1h b 2 1)
P bR & o B S e ME B, & —x
FLAZ (400 pm)W T b U8 AR BNR A O . e B
W A 2 s WV b v, A5 8 2 — e AL
TR IR
132 L&

KL BB, B AR AR5 R v, T 3
LA ARSI R I T A A5 2 H bR % R A
W . H 4 R EUE B 4 m/min, 7E4LE
R =B R, IR EE IR 120,250,360 °C.
133 EE

Ve A4 [ e RSP BV R 4, SR e Bk & )2
e P AT ], A — o Y R T A (] R 2 e, B
951 PTFE 378 5 A
1.4 HgEmX

Z: 18 ASTM D5470-17, fifi F#0OE S # a#r {30l

% 18 GB/T 126361990, {8 F 2% 1 9 4% 43 B 4%
MEAA B PERE . AT 595 FE o 100 kHz~10 GHz,
FES RS R 50 mm=50 mmx 1.0 mm. J3R45 5 K
10 GHz T I L RE

Z R IPC-TM-650, fifi 17 REH7 1 MM 2558
i, 5 R 50 mm/min.

Z: 18 GIB 1651A-2017, fff 4 5 1o 80 A F )
IR,

{6 SEM XEE 758 Hil pl ¥y SEURL AT L T RT3 S
FLBE T f o 575 i MR 7 T R 5% v i T LA AR
ST I, BT TET 22 10 nm 4 S 4 b B L 76 S kV Il
HHLE TR

1.5 %SO A Bkt

M SEERAE AT R H RO 2 3.50£0.05 1T H Bk
T A RE R A B TR E e R A SO
PRI (EMT)X L J5 47 K f i a5 AL, 500 AS [+
(R R v P N - L e s T 3) B A
T BC Ty B AR He S

1A 36 5 ECRHRC FU 3 RIS, SR S B o A A
ROHUR TR BEAER AR SR T EUR R, AR
Andreassen JIURLE FUAR Y 158 = FhAS [RPRIAS SRR
I FERC . AR ) ek LR (1)

Cc=[(DID,, )" 1x100% (1)

K. N ERE %G D N BRRAR D, N
KIRLRIAR 5 g S 73 A BER

R RS 1155 AT AR R, SRl A
BRI TR ZR B 1 ¢=0.3~0.35 I 1] 3R 45 45
PN HERUR B o BU =R OB (8] (Y LE A1) (5
380K - ALO, 15 . 55%~65%, SI0, i . 30%~40%,
BaTiO, 5 [t 3%~6%. i1t i%it 6 4R R B 3
PEAT X AR08, 0 1 Pk RE A5 SO e ORI RC LL , L3R
1, o BT A OB B Ty B8 b R R T B A
PHAEMAZR ST 1 60.0%.

F1 REEREER 7R R L (RRH )

Tab. 1 Filler ratio in different filler compounding schemes (mass

fraction)
%
Samples ALO, SiO, BaTiO,
Al 50 45 5
A2 58 37 5
A3 60 35 5
A4 63 32 5
A5 68 27 5
A6 100 0 0
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Fig. 1 Dielectric constant and thermal conductivity of copper-clad lami-

nate under different filler ratios
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Fig.2 Peel strength and water adsorption of copper-clad laminate

under different filler ratios
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Fig. 3 SEM images of fillers distribution in copper-clad laminate with
A3 formula
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Tab. 2 Effects of different mixing processes

Process conditions Ml(tnii;g?; . Mixing time/min Vacuum degassing Filler ?ﬁiﬁimnon Ther[r&?% (c;:%(itll]vny/
a 1 000 30 Without 15.6 1.03
b 1 000 60 Without 13.8 1.05
c 2000 60 Without 8.3 1.12
d 2000 60 With 5.1 1.15

HI 2 AT UL, SR T2 d RS b 25 M AR RHAY
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Tab.3 Performances of copper-clad laminate under different laminating processes

. Max laminating
Process condition

Holding time/min ~ Laminating pressure/MPa

Thermal conductivity/ . .
ty Dielectric constant

temperature/°C [Wem-K)"]
A 360 60 4 1.05 3.478
B 360 60 8 1.13 3.485
C 370 60 8 1.15 3.511
D 380 60 8 1.12 3.529
E 370 90 8 1.15 3.517
F 370 60 12 1.16 3.516
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Tab.4 Main performances of copper-clad laminate

Typical

Technical parameters
values

Dielectric constant (10GHz) 3.51
Dielectric dissipation factor (10GHz) 0.001 5
Coefficient of thermal expansion (—55-288 °C)/(x10 *°C™") 11/13/50
Copper foil peel strength

(loz", after thermal stress)/(N+mm ") 085
Flexural strength/MPa 65
Moisture absorption/% 0.041
Volume resistivity/(M{+cm) 1.2x10°
Surface resistivity/ MQ 1.5x10"
Thermal conductivity/[W +(m+-K)™'] 1.15
Thermal decomposition temperature (5% weight loss)/°C 500

Notes: 1) loz represents the copper thickness is 35 wm.
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Fig. 4 Image of hole wall of copper-clad laminate after thermal stress
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