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Effect of Laminated Cushion on Properties of PTFE Dielectric Substrate
Guo Xiaoguang,Jia Qianqgian, Zhang Lixin, Jin Xia, Li Qiang
(The 46th Research Institute of China Electronics Technology Group Corporation, Tianjin 300220, China)

Abstract : The laminated cushion plays a very important role in the vacuum lamination of short glass fiber (GF) and ceramic
powder reinforced polytetrafluoroethylene (PTFE) dielectric substrate. The cushions of 1,2,4 mm and 6 mm in thickness, GF and
ceramic fiber in materials were used to study their effects on the thickness and dielectric uniformity of PTFE dielectric substrate. The
temperature and pressure uniformity of dielectric substrates laminated with different cushions were characterized by material
temperature line test, lead strip test and pressure sensitive paper test. The influence mechanism of substrate thickness and dielectric
uniformity was analyzed. The results show that the hardness of ceramic fiber is higher than that of GF, and the cushion made of
ceramic fiber has the best effect on pressure buffering and temperature conduction. When the thickness of the cushion is too thin, it
cann’ t have a good cushioning effect. When the thickness is too thick, it leads to the deterioration of the uniformity of temperature
and pressure. Finally, the ceramic fiber cushion with a thickness of 4 mm is obtained as the cushion with the best performance.
Under this condition, the average material temperature during lamination is 379°C, the range is 4.91°C, the average thickness of the
substrate is 0.51 mm, the range is 0.035 mm. The dielectric constant is 2.942 6 with the range of 0.025, which ensures that the
performance of the microwave dielectric substrate meets the requirements.

Keywords : cushion ; polytetrafluoroethylene ; dielectric substrate ; thickness ; dielectric constant ; pressure-sensitive

paper

BEE T BEARM KR, 200 P& ngE Dk W, HA iR O A f iR B SRR
(IR ) E A m Ay O SR AR RS P, AR RS A AR & BT h RN A A R
RRRE AP 2 S = S A TR . RIUsE OB {HUE PTFE AN TMEEE , itk ag i 2=, #4
CHE(PTFEYVA B b ot T H B APEREIE S 1 Bk R BOKR™ Y, 75 B4 P A BE 38 41 4 (GF) ¥ 5%

BIEMEE : DU, SR, W, F2WF5E )5 10 PTRE JEA 5 A BUEEAR MR e pT A

WeFs BHA: 2022-10-26

BRI RO, BIHH IR, 45 R RS WA PTRE A B et M RE OS2I [J]. T ARSI T ,2022,50(12): 118-123.
Guo Xiaoguang,Jia Qiangian, Zhang Lixin, et al. Effect of laminated cushion on properties of PTFE dielectric substrate[J]. Engineering Plas-
tics Application,2022,50(12): 118-123.



TG, 45 )2 H 2 X PTRE A BUREAR PERE 1952 1R 119

WAk $E v RS R 1 L I A B ey Sfe 1 1 HE
A-ELPERE Y, PTFE Aot AR (144 5 )22 2 1 PTFE
Wi 5 49 1 GF 4 8 JEE 38 50 — B0 v, R
B2 R R LA T AUR R R , 25 B 2 &
I BN R, T R 6 ) PTFE A B 564,
WAIBLR IR RE X 5] N 25 /N

A5 2 FEHUR F T A 77 i i ok 2 A A i 2
M i EER A", fEESS R R R, o DB &
25 SRV 2 ), 3 2 Y0 6 TR AR A i 380 R 7~
PR 28R AR B AT Sk i, 7E
— R WA MU AR A 52 AR T
i B e —ie.

PTFE 4 it S A 1) B 25 J2 e 2 1 PTFE 934
A R NS R Bl S R R B S A O
5V TET PR TR RG22 R R . AR 1 R
JEE ¥ S Ve L IO 2 AL IR A 3 )bk
T A SR AT L axk A R A A T ) =R A o, 1
JE 35957 ) 5 i fn TSP | R R AR AR
A TATE SRR B EME, BRILZINA 52T
(P 0 5% A R 2 R R A O, B, Bt
J GF FIFg 2 by 85 PTFE A AR, HOA 2 TR IR
FET W T ESHAHE , MR 2 RS vp R a Fh 28
FEEE T 1 FE o

BEH AT WIHE T GF 1P £F 4 W FhoAS ] S i
() 2% M PTFE A o 3 J5 F RN A L 240 5T 1 1) 5%
Wi, 4347 T S AL B A5 B e R 1Y) 2% rh S R AN
JEL A
1 LIERS
1.1 E=ZRM#

J GF P 2 by 83 PTFE A= 5L 2 E 15

G b GF PP B £F 4 5 R 1,2, 4 mm Al 6
mm, GG B ERHE A PR A

B : SUS4A20, WV LARF I A FRAF

BHELZE : GG-K-30-SLE %, 3 [F omega /A Fl 5

B 2% .3 mm, INZR MRS R S A R A 5

JEEAC: LLW, H AR & iS4t
1.2 EENERLE

T3 R :293-240-30 Y, H AR = F 07

D 28 43 BT A BT R e L : E8358A Y, 56
Agi]ent{/_\\ﬁl;

B2 R ML VLP-260 %, v [ 45 1855 A AL 2%
ARG FRA T

1.3 XA &

VLG GF FIBE %2 0y 3955 1Y) PTFE A= 3% Bk J5 b
Bl BRI AR (R np RO Y,
o A A RS s FERF IR AL E I AT 2 )28 )2
SR e 2 b To A A i RD 4R e 52 e 4 0K R &2
RGN R RS2
J i b AR T I oK S G A M A A A i 3]
X, HERN )2 EALN R, 2 7 i A 15 3
R E AN TR, B2 A 1R, Ll
I TR,

(I

| | ZEupa
LTk }—:P'I‘FEE%J-T
| | GEnhi

[
1 PTFEA Bt & B4R A
#1 PTFE N REMBEFXKIZITHR

TR 7 ph AR MR YR /mm
45 1 GF # 1
45t2 GF # 2
45193 GF 4 4
ZER 4 GF 6
55195 Pl 5 2T A4 1
25K 6 Pl s 2T e 2
5597 Pl 5 2T A4 4
25K 8 Pl 2 2T At 6

1.4 HREmsX 5 £ AE

A JoE AR SR E < R FAS %5 T 43 R, ik
18 e <24 Jo~J T ARG [l N 96 A~ sl YRR B, DA R
JE AT Y800 JE B A, DA KA AR/ ME Y
2R EEE 2

A B SEAR A A FLMERE < R 8 43 A BE &y
ARZR I3 e HLXTRE S AE X ik B (8~12 GHz) YU Bl #E4 T
W 3K 18 B~ =24 T~ [ AR Rl 4 24 A A
AT HLE AL, DA BB B AR 8O A FU R 5
WA, DA KA AR/ IME R 25 A FL R EO 22 .

JZEMLE IR BE ¥ 200 R FRHR 2Ok, 78
18 B ~f <24 B F TR B PN, 3K 24 > 55007 1) 3
JE, DA A SRS S 85 T B P, DU RN
/MBI 25 R I IR 25

JZ ML R 15501 R P RR 7 3R A . 26
— P2 3 mm ARSI K SRR TR ]
Tt )2 R A7, 76 18 F ] x 24 Fef T AE I P, I
2440 S5 R SR BT AR R B, DU A 3 3R 4



120 AR

2022,55 50 4,55 12 1)

7 0B, M 25 30 7 I 19 - B b 5 5 R R
FRAR K A 3 B AR R AR [R] B 2 R AR
Z 8] R R )R AT e — B ), DUBR 4R
(4] J08. €8, 357 5 i B ok ) W A 80 T R 3 L P 4 R T 3
51k
2 HBR5ITE
2.1 ey Fr kA B E 2 PTFE A A4 3 B
A

S 46 vk PTFE A& 5 19 & B2 Y9 {E 8 0.635
mm, H% 2£<0.050 mm, 5] R i, 75— MR
VAL SR, i T PTFE S Rl & 2E — EFRE K
JEERE Wi, J2 5 i Ry PTFE v B Kb H bp JE 14
B4 0.508 mm, #2588/ NG . T2 A 2SI
JEEREAN[R] % i 7 118 28 P st R B 45 AN AH ], PR Ik 3k
A 1 JE B A RN 25 B4 AN TR

P12 Ry AN [R) 2 ip 8 o 24 S B2 X PTFE A7 Jo ik
M JEERE s . DAL 2a JEEBE A (E AR AR 35 L P
B L U 27 AR B A AR P JEE R A (B AR, P
2% Pl R T A8 R 1) 5L A A B A 0% v R R Y
B A, 244 4 mm P e 2T 4E S8 R 6 mm
GF 2% vl i}, He bl (9 2 B2 B8 5 B bR JE B 0.508
mm 5 I . AR 2b JEBEAR 22 AR LA A S P
B LT Y AT 5 BRI JEE R A 2 B 2 i A JE R 1 1

0.52f

—u— [T YE A
¥;
0'517 —O—GF;&
E
= 050
-\H?
i0.49)
%
ﬁ 0.48]
0.47)
T 2 3 4 5 6
2% PP FE /mm
(a)
0.075
i R
0.070 | —o— GF#u
£ 0.065)
& L
5 0.060
= 0.055)
i L
2 o050
= 0045}
= o040
0.035 |
00— %34 5 %
2% AR /mm
(b)
a— R R bR

2 ANIF] GRS FIEE BEXT PTEE 4 JST AR 5 BE A 52 )

TS T B F T, 17 GF i) A8 () Jo A 5 % 25 )
SR N R SR R AR 220 T R
YoM A 2B INER AT, PR, P £ A AR ) e AR
&M 4 mm, 1] 6 mm GF 3 H 22 (KSR KT P %
A7
2.2 LA K Ao B AT PTFE A~ A M-8
EXR DA

PTFE 4 i H AR 14 7 4 #4 ot 2 vfr , PTFE W) i
RAEREEL, AR R BURA, AL A S
K, 8 LR B R A SR I R A
RENT, 07 ph R B B ORI R e AR AR AR 5
Jit AE PTRE AE 56 B B9 F 38 501 sX R/ i
Ak R THOULZE A4 v %) LTI 45 G TR, 2 ILLE 23 0
PERE - E R A AL B L EOR[A]

(&1 3 2 2% B A S R BE X6 PTFE 47 ot S Al /i
HLH B . DA 3a Ay LB B E AR L A A
th, B R AT 4 07 v 5 B B AR 1 A v RO (E
#B/INT GF 22 w4k i, RN 2% np il £ JE Al i A
HL B B (B 34 Bt R 2 o R B 3G I R R, Al
H 4 mm B % 27 4E 5% phHOF1 6 mm GF 2% ph i, g
M A H o BOAME S B AR/ H w4 2.94 o B2k .
MIE] 3b JEEEEAR 22 A8k a3, B 21 Ak 4 o 25
A B A R B IO 2 B 2% 4 L 5 1 14 i I oA

3.00 A
—o— GF#

HAR A LR RO
r

292}
290}
I 2 3 4 5 6

G2 R /mm
(a)

0.09- e PR AR
—0— 4

0.08} GFit

S v RO 2
5

I 2 3 4 5 6
2% WHRELIE fmm
(b)
a— LR RO s b— A LR R 2=

&3 SRS AE Xt PTFE A A A H 3 B 5



TG, 45 )2 H 2 X PTRE A BUREAR PERE 1952 1R 121

- TF, T GF i i B AR A L RO 2 W) 2
TRER R R R ERR T AR
BT 5 1 W 25 0 INE T, DRI, P 8 2T A 4R 1) B
FEIEEE R 4 mm, MIAS[R] S BE GF #3254 5l i 22
{EL AR T W) e 2T A il 45 O ARE i o
2.3 HomALE M

o R LS 2 R A G2 ph R R T AME R R
HLHEASEAT (5 il G e ) AN 2 5 R AR
HNTBEE A", vo TR FH %) 28 v A Jo— gt ot FH i
I P GF, S BT A ZFL I 25 A5 0, R
Wi o 1 24 o, GF PR 22 B 3 3, BTSN & i)
T, 36 A PTFE A A 1 il s o 225 . i F
TCHLEF AL MR IL T2 JE AR, 2 s 8 i A
SFEU )22 BRI RO S T B — g i ]
BHE A REA BB BRI . 5 MNRE R T35
P 7 T8 43 M AS TRV R PSRN B B2 119 2% ih 4435 PTFE 4
J AR A S M LB

()R SIHE

TEZ IR SR ¥ R AILTE S TR 2 380°C f#
T 1 h, U 24 A A AT B 95 9% v A R 2 N
JEE 8 X 45 i A7 ek Y A 25 B s, &5 S an &
4 FTR o TR PE MG 380°C , IR 22 /0N, 1t
FIZZ ph i AR AT . R 4a B 1 B 22 0
L R38N, TR RE SR T, DA % nl kR

/27 —— MR LF et
—o— GF#f

380
378
376 -
374 -

TR {E /°C

372 -

370 -

2 3 4 s
G vh R /mm
(a)

R
—o0— GF—J‘é

IR 22 /°C

I 2 3 4 5 6
G WP HYELEE /mm
(b)
a— il EI{E s b—IR I 22
B4 2% R AR R X J2 A LR 15 M)

380°C. [fii 2 mm Fll 4 mm (%) P & £F 4E 4 H1 2 mm 1Y
GF 2% ph #0453 21 /) I B 396 5 380°C e Wi . #H
&l 4b 75 H | ek A 2 Bt o T IS 07 i JEE B g 48 o i
FhiEr 32 5 2% ph R i B POV A G, AN fig
Pl e SUNAOES 2L 15

Q)FES1 51k

55— T, >R FH S 5 2R M JEE B 3R AE

T ¥ EMLUE 7 2 PTFE /i it JE AR
A2 5 S 10 MPa, 815 1 h, 32 24 4 S A R R 4%
RN JEERE  WIFI 5% 1o S Fr T 218 T I X A 4% T2 B i
FZRYFENR , 25 B AN K S s o B AR IRER TR h
3.0 mm, M ZJER, JBETEE 1S mm A G . HE
SadE B AR SRR 24 G 2% v 44 J5E 1 fg 448 o o
o, UL b G B T A AR R G v R, FEAIL
()R ) — 8 B BE L AR5 , B A% )R B A s, H:
Hh Bl e A A AR Y JEL R Y R R, U A7 TR AR T
JE LG GF 255 —26 il 8 Sb A th, B T2 R Y
HEm, PIRNGE ppAR S N SRR B 25 5 T R R T
1R, W2 A/ N, 33 U I — i JE B T % AR AT L)
SRAMIUBR 256 18 B A0 Fe 7 AN I 230 R A TR Y
GE PR MEAF T 3 8501 . Rl AT i,

B G wp AT ER AT AR R /N T

PO L pgwserean

160} —o GFH:

1.55+F

1.50 +

o 145+

b 1.40

&

= 1351
1.30 +
1.25

H{E /mm

1 2 3 4 5 6
L7 A E /mm

(a)
0.18
T
0.16 —o— GF#
0.14 -

0.12

W 24/mm

X
= 0.10 1

&

& 0081
0.06

0.04

&

o

2% WP /mm
(b)
a— ARSI s b— R AR R L 2
KI5 GRS X R AL ) B2



122 AR

2022,55 50 4,55 12 1)

GF, BRI M 3 3450 M T, A5 4 mm 1) P B 2T 4
Sl SRR 22 i A5 Y PTFE A\ i 2
i JE 5 RN A H RO SRR T B AR AR A

S5, R FIBE AR R A 7 SRR

MR YL PTFE A 3k | FL R A 2 L, 78
FEWN THE 2R S 10 MPa ity 435 7 U, 8
FEAR Y €0 35 27 P ] A3 PTFE AR 3k F 10 3% 34 5)
PEG O o U7 B4 FI T 2R J2 R ALA R0 i R 1Rl
PR 3 B A A3, DTG 24 J2 T S 6 R — o 1998
Fo BHEERE TREYEEMSGZRN 2 mm 4
mm A P 5 2T 4E 4 2 mm Y GF 25 th 3 b 1 18R 48
SEHG WK 6 s . KL 6 Y, = Fh 28 rh i ik (2
P57 M4 A TR, Forb 4 mm i 8 2T 4 3 1) J8% R 4%
B ERCRAE T 5], A ROE RN ER T e, X
FE ST 5] —B0 M 53 AN RPN phodn i RS
R, R8RS 385) i R EEOR M 2k R ) i
1%, Toi i A B A BT I R T, X 1A )2
JEHMLAY FE 70 i fE PTFE v i B dl b B AR 4]
(4, DRl I 2 3ot RS B A FEL R RO SR R Ak 25
e PR 4 mm P B AT 4R 2% mh AR S PTFE A T 3 Al
it FH A 2 v

ZEG VA b S AN TR 2% wh s S R R AR R

L e
(c)
a—2 mm PELT 4 b—4 mm PE L 4EH; ¢—2 mm 1) GF 3
6 SRR OZ ph R R R AR5

JEE AN v 24 ) M 52 R 2 T T T AR R v
T GF , ol & 1) 52 0] 1T 3 A9 2 i Rt 2 ) % 5
RORIUS o 2 AR L S i e AN 3 22 ) 2%
R P SRR 2 S B B R TR ) A B A PR
2o AR ERALA G bR O 4 mm J5E R Y
PHEE LT AE Sz it AEET RN 379°C, 1)
2% 4.91°C , FE MRS L {2 0.51 mm, % 22 0.035
mm, 4 B H N 2.942 6, 40 BLUH BN 22 0.025 , fHIE
Tl A AR O PEREAT 5 20K
3 Hig
WFFE T AR S FIRR S 22 vh 48X PTFE 41 Jot
SRS A A ST PER B . S5 5R)  Fay e T
2 2 1 22 vl T g ) B2 e R R 9 45 S ROR
T GF & By e vhd o e E T T, 24 5% w4k 5
JE LN AN BN 2 Y HOR | B A TR, 2
O AT R 2R 25 ol HTJSERE ) 4 mm B
B %s 21 4 22 vh E s, ORL IR 25 O 379°C , e 22
4.91°C, FEHRJZ B £ {5 4 0.51 mm, % 2 0.035 mm,
I HLH R 2.942 6, 40 BUH BN 22 0,025, SRR
I BEER I PERERT 5 205K
S E 30k
[1] k5. 3T 5GIlfF A PTFE B S0 i AT [D]. B & Tk
2£,2020.
Zhang Yong. Study on PTFE based high frequency copper clad
laminate applied in 5G communication[D]. Nanjing: Nanjing
University, 2020.
[2] ZEW AR AR XA A5 | U S A 7 A A A L 0. v
5:1%€,2018,18(6):1-25.
Li Miao, Zou lJiajia, Liu Jianjun, et al. Overview of the develop-
ment of PTFE copper clad laminate[J]. Electronics & Packaging,
2018,18(6):1-25.
[3] AL SRVU G AR EE S A R ARl 4 S MERERIF ST (D). HEPR
PRELT R##,2022.
Tan Youhong. Preparation and properties of PTFE based high fre-
quency copper clad laminate[D]. Chongqing: Chongqing University
of Technology ,2022.
[4] AU . B HUR PUIR 245 Rkt 28 (7], BN L B4 L, 2012(7):
15-43.
Peng Daixin. High frequency PTFE introduction[J]. Printed Circuit
Information,2012(7):15-43.
[5] BHAGME M5, 2R, 45 25 O BR K B 78 PTFE L8 & Sl
il g S AEREL]. LT IClE AR, 2021,40(1):19-23.
Jia Qiangian, Lai Zhanping, Li Qiang, et al. Preparation and proper-
ties of PTFE based composite laminates filled by hollow sphere ce-

ramic powders[J]. Electronics Components and Materials, 2021, 40

(1):19-23.



BRIP4 L J2 28 shEXS PTFE A AP RE RS0

123

[6]

(7

[8]

[9]

[10]

[11]

[12]

EF, &6, IR, S AT B9 IS A1 4 #22 S G PTFE
I AR MERET]. A MR TR, 2020(8):107-112.
Wang Junshan, Jin Xia, Jia Qiangian, et al. Length control of ultra-
thin glass fiber and their merchanical properties of PTFE based
composite materials[J]. Composite Materials Science and Engineer-
ing,2020(8):107-112.
PG, SKSLIK, 4, % TiO K8 Xt PTFE 382 A1 R s
FERIMACR B2 [T]. T oCr 58,2019, 38(6):42-49.
Jia Qiangian, Zhang Lixin, Jin Xia, et al. Effect of TiO, particle
size on dielectric loss and water adsorption of PTFE-based compos-
ites[J]. Electronics Components and Materials,2019,38(6):42-49.
VT, R, RIS BREE T 2% Si0,-TiO,/PTFE & A 414}
PERBISZMAL]. TR 5401, 2014, 36(2):270-274.
Yan Xiangyu, Yuan Ying, Wu Kaituo, et al. Influences of sintering
process on the properties of SiO,-TiO,/PTFE composites[J]. Piezo-
electrics and Acoustooptics,2014,36(2):270-274.
TREHE. AT PTFE () PCB 1 2 )2 2 FE 071 [J]. BNl B A5 8,
2006(3):49-54.
Ding Zhilian. Multilayer lamination methods for PTFE-based PCBS
[1]. Printed Circuit Information,2006(3):49-54.
AR R0, LRI, 5 R 2 2 PTFE MR & HOR
WL (1] LT L ZHAR,2019,40(2):109-124.
Dai Yinhai, Zhu Zhonghan, Shen Yuefeng, et al. Study on multi-
layer lamination of microwave PTFE composite material[J]. Elec-
tronics Process Technology,2019,40(2):109-124.
SKFNAE ARBT R NI Be PCB Y He & 8 2 [J]. BN e 05 L
2013(5):56-61.
Zhang Lihua, Xu Ming. Rigid flex PCB lamination bonding im-
provement[J]. Printed Circuit Information,2013(5):56-61.
R R, R0 AR, A 2 AN BB AT A R SR DU L
I S G A B A HERERZ R[], W0 T oC S 4K, 2018, 37(7):

[13]

[14]

[15]

[16]

[17]

63-68.

Tan Bingliang, Yuan Ying, Jiang Zehua, et al. Effects of laminated
construction on properties of glass fiber reinforced polytetrafluoro-
ethylene composite substrates[J]. Electronic Components and Ma-
terials,2018,37(7):63-68.

JEIE D XU, R4 AR X PTFE JE & & A 25 M HERE I 32
1], HFIefk 54k, 2001, 20(4):1-48.

Zhou Hongqing, Liu Min, Wang Xiaojun. The effect of heat press
on the structure and properties of PTFE-based composites[J]. Elec-
tronic Components and Materials,2001,20(4):1-48.

FARE RN, TIEM . 58 vhi#AE PCB )= He il #e v i 1
WEFEI]. Bl LB 17 5L, 2019(6):25-28.

Guan Shuchun, Zhu Yijun, Wang Zhengkun. Application study on
the buffer material v-board in the process of PCB[J]. Printed
Circuit Information,2019(6):25-28.

E R, SRALIR, RIKE 58 T T 20 AN S A A B AR
RERSZMA]. FErE 5 7501,2017,39(1):113-115.

Wang Lijing, Zhang Lixin, Song Yongyao, et al. Effect of drying
process on the properties of microwave dielectric composite sub-
strate[J]. Piezoelectrics and Acoustooptics,2017,39(1):113—-115.
BRI, B AL B T TR EE X PTFE/SIO, &2 & R RH:
RERISZNA)]. PTG S RPRE, 2013,32(10):21-24.

Cui Yuren, Yuan Ying, Zhong Chaowei. Influences of thermoform-
ing temperature on the properties of PTFE/SiO, composites[J].
Electronic Components and Materials,2013,32(10):21-24.

Wi, R, T 1T, 55 R EEXS PTFE/GF & & JEti MEAE 1Y
FMA)]. EE 57,2016, 38(2):293-297.

Yang Xi, Yang Jun, Yu Dingding, et al. Effect of hot pressing tem-
perature on the properties of polytetrafluoroethylene(PTFE)/wo-
ven glass fiber(GF) microwave composites substrate[J]. Piezoelec-

trics and Acoustooptics,2016,38(2):293-297.



