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=8: Z]9ddoe|Z[PPE, poly (phenylene ether) & 71A5A|Z2 ARESAL, 7FAlZ N N'—m—phenylene—
dimaleimide (PDMD), W<A4]E decabromodiphenylethanes #7Fste] 182} 7|88 Azl on, 71wA| e}
QAAPE 71 A L] F57 5 B B miAE 93 1FSISltE AAAIL] fell whE PDMIS] 4743}
EAS DSCE olgslo] BAslglon, o]2 ulgko 2 PPE-PDMI HIAE 2448 AARISIL B3E AES I8 3
HZ A & 137MEEso] BAE 713e Aldska, PDMISH HdAe] dhagol e 438, -85, peel %
= g 9 dadS st e e Ae PDMISH HelAle] dekl wie)l tiAl R Stk AES U
Effgl ot o e dadS e AakE YERASITE Peel %= PDMIZ} 10 wt% o3 379 1 kN/m
olde] =2 ks YERISIAIRE dAA|e] H7Fk webrs 4% hashe A3 BAlth Gel content SZAE
¥, PPE-PDMI®] Wk w75 semi—IPN 32| EAdH U= PPE?} PDMIC] crosslinking®l 23 W+
% GAol o] 7Pk Aoz wkE et HEH o7 1 GHzolld ffo] 252~2.65, f-:42410] 0.002 mlwke &
A2 373 g Al E3A ZiaAE s 5 Sl

Abstract: Polymer substrates were fabricated by using poly (phenylene ether) as a base resin, NN'—
m—phenylenedimaleimide PDMI) as a crosslinking agent and decabromodiphenylethane as a flame
retardant. The effects of crosslinking agent and flame retardant on physical properties such as dielectric
property of the substrate were investigated. Thermal curing feature of PDMI with or without an initiator
was analyzed by DSC, and then, PPE—PDMI test compositions were designed based on this result.
Composite sheets were cast by film coater, laminated under vacuum and pressure, and then, the changes
of dielectric constant, dielectric loss, peel strength, solder heat resistance and inflammability according
to increasing amount of PDMI and flame retardant were evaluated. Dielectric constant and dielectric
loss showed increasing trend with increasing amount of PDMI and flame retardant, but solder heat
resistance and inflammability were improved. Peel strength was obtained higher than 1 kN/m when
PDMI above 10 wt% was added, but slightly decreased as the amount of flame retardant increased.
From the measured gel contents, the reaction mechanism of PPE—PDMI system was deduced to the
formation of network structure by crosslinking PDMI with PPE rather than the formation of semi—IPN
structure. In conclusion, the polymer composite substrate materials with dielectric constant of 2.52~
2.65 and dielectric loss below 0.002 at 1 GHz were obtained and they will be proper for high frequency
applications.

Keywords: poly (phenylene ether), dielectric loss, dielectric constant, crosslinking, gel content.
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A% (ay) = KX (£0) xEr*xtand (1)
K : constant

f frequency

¢ - light speed

Er : relative permittivity of substrate
tand : dielectric loss of substrate
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Aok 2 2. 97143 PPE 412+ GE PlasticsAF] Noryl
IC7804 F-Jato] ARgalQitt. IC780 4= Zu|AE]dlo] Ak &
Ay WA PPE FAo|t} 7tuA|EE NN'—m—phenylene—
dimaleimide (Sartomer SR525, ©|3} PDMIZ 7)) & 7418l0] A}
Faelt}. IIAZE d7kH 2R —aks $19HE]] Saytex 8010
(Albemarle Co.)S Fsto] ARSI WAZAZ= I es)sh
AF2] antimony trioxide (ShyOs) Aloke: ARESIITE ZIAAIR 1,3~
bis (tert—butylperoxyisopropyl) benzene (“43%3: Perbutyl P,
Nippon Oil & Fats Co.) & ©]83I8lth. Figure 1¢| PPE 5]} 7}
A, FAA|, © WAL el 22 UeRigich B34 8
< Azl flste] SARE Abdeeke] ERAS o] 43Itk

PDMI2} FHAIMIS] HES. 7)AJA| (Perbutyl P) o] -l tk& PDMI
o] Zsbkg o5 dohiy] flsto], DSCE ol 8- diils AAl
aiitt ZHAIA] Z3A] PDMIZIAIAL 538015 20/1% 3to] B7)st
ek 574717]12% Netzsch k] STA 409PG TG-DSC #x1=
olgslglon, £4% 5 T/ming 37] ol S4sI8ich

£X| 28 ZE HZE 1A IC780 FAIE Bl o 54
OF A FE 25 wt% &9o] H=E Hslqltt o] g7} PDMI,
TIAA H JRAA, dAZA] 58 E31610] HAIE AlZS1L comma
roll coaterE 0185141 PET carrier L& $lofl I3, 781 4] &
A BES AL A4 FAAS T o FES AL
SR, FE HE Foll IC780 %12} PDMI2] 8l&kn]7} 80/20,
85/15, 90/10, 95/57}F W= wi§ldke s3Itk ZixAle] S
2 PDMI 100 wt% tH] 5 wt%7} GAEES 243510 7181
th gk, IC780 A9} PDMIC] $HanlE 90/10% 317dstal, &
Z 7)Aol ddA) (Saytex 8010) 2] dFgo] 5, 10, 20 vol% 7}

E5 dAAle] ArlRe Seivia AES AlReeich Gz

Br, Br Br, Br
Br CH,CH, Br
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Figure 1. Structures of (a) poly (phenylene ether); (b) NN=m—
phenylenedimaleimide; (c¢) decabromodiphenylethane; (d) 1,3—
bis (tert—butylperoxyisopropyl) benzene.
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Figure 2. Lamination conditions in vacuum laminator.
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Figure 3. DSC thermograms of PDMI; with or without Perbutyl P.
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Figure 4. Dielectric properties of PDMI/PPE composites
function of PDMI content.
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T438] AA 15 wt% oV 7= A2 100%°) 7Pk #ks Y

Table 1. Peel Strength Test Results of PDMI/PPE Composite

Average load (N)
(extension: 30—60 mm)

PDMI content

5 wt% 4.90
10 wt% 13.69
15 wt% 12.80
20 wt% 11.80

Width of Cu strip=10 mm.
Table 2. Solder Floating Test Results of PDMI/PPE Composite
Substrate

PDMI content 5wt% 10 wt% 15 wt% 20 wt%
As—laminated substrate X X X O
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ERpISIE o] ATE o] 2] Alopdlo|ECAE/PPEAIS] Ao} v]m
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A 90%l 717H8- gel contentE YERfE= 5 593 H7A
SFolld dds] 2 gel contentE Holal Sirk

o]z PDMIE 7k 0= ARA, semi—IPN 7325 34JsH=
AopdlolEclAE ol M g, PPE AR} Tl d ke ol 33}
Qo] "PTEE FAs] Wl Blo®E e 4= Stk PPEVE &
#u)= T8l (xylene) ol thated, thefddtel 2al 33k =7}
PE PPEx 243 Tt 574 ¢a drle ulédl 5495 7t
AA # Ao ket o]9} FAReE o ZA, Mitomo 5> TAIC
(triallyl isocyanurate), TMPTA (trimethylolpropane triacrylate)
o= ARSI poly (Z—-lactic acid) [PLLA] 9] oFst & oFdAd-S- 71
A= A AYE WSl o, E3] TAICH 2J3t gel fraction®]
Z719) A YA SRS PPLASH TAIC] crosslinking 7-5%%
AaIich”
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Figure 5. Gel contents of PDMI/PPE composites.
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Figure 6. Dielectric properties of PDMI/PPE composites as a
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Table 3. Peel Strength Results of PDMI/PPE Composites Including
Flame Retardant

Content of Average load(N)
flame retardant (extension: 30—60 mm)
0 vol% 13.69
5 vol% 12.54
10 vol% 12.42
20 vol% 10.76
Width of Cu strip=10 mm.
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Figure 7. Gel contents of PDMI/PPE composites including flame
retardant.

A5l digh 7twA] B AR ] JF 43

Table 4. Solder Floating & Burning Test Results of PDMI/PPE Com-
posite Substrate Including Flame Retardant(FR)

FR content 0vol% 5vol% 10 vol% 20 vol%
As—laminated substrate X X X X
Re—cured(210 T, 1 hr, dry oven) A o) 0 6]
Inflammability XX 00 00 00

X, Distortion or failure; 2\, Slight change; O, No change; XX, Burned; OO,
Immediately extinguished.
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