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& gyl outE, AT AZHAE AMSl] Ui '@slrAy(SiC) ke EHS 7z AEsIa ol FA] §)
S E5telal AskelS W BekAle] 93, 71AIA B4 el gl ARt FAs s 1 Aol
ola) E¢EL] HErl IA HopRon, HAEG AHARAAE, AN EE FUFEIT. 953 B4(TGA)S J3s)
E Ay A AZHAE 400 T oM E oFget AFS BIoy geital ojugEe 200 T F2olM %
ZHe7)h BAsle) Ao e JFS nHS Aog AuE B3k dAsEE ¥ AT o8 b A
A& AT

Abstract: The surface of nano-sized silicon carbide (SiC) was modified using oleic acid, imidazole, and silane coupling
agents, and then the effect of surface modification on the thermal and mechanical properties of epoxy/SiC composites
was investigated. At the same SiC content, the viscosity of epoxy solution was lowered noticeably by surface modifi-
cation, while the adhesive strength, storage modulus, and tensile strength increased. From the thermogravimetric analysis
(TGA) thermograms, the silane coupling agent was found to be stable at high temperature above 400 C, but oleic acid
and imidazole showed the weight loss at around 200 C, which subsequently affecting the adhesive strength at high tem-
perature. The thermal conductivity of composites containing surface-modified SiC was slightly lower than that of the
untreated SiC composites.

Keywords: silicon carbide, thermal interface materials, thermal conductivity, tensile strength, die shear strength.
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(AIN), éji]—}}ﬁ:(S@N@ WJ—(SIC) 5o AHEsk] E9A
ko] ghlkalA A= ot ol E S0, A FHst
& AWM A (thermal interface material, TIM)©= 2743}
TR GRS BAAA EHEETF 1525 WimK 55
o] A|&o] Wh=A-8 7]3kK(base plate)} L FH(heat sink)2]
el AREEo] ot A wieA o] a3 ske} vEd
szt Zle e wet wAe G wEA JEZ WA 7]
A3 AIN == BNO2 449 4-5 W/mK o] AlFol
Ao Z ARRE Y k. AfHEH =2 FHANTE
A dshtae A8 R 2 A}aﬂz 3
Ak o g vl B diEEE dEe] FHEE,
YAke] Z7)ef B2, FRA, 7l o8 FaFs W
=70 wes] e Mlety dels SAAZ RN
EAe] dAEEE =Y T AT APA ol HolA|aL 7]
AX &4 AskE Fitete] A 3Rl A-8-3k=tl A 2ol
AMe YAl BARE =S AR
2 A= Zo] g Fash, HF FHS AT vE &=
gk FQ8aith. o] S 588 =o)7] 9ls Oq @ o
TYE 7]' 1% dejitke o] Y=o FHES £t
sk Zlo] mIAoltt. mlo]A® it 1/]r‘“ g8E &
sl %Qﬂ% ‘AAIBHH mo] AR YA} Ato]ofA] %“3?‘}
YA AAFo 2N 1T BHHAE Az
T vlola EE vhe GAEA Belo) WA -3%
A

w o]x]‘_ =0 2 AlgshE He gozw H7h

=S5 £33 dAY Ev= ﬁ—y_g— T UG Ao=E XA
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.
242 242 # 917 2] GAEE 4% &

A2Th 220 e glolo] B WA ES} 7L°l 3 2
Y& AR A9 A2 oA At HHE‘“J,&CW L=
o B2 d&549 ddE YEYIE AT & I GAES
q&HoZ AT & Aok BRaEHYT

2 AFAE SiIC e YA XA = AAE
3, 4 B FRARAE AREA Qs TR A &
At FZA(0-SiC), olPIthE ¥ XA (I-SiC), Eetol| o
ZA] BF7E zhes AT ASYA(E-SIOZ MAANAS
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(thermogravimetric analysis, TGA)S %13)3}
8

N ZA] 31922 A= cycloaliphatic AIG 2] o] ZA] 4]
(Celloxide 2021P, Daicel Corporation, Japan) 65 wt%°ll 4-
methylhexahydrophthalic anhydride 73 3} (RIKACID MH,
New Japan Chemical, Japan) 32 wt%, 2,4-diamino-6-(2'-methyl-
imidazoyl)-ethyl-S-triazine isocyanurate Z7| 4] (2MA-OK, Shikoku
Chemicals, Japan) 3 wt%S Wigsle] AZ= AT Alzhe] 2
A= e Y27t 9F 50 nme] = ghslA(SiC)E HKK
Solution(Korea)oll A *S}std ARE-stTh. SiC W=7k &
Holl &4 Holeic acid) F2HA (Sigma-Aldrich, USA), o]=|th
Z(imidazole) 73 3% % A (2E4MZ-CN, Shikoku Chemicals,
Japan), o|Z&A] A gh(epoxy silane) 7= A (KBM403, Shin-
Etsu Chemical, Japan)E Z}7 =3I H2A 1.0 g2 ol
Bk 400 mLoll FHsHAl 93k -, SiC &2 100 g& 53]
Lro] HHds] Aokttt 71414 ks el - ststar
60 C7HA] 5241 /A WS 4A17FE<t Zsdsisdth.
Hhgo] TREH APYES AAFHAT)AL Hol 4R of2] ¥
A S 5, 90 CollA] 12417k 59t A=A H T 22218Y &

H](EXAKT 80F, EXAKT Technologies, Germany)S- A}&-3}¢]
e SiC ZEE oFA] sighEe] 224 #2020 $, 175 C
2 A" -m_°ﬂ’\1 6035t ZASIAIZATH

A ZA]/SIC EFEL] =5 AHR7] 918 Brookfield &
A A=A (DV2T USA)E AHEEIIT. 29159 3 &5
0.1 rpmelA 10 rppm7HA] WSIAIA 7hH SA8150TE 9 A
Z¥ e Sice] €4 42 TGA(Model Pyris 1, Perkin
Elmer, USA)E AR&-3Fo] A BRIt oF 5-6 mge] AEE
A2H917] 3lA 10 Cmine] HE2 22002 500 CT71A]
S2A7IRA Stk AR EE the] A A3 (Die
shear test, Dage Series 4000, USAYS 53l LolHoT) A=
oE Ade] FEZEd 3%, 5, F(Aw), 2(Ag), 72(Cu)

713 flo] ollFA] EFES EFSL AT RY(1.25 mm
x 125 mm, 7 350 um)e] 22T t}o|(Si die)s Bol2 H
SAZ £ S 7t thelE EEATE Eﬂ g3k 17
HAAES S0 5349 e A5 271 +
44 7] (dynamic mechanical analysis, DMA, Pyrls Diamond,
Perkin Elmer, USA)E AHg-ate] Ao HQith. AAS mek
(Z°] 20 mm x =& 6 mm x 57| 0.3 mm)2ZE A|HS Az
& 5 tension RERE WYL Fo] ST T 1 Hz
ol 20~280 C WA 5 C/minl & S| 7|HA A%
EET tan 6 AES FESTE HEAS] 1 Ad=et 4l
&2 ASTM D638°ll eJAzt] THsAl 8413 7](UTM, AG-X
Plus, Shimadzu, Japan)& Al&-3le] SA3IA T €=
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oA ZAIH(LFA447, Netzsch Instruments, Germany)S-
Aeste] dolrgtrt, o)zt 10 mmol: F47F 1 mmd! 3
A A EC g A3 E 248 & GAREE ARk
SIATE A AlY 5 ke AlHe] ThES FAL [z} dn
71(SEM, PHENOM-XL, ThermoFisher, USA)S AFg3lo] 2
Zsisict.
di ¢ EE
slta B EYE AYAL] EA| AFE ERIE]
5ke] oA E4F E33H (energy dispersive spectroscopy,
EDS)Z #2498 233 th Table 1S T2 D40l th3t
atomic %o& R HIAE] &F ©@3tAE Si, C, O T+
AEo] glom &#AHO0-SiC) ol EA] AHE-SIC)C2 A
2)E gshta A fARE o] EATHS 1. 8t
A9 HEjAe] FFel wep ZzF CoF Siel HlFo] 4T o]
H T (1-SI0)2] 7% FA(N) AEo] AlEAl LA ATH
ez FAA w71A] 712 flol) HEAZF =xE u), F
AE ZolWA ddet 39S P3| f18te] GA A1 9]
A 9 Ao] felsitt. vhea] 2 A FAAA F
ARl Y23/ e] 79 the] FFHE 2P ES KRS
pm¥ @ 6000-20000 cPse] H= WHE Zteth Ui SiC
U27E 30 wi% A7HE ANFA] EFFES] s)x&sol e A
%= W} Table 20 etk oFA] s3HEe] dee 3
Azl wl 830-1060 cPs 2 YEP oY =& v %

Table 1. EDS Analysis of SiC Surface Modified with Oleic Acid
(O-SiC), Imidazole (I-SiC), and Epoxy Silane (E-SiC)

Element (atomic %)

C o Si N

SiC 75.8 6.9 17.3 0
O-SiC 69.4 7.9 22.6 0
[-SiC 50.6 5.7 40.6 3.1
E-SiC 57.7 6.3 359 0

Table 2. Viscosity of Epoxy Adhesives Filled with 30 wt% SiC
Modified with, Oleic Acid (O-SiC), Imidazole (I-SiC), and Epoxy
Silane (E-SiC)

Viscosity (cPs)

Rpm
SiC O-SiC I-SiC E-SiC
0.1 203000 57990 120100 74560
0.5 50540 17400 39770 20710
1 28580 10770 26930 12430
5 9859 5137 14420 4888
10 6794 4142 11310 3645

Za), A4778 A63Z, 2023

HA-L Zh= SiC7E A7bE E3ES] A9 19 A A F
Foll wg} xhol= o} 4 s0u) o) F7Fske] 3000-
200000 cPs =S VERISITE 2 AlFolM At = (rpm)
o whe} A7t 7Hashe A ©3k(shear thinning) 37/d¢]
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Figure 1. Die shear strength between silicon die and metallic lead
frame including Ag-plated Cu, Cu, Au-plated Cu performed at (a)
25 C; (b) 180 C; (c) 250 C.
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ATk 2= FAAM EZo] A E e (0.5 rpm)et E
Zo| ¥ whS wi(5 rppm)2] P& thixotropic index(T)E
AR Fi AE] Aole 518 Yoy ¥H xgjd SIC
S Z¥z} 3.4(0-SiC), 2.8(1-SiC), 4.1(E-SiC)2 745}
0] P RS & F AUtk EFEY] A=Tt wold
O B2 &) A g8 E S48 F Jouz 53t
Pl = frelstet.
WA ez ol HEAA Ht
£ A714, dF o AZAT = AES HIeIT) Figure 1
gz e] Aol W oFAI/SIC FEA S tho] A
J%= (die shear strengthys HIFTh EHAE] A H3A=
=9 F==zgd(AgPelA 12,5 kgf2 mm, 2] (Cu)= 8.5
kgf2 mm, =5 =28 Y (AuyS 8.1 kgf2 mmS 247}
e Atk Figure 1(a)). 284t (0-SiC), Rt (I-SiC), o
Z A APHE-SIC)e.2 NEH SiCE FHE Bt o] 3¢
o] FEAAL B=z Qo] Rl Aaglol I-SiC >
E-SiC > O-SiC o2 Uepstth. 134 onjriEol] EA)st
= Aae oFA] A9 vhS SXA7|AL 71A] WA
2]o] A S AR eEA HRE o] YE AoRE oA
Ho dgk ASHA = ANFA] FR|9 deje] ] EAjst
= Akt A FAdste] Adolxe] Aol adE
Zog Bt YLk =] JEE B5a 4
I HHOFE AMEEJ O 58 W= Hofakx
o} mxE|E ¢ SiCe HIw S wf J2H s 5
=
ol FA]/SIC EHAS] HE HASAS Gobrr] flste] wh
A 971 T T 2olo] B (wire bonding)} B EZ-
(reflow) %0l 3Fsh= 180, 250 TAlAM H&H AldS F
7hE Asislnt. gz le] SRet 1 A el 4
HRlo] 2&7t Feetel it YA EE & Fo8 st
3L 180 CAlA 5kef/2 mm, 250 ColA 2 kgf/2 mm ©]35}2]
AHI=E BAH(Figure 1(b), (¢). T2 =& Al olZA] 3}
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Figure 2. TGA thermograms of pure SiC, O-SiC, I-SiC, E-SiC.
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g Zpol7F WAYSIAA 2 o] Al Foz HAt)
(23 CrlrE ordE2 A2d S3A7 7HE 975 13
S B} 180, 250 Tl = A ASHAZ AH2ld
o7 Aoz 2o HAES B

Figure 2= W|X2] 5= SiCeF ¥ #2]¥ SiC 3%l ]
g TGA =741 YeRd Zolnt. & SiCet A ASHA=
Ag)d SiCE-SICy= ZAHE &% M (~500 T)lM F22)
WH3l7F A vrehA] estot, S#EIAHO-SIC)E ot
(I-SiCy 200 T F-ZollA Fgo] ZasiGith. ol A A
EHA7E Hold G434 S BFSaL S ough.
YAt oju|tiEe] BEAol ZH 194, 240 T F2YS
I o), T e gy FHAA XAl Fde] 7]
e Aoz Azt A AZYA 9} g SiC EHolA
ETFog A dom B FolA ERdsiAH
A FFHoz M BEE Aoz Bt AT A|7t 7]
shE FA-Z 7 AHAA Aoz gt JAES
zshste] B4 Aokl wle] E 4 Stk A AZHA =
BEHo] 120 C P02 g2 Aol vls)] SR $=4)
o} Hej7k sshx o7 At o] QlorR 400 T o delM=
TF A7t AL YehA] eodtt.

Figure 3& e SiCo| 9Hda 30 wi%= 347 AdelollA
HH Aol w2 A QIiEe} 28-S HoFETh A
2 EA & £ Sic7F A7t B AN EE 5.8
MPa, 2182 0.92%2] o= Jepdtt. 9 gl 23] <
A7 5= 742t 6.4 MPa(O-SiC), 7.9 MPa(I-SiC), 7.9 MPa(E-
SIO= “d5stict. sket Al Fefelr] &= O-SiC7F &
A B3AE B Fdez s kst o g A7tE
o olu|tiEs o EA] Agte g AT|E B§AE sfstA 2

A

TS HkSle] 2 MPa o)) S71sE Ao 2 Held), Sic 39
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Figure 3. Effect of surface modification on the tensile strength and
elongation of epoxy/SiC composites.
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Figure 4. Effect of surface modification on the storage modulus and
tan ¢ of epoxy/SiC composites.
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Figure 5. Thermal conductivity of epoxy/SiC composites with sur-
face modification.
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Figure 6. SEM micrographs of fracture surface of epoxy/SiC com-
posites containing 30 wt% of untreated and surface-treated SiC.
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SA 9 SiCE FAAALZA SHAIZE 4= Ut). Figure 5
o SiC7} 30 wt% F3E E3A o] d=EE YERATH
A2l A £ Sic H7H B3A] EHEEE 0401 WimK
2 A ZA] X HlE| oF 2d) A= AEEtlar, 1 A2l
ol&f 247} 0369 W/m-K(O-SiC), 0.355 W/m-K(I-SiC), 0.360
W/mK (E-SiC)& ¢ st v A71¢] SiCE A
I 53Ae] dhEwrt d48] dsskA] Zok=t
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