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Abstract: Epoxy resin (EP) is a typical insulating material for electronic packaging, but its thermal conductivity
(less than 0.2 W/(m-K)) is low, and improving its thermal conductivity is an effective way to solve the heat dissipa-
tion problem of electronic devices. In this paper, 3D-AIN/EP composites were prepared by constructing a three-
dimensional porous aluminum nitride skeleton (3D-AIN). The SEM morphology and XRD phase characterization
results confirmed the successful preparation of 3D-AIN skeleton and 3D-AIN/EP composites. The mass fraction of
the composite accounted for by the 3D-AIN skeleton was precisely measured using TGA, and by comparing with dif-
ferent contents of random distribution AIN/EP (Random AIN/EP) composites, it was found that the thermal con-
ductivity of 3D-AIN/EP composites was higher than that of Random AIN/EP composites, the thermal conductivity of
the 45.48wt%3D-AIN/EP composite at room temperature (25°C) was 1.00 W/(m-K), which was 5.6 times higher than
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that of pure EP (0.18 W/(m-K)). The interfacial thermal resistance of the composites was calculated using the theor-

etical model (Fogyel, Agari), and it was found that the 3D-AIN/EP composites had lower filler-to-filler interfacial
thermal resistance compared to Random AIN/EP, with 2.704x10° K-W™"' and 4.019x10° K-W™, respectively. The elec-

trical properties showed that the 45.48wt%3D-AIN/EP composite had good dielectric and insulating properties

(volume resistivity is 4.16x10"" Q.cm). This study provides an effective solution to the heat dissipation problem of

electronic devices from the perspective of package insulation material modification.

Keywords: epoxy resin; composites; three-dimensional network; thermal conductivity; electrical properties;

electronic packaging
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Fig.1 Schematic diagram of the preparation of three-dimensional porous aluminum nitride skeleton (3D-AIN) framework and 3D-AIN/epoxy resin (EP)

composites
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Fig.2 (a) SEM image of 3D-AIN framework; (b) Partially enlarged SEM image according to Fig. 2(a); (c) SEM image of 3D-AIN/EP composite;
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(a)
100 fereee LTI S Ss s
N
N
80 B\
i\
S \
E \
< 60} \\
= VLT T T 45.48Wi%3D-AIN/EP
v \ ~
[} ]‘ N T Tmmeme-— - -
240 + W \35.30Wt%3D-AIN/EP
4 N S i _
= | < 23.89wt%3D-AIN/EP
\ N e ]
20 ¢ . \16.96Wi93D-AINTEP
oL EP

100 200 300 400 500 600 700 800
Temperature/ 'C

(b)

23.39vo0l%3D-AIN/EP

16.65vol%3D-AIN/EP

>
g 10.30vol%3D-AIN/EP
=
6.96v01%3D-AIN/EP
b Jdn AN
10 20 30 40 50 60 70 8 90
200(°)

3 (a) 3D-AIN/EP A HFIFHI TGA MLk ;
(b) AIN 1 3D-AIN/EP & & 44 KLY XRD &%
Fig.3 (a) TGA curves of 3D-AIN/EP composites;
(b) XRD patterns of AIN and 3D-AIN/EP composites

480~600°C J2 ik Tk 1) == 55 43 ff 2%, 1) 800°C B it
TR, MR A MRS 800°C B 8 4% T i 1t
9 AIN R E &, RIR Y 16.96Wt% . 23.89wt% .
35.30wt%. 45.48wt%. -~ J7 i J5 £ i A A T 5
T, TEICRE TR B o) U RO R A B, K
KM 6.96vol% . 10.30vol% . 16.65vol% . 23.39vol%.

F] H] XRD Xf AIN } 3D-AIN/EP & & # B 17
YIRS R AR, W& 3(b) FF 7R, AIN ff) 3 AR AE
175 5 I8 AE 20=33.237°, 36.041°, 37.949°, 3 X}y
T (100). (002). (102) fhif, 5¥5iER F 96-901-
1658 W) . T EPJE TAEM L EIEA, HARE
gty @SR BLTE 20=10°~20°F i .
3D-AIN/EP & & M kb, Bl & AIN (19 7 & 3% i,
HCARR AR AT ST 068 iR FE S R . RIS A B R R
AIN 5 EP [ R AEATT 55 0 71 T0 HoAth 2 06, 13 ] 3D-
AIN/EP & MRl & s 2y, I R HAbY
JB AR i o

ANTA] AIN 75 5= (19 5 5 M BHE 25°C B S R 4L
WME 4(a) i, BEFE AIN &8N, 26 ME
1 AR BB WG . [, 3D-AIN/EP & G
KB S 3R B % T Random AIN/EP, 45.48wWt%
3D-AIN/EP & & A1 BHHY T 3 R 2R 1.00 W/ (m-K),
J&41 EP(0.18 W/(m-K)) 1Y 5.6 fi5 . & & 4 BHR) T 34
FBCZ T RN R A OB 5 OB RITEDR 5 R
Z[a] i S T A e EORE 5 A i S T AR BH R
BT A [ 9 5 [ G 1 75 4R 2 22 S i R, T
BE5 OB Y S T A BE 0B e TIOR3 A IR A
ERA LA ER N E G M, HES



T, 5 =4 2L AR AR IR E AR A S d g - 3345 -
1.2 0.2
(a) - (b)
Random AIN/EP Fitting curve m 3D-AIN/EP
::2 10| = 3D-AIN/EP Fitting curve ol © Random AIN/EP /,”5
£ = .®
: " =1.123 . e
E 08 | — 02| (,‘“71 12 /,/ o .-
= ol C~1.070 - -
2 5 . :
£ 06 | g .
=] > —04 L -7
E g - -e
g 3 A
= 04 - .7 .®
E -0.6 | P C,=0.977
2 Ll C~0.765
= I - =0.765
0.2 -
-0.8
0 L 1 L L L 1 L I L L 1 L
0 5 10 15 20 25 0 5 10 15 20 25
Volume fraction filler/vol% Volume fraction of filler/vol%
1.2
(c) (d)
1.1 23.39v0l%3D-AIN/EP
10 @ LR S e
é 09 t 16.65v01%3D-AIN/EP
Zosl © @ ------ @---—- -9
< ' 45.48 wt%3D-AIN/EP
2 07 t g
>
§ 0.6 10.30v0l%3D-AIN/EP fw 35.30 wt%3D-AIN/EP 136.1°C
s | e ---@ -7 9 2
§ 1 o070 6.69v017%3D-AINEP F | 23.80 wi%3D-AIN/EP 31.8C
g 047 R S “\‘¥R“‘\\\¢;__/,
< - ------9 131.4°C
E o3 Q- @ 16.96 wt%3D-AIN/EP :
503 ¢ EP
= 02 L @------ @ ------ @------ @---""" EP 129.7°C
0.1 128.5°C
0 L L L L L L L L L L L
25 50 75 100 125 60 30 100 120 140 160
Temperature/'C Temperature/‘C

Ci—Ability of the filler to form continuity; C,,—Effect of the filler on the structure of the matrix; 1—Thermal conductivity of composites
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Fig.4 (a) Thermal conductivity and Foygel nonlinear fit of randomly distributed AIN/EP and 3D-AIN/EP composites with different contents of 3D-AIN;

(b) Linear fit of Agari model; (c) Thermal conductivity curves of 3D-AIN/EP composites with different contents of 3D-AIN as a function of temperature;

(d) DSC spectra of 3D-AIN/EP composites with different contents of 3D-AIN
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Table 1 Calculation results of parameters for Random AIN/EP and 3D-AIN/EP composites
Composites K, V./vol% B R/(10°K-W™)
Random AIN/EP 3.412 0.0994 0.83392 4.019
3D-AIN/EP 3.615 0.0597 0.56296 2.704

Notes: K,—Pre-exponential factor; V,—Critical volume fraction of filler; 3—Conductivity exponent that depends on the aspect of filler;

R.—Interface thermal resistance.
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