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Abstract: Difficulty in prompting heat dissipation has emerged as a critical issue and technical bottleneck restrict-

ing

further miniaturization of microelectronic devices and electrical insulation equipment. Traditional heat

conductive epoxy composites are not qualified for meeting the heat dissipation requirements of high-power, ultra-

high-frequency and high-voltage insulating packaging because the thermal conductivity (k) and dielectric strength

(Ep) cannot be regulated and improved synergistically. Intrinsically thermal conductive epoxy (ITCE), whose k can

be enhanced by regulating ordered structure of cross-linked network containing liquid crystal epoxy (LCE) units,

simultaneously exhibits high k and E,,. This paper analyzes the microstructure and intrinsic heat conduction mecha-

nism of LCE, and summarizes the latest research progress in ITCE based on different LCE structures. The present

work systematically analyzes the influencing factors on k of ITCE, such as structures of LCE and curing agent, tem-

perature, LCE content, grain size, and external field-assisted processing, and expounds the way to

improve the ordered structure of LCE and the intrinsic k. Finally, it summarizes the existing problems in current

ITCE research and points to the future development direction. ITCE with excellent comprehensive performances

represents the future development direction of ITCE, and the ITCE based composites has significant potential

applications in high-density packaging microelectronics, high-voltage and high-power power equipment.

Keywords: liquid crystal unit; intrinsically thermal conductive epoxy; thermal conductivity; ordered structure;

insulating resistance
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HDPE—High density polyethylene PP—Polypropylene
LDPE—Low density polyethylene PS—Polystyrene
POM—Poly(oxymethylene) PVC—Polyvinyl chloride
PA—Polyamide UP—Unsaturated polyester resin
PET—Polyethylene terephthalate ~ PF—Phenol resin
PTFE—Poly(tetrafluoroethylene) ~ EP—Epoxy resin

k—Thermal conductivity; E,—Dielectric strength; Cp,—Specific heat
capacity per unit volume; v—Average phonon; /[—Phonon mean free path

F 1 W ILREWIRGER () SPBLH] . AESHER4E (ITCE) K]
Fig.1 Thermal conductivity (k) of common polymers, mechanism,

intrinsically thermal conductive epoxy (ITCE) and applications
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Fig.2 Schematic diagram of liquid crystal epoxy polymers (LCEP) and chemical structure of common liquid crystal epoxy units"
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Fig.3 Schematic diagram for formation of ordered structure from self-

assemble liquid crystal (LC) and their effect on heat conduction'”
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%*1 &L LCEP. EMLFIZHMRE LCEP MSE (k)
Table 1 Several kinds of LCEP, curing agents, and thermal conductivity (k) of cured LCEP
Category LCEP Curing agents k/(W-(m:K)™") Ref.
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o—

A M Cro
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H
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Biphenyl structure >0~ )~ -0~ H:»\'@S;OW: 0.31 [13]
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type
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e g-cino- prepo-ctg e-0- Y- po-cniosin H
b i P . & : : : 0.38 17
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Note: DPMP—Dipentaerythritol hexakis(3-mercaptopropionate).
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-e— LCE-DPE/DDS (a)

—A— LCE-DP/DDS —N=HC O CH=N—
~&— LCE-TA/DDS

= = Agari-Uno (0.30 W/(m-K)) (TA)
3 | reessss Agari-Uno (0.35 W/(m-K))
=== Agari-Uno (0.45 W/(m-K))

Thermal conductivity/(W-(m-K)™")

Capacity of Al,O,/vol%

(b) grrecmetenny o
: H o’\Q m— [CE-A  103C .
o PN E LCEB Cooling
p ; e - 106°C -——
PAO-O—’ : -
T e . Vii5C
1, 2-Bis-(4-(epoxypropoxy) beazy lidene) aniline g |
(LCE-A) % WL&.'__‘-—-———
8
0) z
(@) N_Q_O/\Q S A — —— o ——
L>/’\O .
Q
=
1, 2-Bis-(4-(epoxypropoxy) beazy lidene) aniline Heating
(LCE'B) —_—
i 156C
LCE-A 124°C
Heating: 159°C (Nematic) Heating: 168°C (Nematic) * : : : :
60 80 100 120 140 160 180
Temperature/C
Sample code Thermal conductivity/(W-(m-K)™)
LCE-B
Heating: 123°C (Smectic) Cooling: 105°C (Nematic) LCE-A/DDS 0.37£0.01
P PR S M
b v / LCE-A/DDM 0.35+0.01
LCE-B/DDS 0.34+0.02
LCE-B/DDM 0.33+0.01

TA—Terephthalylidene-bis-(4-aminophenol); DP—4', 4'-Bis-(4-hydroxybenzylidene)-diaminophenylene; DPE—4', 4'-Bis-(4-hydroxybenzylidene)-
diaminodiphenylether; LCE-TA—Terephthalylidene-bis-(4-aminophenol) diglycidyl ether; LCE-DP—4', 4'-Bis(4-hydroxybenzylidene)-
diaminophenylene diglycidyl ether; LCE-DPE—4', 4'-Bis-(4-hydroxybenzylidene)-diaminodiphenylether diglycidyl ether; DDS—4, 4'-
Diaminodiphenylsulfone; DDM—4, 4'-Diaminodiphenylmethane
4 (a) =2k (LC) L5 ELIFAR (BP) A AHPEHFHGEZIA™; (b) WAk (LC) HETTCEX [E (L3R4 (EP) S

Fig.4 (a) Effects of three LCEPs on k of cured EP and composites''”; (b) Effect of length of LC units on k of cured EP!"”
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Fig.6 Formation and evolution process of oriented structure for LCEP and BN/LCEP composites during curing®”
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