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Fig. 1 Formulation and preparation process of epoxy resin underfill.
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Table 1 Formulation of epoxy resin underfill.

Formula (phr) EP EP-50 EP-60 EP-60-A EP-60-B

ERL-4221 75 37.5 30 30 30
ERL-4299 25 12.5 10 10 10
DA-24 1 1 1 1 1
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X, BY U AU N 0.1~200 s71, MR IEFE R
25 °C.

4 7 5 (SEM) I R H o
SUB220 4 F FL S T8 X A 2 1 A 4 T A7 KL
5 SR [ JE A SR E MR R AT e i USRS
BRI . BEJE, CRORE S 5 e R [ E T
BRHIRE S G b, X AR T T W 4 A DA 5
S

5 2 WAL B 3 1 (DMA) £ i 1= Mettler
SDTAS86el i & MM BT A 347 . 7E XU
LT, F50~300 °CIR TGN, LL0.1%
[FIRAE . 1 Hz [IAZE AT 10 °C/min [ 5 58 R 1
AR . BRI SE FE N 10 mm, K E A 50 mm,
JEJE N3 mm.

PAaE Mk 8 ] Mettler TGA (FEE 2> H71%)
TERVR AU VAl A AR 2 1 e e 1k

Fp 2 BOHL AR 2> B (TMA) 3 32 3% ] Waters
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Fig. 2 Particle size distribution of modified silica.
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Fig. 3 FTIR spectra of silica before and after modification.
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Fig. 4 Raman spectra of silica before and after modification.
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Fig. 5 High resolution XPS spectra of C in silica before
and after modification.
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Fig. 6 Gel time of different formulation.
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Fig. 7 Flexural performance data of EP-1 to EP-5: (a) Young’s

(d) flexural stress-strain curves.
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Table 2 Formulation of epoxy resin.

Formula ERL-4221 ERL-4299
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Fig. 8 Viscosity-shear rate curves under different formulations.
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Fig. 9 Viscosity of various underfill adhesive formulations
under different shear rates.
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Fig. 10 SEM images of cured materials with different
formulations: (a, b) EP-50, (c, d) EP-60, (e, f) EP-60-A, (g, h)
EP-60-B.
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Fig. 11 The effect of different filler ratios on the CTE of
underfill after curing.
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Fig. 12 The influence of different filler ratios on the dynamic
mechanical properties of underfill after curing: (a) storage
modulus and (b) tand.
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3384 MPa, EWEMNE RN S AR X 5 55
FEEMSENAIHENEA, HBAEMRZ 250 11E
FA BB DAL B g AT 7= A 38 5 AR . 3Rk
SA TR I ARFEANAR, 12 EORL B 4 N kL
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Table 3 T, and storage modulus of underfill.

Formulation Typma (°C)  Tyrma (°C)  E' (MPa)
EP 196.8 153.6 1884
EP-50 208.6 164.4 3058
EP-60 210.5 171.8 3384
EP-60-A 207.5 176.1 3427
EP-60-B 170.0 176.3 3461
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Fig. 13 TGA of underfill cured with different filling ratios.
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Table 4 Thermogravimetric analysis data of underfill.

Table 5 Water absorption rate of the cured underfill.

Formulation Tys, (°C) Residue at 600 °C (wt%) Formulation Water absorption (%)
EP 356 1.1 EP 0.42
EP-50 383 413 EP-50 0.77
EP-60 392 59.9 EP-60 0.89
EP-60-A 391 57.0 EP-60-A 0.93
EP-60-B 386 54.7 EP-60-B 1.09

Hha] DU O B O R 4 R AR AE 350~470 °C 2
[B), 4% 2 Ji D] 3 202 T IR PR IR S W IR A 5 1Y)
A, FREE UL N MR E N
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KA SE RS AR G TR, AEIE AR E AT 2k
Ui, I RSERE A TS S H AR
N 60% I FR Rk R S HEASH R & 1 E RS, It
i 32 B2 T iR S B AR B I A i >
AR A R SR IER AN
2.9 HRELEEHIRKER

XF IR I B OK AT T, il T
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B INE i B AR B R IR T 1 BT
JR IR ST FEAL SR U B B A S AR . H
AT, b FE A R S (Henkel) 5, 3
H S R IR 7 i IR K R ATk 1.5% i A
U, RS B0 /K 6 BE A A RN N T B A T
&, 15 1.09% B K 24T 40 FAT A AT (1) TAE %2
ADXTA] PN, AN stof daf 206 10 o] S 1 ) s O 5 Sl
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Table 6 Formulation of epoxy resin underfill.

Formula EP-60-B EI1172A HS765
T, (°C) 176.30 135.0 125
[i5] 4k, 2% A 80 °C@10 min + 120 °C@10 min 100 °C@30 min + 135 °C@>5 min 130 °C@30 min
CTEI (ppm/°C) 38.90 27.0 45
CTE2 (ppm/°C) 78.60 103.0 147
WK (%) 1.09 1.5 -
3 g IR A R A 16.3 Pars. B RERIE ZoKR,

RGH AR RAR B 1) = AR IR 2 e
WEM R E A R AR, T8I T PH B[
AT RS ACATL 1 RS D ] £ 1 PR [ e 1 e P 2R
AU T TR AR 7 i . e B R R R I L A 1
] £ B, 80 °C sk Iz I ] 35 ] 4% 1l £E. 200 s N .
MAS e R AE TR, EP-60-A7E 1 s BIYIIER R

EP-60-A [A] I B A0 57 i #4 A ME R (T,>200 °C) 5
i e R B (£'>3.5 GPa). TMA iR *F EP-60-B
{1 CTEAN A 38.9 ppm/°C. A T4 K J f) it 44 Al
IR FE 2 R I DU [ 1 A 2R D i PR R T IR 7 R
BC 77 BSR4 T BET R T &, & T BGA Bk
AR B 1 G AR 7
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Research Article

Preparation and Performance of Fast-curing High-performance
Epoxy Resin Underfill

Hao-ming Guo, Jin-yan Wang", Xi-gao Jian
(Department of Polymer Materials, Dalian University of Technology, Dalian 116024)

Abstract With the rapid development of fields such as artificial intelligence, the demand for chips has
significantly increased. As a key material in the production process of advanced chip packaging, the thermal curing
speed of bottom filling adhesive severely limits the improvement of production efficiency. This study employed
two structurally distinct alicyclic epoxy resins—3,4-epoxycyclohexylmethyl 3,4-epoxycyclohexylcarboxylate
(ERL-4221) and bis(7-oxabicyclo[4.1.0]3-heptylmethyl)adipate (ERL-4299)—along with a thiolane curing agent,
(4-hydroxyphenyl)(2-methylbenzyl)thiolane hexafluoroantimonate, to significantly reduce curing time through
a thermal cationic curing system. Additionally, spherical silica modified with 2-(3,4-epoxycyclohexyl)
ethyltrimethoxysilane (KH-566) is incorporated as a filler, effectively lowering the thermal expansion coefficient
(CTE) of the filling adhesive. All systems achieve curing within 20 min at 120 °C, with Eq. (3) demonstrating
outstanding thermal stability (glass transition temperature 7,=170 °C, 5% thermal decomposition temperature
T450,=386 °C) and excellent rheological properties (viscosity at a shear rate of 10 s™! was 8.4 Pa's). In the glassy
state (7' < Ty), the CTE is 38.9 ppm/°C, and the storage modulus £'=3.46 GPa. This research presents a bottom
filling adhesive solution that integrates rapid curing, high heat resistance, and superior rheological performance,
showing promising applications in advanced electronic packaging.
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