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Fig. 1 Schematic diagram for preparation of complex system.

Table 1 Content of each component in the blends.

Sample  mppy (8)  Mpapp (8)  Mappia (8) Mappoa (8)
BP 10 6.500 0 0
BPIA-5 10 6.175 0.325 0
BPIA-10 10 5.850 0.650 0
BPIA-15 10 5.525 0.975 0
BPOA-5 10 6.175 0 0.325
BPOA-10 10 5.850 0 0.650
BPOA-15 10 5.525 0 0.975
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Fig. 2 (a) DSC curves of all curing systems at 20 °C-min~';
(b) DSC curves of BPIA-10 at different heating rates; (c) Linear

fitting results of solidification characteristic temperature.

PEHT, T APBOA X [F] 4k, T 46 i A7 04 {7 3 5
M WA 25, BeAk, 2 oot — e ek ] 4k 2%
W LT LR . LLBPIA-10 A, JAE 5.
10, 15 A120 °C -min™' A [F] FHEHE R T JEE R
DSC H#h 5 40 & 2(b) il . 38 5 X % i 28 s g ()
EC ORI P (T)~ VAR AR T F5E () RN 28 1 3L P (T iR AT
LRI E I AME R T THRE R, e 7 ERE L
W, R 2e) s . 454 AR DSC g
LSEPR T 245, w4 EFIFET N: 150 °C
A2 h, 220 °CHRIE2h, 250 °CIRE2 h.
2.2 WEEEK IS REPARTE

K FH G i A SO FE VAR RS AR R
WARAT AT THEFC . B 3) s AR IR i AR D
WA AR RIRIH BAR A AR AR
A TE BN T 1. &R RAE 130~140 °Ca A
B R ARE S, MBI R AT, 4EREAE
0.10~0.13 Pa-s Z [a], REIW G &R T BEA R
SR, AR T 7R R AR IR R R
RN TMERE . BEJS, WG IR ZR A A Do A (RP
TR LR SR 5 SO BE ABPIA & & 39 i
DEH, BRI 1 BPIA-15 [ [E 4k hnidk 25
181.5°C, #BP1197.3 °CIEHi1 T 15.8°C; AL
Z K, APBOA 5] A [ 46 hns il fE LT o5
Wi . 3t — 25 JF & 160 °C N (S5 iR i AR 5256,
B 3(b)ATr, 455 &~ APBIA 5 APBOA Y RE
AR G 4L, B APBIA {2 3k 1 ] B 2 %
T APBOA. 45 &bl T B 2 MBLS, w2 #r
B 4518, APBIA/APBOA 5 BDM [ ¢ v 32 3
RAAEREIE, mH AR L BDM 5 DABP 2
(RN S X — IR AT BEYRT 2 Jr THI R 3%
Ho—, QAN RPOEE S TS, ERCRE
B N ] P R AT G ke i S i 36k [ 6 A T s
N, POEA AT LS, SR IRGE TR L
=, RIFRRMEEE R B — R 4 T RN, AT
TREGENIEME, FRHEN—H# TS5 T
R IAE, PRAREL R SRR R 22, I B
PRIEAZI S Bl F7 5 . 5% e AR [ 38 i 2 i i A
il 2 b i e B SRR R I A e, S5
K 3(c)fs. AT W, APBIA X AL AL AT B
PR, fd e e AL IS (3] A BP 44 £ 1) 40.5 min
K45 56 % BPIA-15 (1) 1.5 min; 7] APBOA [
HERCR A GHIR AT, BPOA-15 F%E 12 4k I 18] B A%
F%22 13.3 min, 5 FTdb AR 35 s —2.



6341 KUEPEATE IR IR 4% SR At X0 SRS I e B i e FLAE B 2R AROBOR ) 2 1393

20

—o— BP
—o— BPIA-5
—4~— BPIA-10
—v— BPIA-15
—<o— BPOA-5
—<+— BPOA-10
—>— BPOA-15

15

"] (Pa-s)

0 —
80 100 120 140 160 180 200 220

Temperature (°C)
200
(b)
—o— BP
—0— BPIA-5
150+ —~—BPIA-10
—v— BPIA-15
- —o— BPOA-5
£ 100}
=
50 -
0 10 20 30 40 50 60
Time (min)
c
50 | (©
40 F
=
£
< 30
£
320t
i H H H
0 s s m 1 s s s
5 N s 5 N N

X

A .
NN AN A At
Q,Q Q)Q\ QS\ %Q QSO @QO

Fig. 3 (a) Temperature-ramping experiments, (b) isothermal
experiments and (c) gelation points of all the BPIA and BPOA
blends.

2.3 WERELHIER o FEER
SNER T P R AR A [R) e 4 Ak A
() S NEAT A B A FIIAR AR ASHF 98 R FH IR AL
8 LR R 2T ARG IE R R, X BPIA-10 A1 BPOA-
10 7 100~240 °C i F& 15 [l P 1) 4k 257 25 1 s A it
177 SERF YR . Horb, BPIA-10 [ JE AL 2T 4R
gl mE 4@ R . SR BN, BE B EE

=, E200°CiHE, 1606 cm™ AL ESREET % C=C
4R BN1% 5 918 em™ Ab ) P 2 C=C A JE 4R 3)
g o [ A I AR 55 »  (HAE MR 28 LRI AT R 58
4k, F W BDM 5 DABP 2 [A] [ [E 44 2 B 1
RIEH, X8 T %R R A B ALREE . t4h,
M 180 °CHIRE I FF 4, 1638 cm ™ AL N—H 25 i
IR 2 W B I P T = R S . 28 240 °CHJLF-VH
&K, ESRRRFREECHMSERE RN, H
H I SR IG IR AR TN 2, e SRR BE B vy . X
ZX AT RS, Wi 4m) R, Al
1513 em™" &b 4 2K FF DK L BR i C=N (1) {1 45 4% 21)
U AT A B i AR RS s Y
ML TE 3200 °C UL LB, 58 35 A2 B I 25 (1 T B
C=NEHZHEHEME, FBOPAEIRsE K
AR LIRS, 1E 240 °CHFRZ & 1509 ecm™!, f74%
Z14 cm. [ 4(c) R, 3386 cm ! Ak Ny IRE FEIK M
W N—H R AR iR B0,  BE [ 10T B 8408
£ 240 °CHH 7 F 3365 cm™!, FEAEZ)3 em™ AL
B . IX o IR IR KM 25 1 2 5 U Y R S B AR
B FREERER, fEEMIERRT, SRIFErkmEL,
FIRE RS C=NAE NS Z R, Xl N—H
TERERAME, TSRS E 2 B W 4
@ . BPOA-10 [ J5 A7 21 4 ik 5 5 n P 4(d) BT
N, EkGE A 5 BPIA-10 AH AL . E 200 °C i,
1606 cm™ &b 1) I SRk 3 i C=C {1 45 7 21 i Fi
918 cm! 4b 1) 455 TR J C=C ZZ FE 4R 5 06 [ BF 1t 7]
Uk 55, EMAR L R/ E e, W
BDM/DABP 2 N A58 4. 180 °CHF4f, 1637 cm™!
Ab I N—H 2 IR IR HT 55, & 240 °CJLF
HK, FUAPBOA HME K5 APBIA A ik
(0 B B 1 . % FL R X SO S anE 4(e) B
N, 1513 om ! AR R 2R FFREMER ) C =N 44k
B . [EL IR E s il B R 200 °CJe,
C=NZ 5B, FBUEMLAHEZE 1509 cm™
(240 °C), HiBZ14 cm™ %I R0 2 FF M 25
M) C=NE#nE AR 2R, HaZ5ME
AT 265 v ) SRR A
2.4 B HIAE SRR

Bl 5(a) B 7 T 4R I FF 5 1 B A ALK 75 A
(DMA) I 2k, 3 A0 B AR T P2 (T,) 18 1 tand
VAR R . 25 SRR, RIS IAE T & PR R
T,=297.4°C; 45| N/b & &I (BPIA-5 A1 BPOA-
5), HT,5BPHEARKF. AT, 4 APBIA B¢



1394 RPN S

2026 4F

(@)

— 100°C — 160 °C — 220°C

— 120°C — 180°C — 240°C

— 140°C — 200°C , , ,

3500 3000 2500 2000 1500 1000
Wavenumber (cm™!)

©

—100°C — 180 °C
—120°C — 200°C
—140°C —220°C
— 160 °C — 240 °C

3500 3450 3400 3350 3300 3250 3200

Wavenumber (cm™!)

—100°C — 180 °C
—120°C — 200 °C
—140°C —220°C
— 160 °C — 240 °C

1600 1580 1560 1540 1520 1500
Wavenumber (cm™!)

A

(d

— 100°C — 160 °C — 220 °C
— 120°C — 180°C — 240°C
— 140 °C —— 200°C L L L A A
3600 3200 2800 2400 2000 1600 1200 800
Wavenumber (cm™!)

©

—100°C — 180°C
—120°C — 200 °C
—140°C —220°C
— 160 °C — 240 °C

\

1600 1580 1560

1540 1520 1500

Wavenumber (cm™!)

Fig. 4 (a) In situ FTIR spectra of the curing process for BPIA-10; (b, ¢) Enlarged views of selected regions from the in situ
FTIR spectra of BPIA-10; (d) /n situ FTIR spectra of the curing process for BPOA-10; (e) Enlarged views of selected regions

from the in situ FTIR spectra of BPOA-10.
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Fig. 5 (a) Temperature dependence of tand from DMA;
(b) TGA weight loss versus temperature; (¢) DTG curves of
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Benzimidazole and Benzoxazole Modified Bismaleimide Resins for
High-performance Electronic Substrate Laminates

Run-ze Liu!, Zi-chun Ding?, Xiao-xuan Liu!, Jia-zi Zhang!, Jin-yan Wang!,
Li-shuai Zong!, Jian-hua Han', Xi-gao Jian'"
(!Department of Polymer Materials, Dalian University of Technology, Dalian 116024)
(PAerospace Materials and Technology Research Institute, Beijing 100076)

Abstract Advanced electronic packaging is moving toward thinner and higher-density designs, exacerbating issues
of insufficient substrate rigidity and coefficient of thermal expansion (CTE) mismatch—driving the need for
novel resin systems with high rigidity and low CTE. In this work, diamine monomers containing benzimidazole

* Corresponding author: Xi-gao Jian, E-mail: jian4616@dlut.edu.cn
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and benzoxazole moieties—namely, 2-(4-aminophenyl)-5-aminobenzimidazole (APBIA) and 2-(4-aminophenyl)-5-
aminobenzoxazole (APBOA)—were employed to modify a bismaleimide/allylphenol (BDM/DABP) resin system.
The curing behavior and multiscale properties of the resulting composites were systematically investigated through
a suite of analytical techniques, including differential scanning calorimetry (DSC), rheology, in situ Fourier-transform
infrared spectroscopy (FTIR), dynamic mechanical analysis (DMA), thermogravimetric analysis (TGA),
thermomechanical analysis (TMA), as well as mechanical and dielectric performance evaluations. The results
demonstrate that the incorporation of APBIA and APBOA significantly accelerates the curing reaction. Moreover,
the synergistic effect of rigid heterocyclic structures and multiple hydrogen bonds effectively enhances the
flexural modulus while substantially reducing the CTE—reaching a minimum value of 8.59x107¢ °C~!. Notably,
the APBOA-modified system, benefiting from its balanced curing kinetics, yields composite laminates with
outstanding flexural strength (576.1 MPa). Additionally, it achieves a copper foil peel strength of 0.898 N-mm™',
an ultralow dielectric loss of 0.00829 at 5 GHz, and a reduced water absorption of 0.818%. This study highlights
that benzimidazole and benzoxazole architectures can serve as highly effective functional units, offering a
promising new strategy for the development of high-performance electronic packaging substrate materials.
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