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Abstract Copper based leadframe sheets were immersed in two kinds of hot alkaline solutions to form brown-
oxide or black-oxide layer on the surface. The oxide-coated leadframe sheets were molded with epoxy molding
compound (EMC). After post mold curing, the oxide-coated EMC-leadframe joints were machined to form
sandwiched double-cantilever beam (SDCB) specimens. The SDCB specimens were used to measure the
fracture toughness of the EMC/leadframe interfaces under quasi-Mode I loading conditions. After fracture
toughness testing, the fracture surface were analyzed by various equipment to investigate failure path. An
adhesion model was suggested to explain the failure path formation. The adhesion model is based on the
strengthening mechanism of fiber-reinforced composite. The present paper deals with the introduction of the
adhesion model. The explanation of the failure path with the proposed adhesion model was introduced in the

companion paper.
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Fig. 1. (a) Simplified EMC/CuQ interface. (b) Relationship
between interlocking zone range, ‘Z’ and volume fraction of
the CuO nanowires, Vc,o.

o] Ay wgro g H-gol 223 =(isostress) F
dSHE A 5] ZE(strength, Opomp)®t Vewo Akl T
I Z-& BAN el AYdthe AL on & dEA
CHrule of mixture). 9714, cruot Cu09 ZHEE 9
A8tAL, ggyee EMCY ZEE 9w gt

\‘:10

Cromp= OtuoY cuo+ Gemc(l - Vewo) 2

Kelly$} Daviese -7t 7IAWZ 7= BgAs
S WAY u, AR FIEgo] of" Hagh(VIn ol
A& Aok Aertstasyt veidoke stk o
| AR 7] A717F o= dA JiE ol EH
ofgt HfUt Ao FFS XYY & 7] Wi
oW, W Ve, 7F Vo olske] zhe zZHAEE, Aee
Fuuh AR B 35S aHEoR AR £37] u
ol dtsol IVHE AS FHiE FojX A €t

RE MertgEe] Fddli(identical) Y3t
(uniform) 7Fgshd, B8 AH7MHEL 5YU FE(the
same ultimate tensile strength, UTS)E zt=ti & &
gtk =, RE Cu0 A#9 AEE ous o $9F 2
S zhetr @ 4 Sl EdNae) AE(omm)E
EMC® <13 8 (strain to failure of EMC, epye)©l
CuO®] T8 & (strain to failure of CuO, eong )R TH
Aty e A9ElS > U1 s A 2jete A)
2 & gk,

o,
=
o

T

[*]

L
i

Ceomo = Gca0 Veuo +0mme(1-Vewo) (Vewo™ Vo) 3)

371N, opme e CuO7h Fold w(=R3A 52| v
o] dold whye] WA EAN EMC/T sk 23 (flow
stress of EMC)°|tH(Fig. 2(a)).

ShollA AR glol, ARl HalEge] He A,

>
X,
do
N
3
i
X
)
i
[«i0
o
SiiA
Oft
. o
2
)
o
Ol
o
H
g
i

UTS uTs flow UTS
Geomp = Ocuo Veuo +O0emc (1-Vewo) 2 Oeme(1-Vewo)

4
=7 BEE B5Y Vao#t©l BEZ Cu0Y FHai
£ FH7Fsl7) Aol v)3le,

FE WEE o7t Aok o
2 Bee] 270 YUFER VeoE AR Folof

@2
o
Ho

UTS uTs flow UTS
Ocomp = Ocuo Yewo tOemc(1-Vewo) 2 Opme (%)



8 o]z - A%

Sflow __|
O e

> Strain.

(b)

Fig. 2. (a) Stress-strain curves of the CuO and the EMC. (b)
Correlation between the strength of the EMC-CuO composite
and the volume fraction of the CuO nanowires, Vcyo.
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Fig. 3. Failure path expectation based on the simple micromechanical model for longitudinal tensile strength of a composite
material developed from the ‘rule-of-mixtures’. The weakest point which has a minimum strength existing somewhere in the

interlocking zone satisfying VCuonCmui(')'.
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Fig. 5. Cross-sectional transmission electron micrograph of 20
min oxidated brown-oxide coated copper-based leadframe
molded with EMC.
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Fig. 4. Schematic diagrams illustrating the failure occurrence within the EMC on the clod-like debris region. (a) As the epoxy
resin included in the EMC penetrates into the gaps among the CuO nanowires, the air trapped in the gaps move into the EMC.
(b) As the amount of the air in the EMC increases, microvoids are formed in the EMC. (c) As the compression-molding process
continues, the microvoids coalesce with each other and finally compression-molding process is completed. (d) Eventually, the
united microvoids may form microscopic cracks in the EMC near the quasi-macroscopic EMC/CuO interface, which results i
a local weakening of EMC near the quasi-macroscopic EMC/CuO interface; thus, the failure is likely to occur within the EMC
near the quasi-macroscopic EMC/CuO interface because cracks always select the weakest propagation path.
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Fig. 6. Schematic diagrams illustrating the failure occurrence within the CuQO layer on the concave regions of the separated
leadframe side. (a) As the epoxy resin included in the EMC penetrates into the gaps among the CuO nanowires, the air trapped
in the gaps is compressed. (b) As the EMC flow line advances, microvoids are formed near the roots of the CuO nanowires. (c)
Eventually, the microvoids weaken the local strength of the EMC-CuQ composite, thus failure is likely to occur within the CuO
layer on the concave regions of the separated leadframe side because cracks always select the weakest propagation path. (d) Failure
occurred near the quasi- macroscoplc EMC/CuO interface on the convex regions of the separated leadframe side in a nearly

interfacial mode. According to the ‘rule-of-mixtures’,
The weakest point is close to the EMC/CuO interface.
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Fig. 7. Schematic diagrams for C-type failure in the EMC/black-oxide-coated copper-based leadframe system at oxidation times

less than 1 min. (a) Before failure and (b) After failure.
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