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Abstract

Due to the inherently poor adhesion strength of Cu-based leadframe/EMC (Epoxy Molding Com-
pound) interface, popcorn cracking of thin plastic packages frequently occurs during the solder re-
flow process. In the present work, in order to enhance the adhesion strength of Cu-based leadfra-
me/EMC interface, black-oxide layer was formed on the leadframe surface by chemical oxidation
of leadframe, and then oxidized leadframe sheets were molded with EMC and machined to form
SDCB (Sandwiched Double-Cantilever Beam) and SBN (Sandwiched Brazil-Nut) specimens. SDCB
and SBN specimens were designed to measure the adhesion strength between leadframe and EMC
in terms of critical energy~release rate under quasi-Mode I (G ) and mixed Mode loading (G()
conditions, respectively.

Results showed that black-oxide treatment of Cu-based leadframe initially introduced pebble-
like Cu,O crystals with smooth facets on its surface, and after the full growth of Cu,O layer, acicu-
lar CuO crystals were formed atop of the Cu,O layer. According to the result of SDCB test, Cu.0
crystals on the leadframe surface did not increase G, however, acicular CuO crystals on the Cu,O
layer enhanced G considerably. The main reason for the adhesion improvement seems to be asso-
ciated with the adhesion of CuO to EMC by mechanical interlocking mechanism. On the other
hand, as the Mode Il component increased, G ¢ was increased, and when the phase angle was -34°,
crack Kinking into EMC was occured.
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Fig. 1. Schematic diagrams of (a) interfacial crack
propagation during the solder reflow proc-

ess and (b) three types of package cracks
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Table 1. Composition and bath temperature of
black-oxide forming solution'®.
Composition Temperature

NaClO, (37.5g /1)
NaOH (50g /1) 95 C
NasPO,-12H,0 (100g /1)
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Fig. 2. A schematic diagram of experimental
apparatus.
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Fig. 3. A schematic diagram of galvanostatic
reduction apparatus.
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d : oxide thickness ¢ . applied current density
(mA/cii) &

V : molar volume of the oxide (CuO : 12.4cm?/
mole, Cu;0 : 23.9cm®/mole)

F ; Faraday constant

. reduction time
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Fig. 4. Schematic diagrams showing the geometry
of (a) sandwiched double-cantilever beam
(SDCB) and (b) sandwiched Brazil-nut
(SBN) specimens.

Tapble 2. Hastic Constants of leadframe and

EMC.
B A 5
AE E u v
EMC(AIZE 1) 1400kg /mm? | 560kg /mm’* 0.25
Leadframe (A1 & 2) | 12500kg /mn’ | 4596kg / mm® 0.36

Z23dA GA AdA LEE, Gegkg FFE3

9ste] metE AlWolm, SBN AlHe EFsiE
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] = g
olg ¥ wte Ry MIE AHELS X-ray 4

Fig. 5. SEMmicrographs of oxidized leadframe surfaces : Oxidation times are
(@) 0 sec, as—cleared, (b) 30 sec, (c) 1 min, (d) 2min, and (&) 20 min.
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Fig. 6. Glancing-angle X-ray diffraction patterns
out of leadframe surfaces at various oxida-
tion times.
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Fig. 7. Variation of oxide thickness with oxidation
time.
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Fig. 8. Variation of fracture toughness of leadframe
/EMC interface as a function of the oxidation
time. The loading state near the crack tip was
auasi-Moce | loading @~ 3°)
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Fig. 9. Correlation between the interfacial fracture
foughness and oxide thickness.
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Fig. 10. Fracture toughness of leadframe/EMC
interfaces as a function of the Mode mi-
xity. Leadframes were treated in the
black-oxide forming solution for 20 min-
utes.
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