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Thermal-Cycling-Induced SizN, Damage in Semiconductor Devices
Assembled Utilizing a Lead-on-Chip Package
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Abstract: This article shows how fractures in the SizN, layer, which comprises the top layer of semiconductor
devices encapsulated utilizing a lead-on-chip (LOC) packaging technique, are influenced by changes in the
lead-frame materials and thermal-cycling test conditions. Using thermal-cycling tests, it was found that
fractures in the SizN, layer are the most sensitive to changes in the lead-frame materials at the early stage
of thermal-cycling, between -65 °C and 150 °C. Through SEM examinations and stress simulations, this work
shows that adopting a copper lead-frame with a CTE-value similar to that of a package body effectively
prevents filler-driven SisN, damage, providing semiconductor devices with better reliability margins during
thermal-cycling.
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2. EXPERIMENTAL
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Fig. 1. Schematic drawing of a LOC (lead-on-chip) package
structure.

Fig. 2. Micrograph showing silica fillers in the plastic package
body.
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Fig. 3. Two different thermal-cycling profiles.
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Fig. 4. One quarter view of a LOC package structure.
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Table 1. Physical properties of packaging materials in a LOC package structure.

Material Young’s modulus (GPa) Poisson’s ratio Thermal expansion coefficient (ppm/°C)
Silicon 188 0.3 3
EMC 14.7 0.25 18

Copper 113 033 17

Alloy 42 148 0.3 5
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3. RESULTS AND DISCUSSION
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Fig. 5. Graph showing the possibility of Si;N, damage as a function
of test conditions and thermal cycles.
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Fig. 6. Scanning electron micrograph showing filler-induced Si;Ny4
damage in a LOC package with an alloy 42 lead-frame after 200
thermal cycles.
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Fig. 7. Scanning electron micrographs showing two different types
of Si;N, damages in LOC packages with alloy 42 lead-frames : (a)
filler-induced damage (200 thermal cycles) and (b) filler-unrelated
damage (after 1000 thermal cycles).

Fig. 8. Scanning electron micrograph showing the location of filler-
induced damage in a LOC package with an alloy 42 lead-frame
after 200 thermal cycles.
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Fig. 9. Normal stress contours for lead frames during thermal-
cycling : (a) copper lead frame and (b) alloy 42 lead frame.
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Fig. 10. Shear stress contour for alloy 42 lead frame during
thermal-cycling.
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4. CONCLUSIONS
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