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The increasingly fast-changing market environment has created new, unexpected modes of wear-out failure by
multifactor, which can lead to reliability issues. These new, unexpected modes of wear-out failure by
multifactor are related to circuit design, layout design, and manufacturing. Deep failure analysis is necessary
to clarify the cause of wear-out failure by multifactor, understand its mechanism, and prevent it from
recurring.

In this study, we examined failure analysis techniques for new devices. These include a decapsulation
technique for wafer level chip size package module devices, random location damage-free Si substrate
thinning technique for the Si substrate backside photon emission microscope analysis, and a software fault
localization technique, which we compared with conventional hardware techniques in terms of accuracy. We |
determined the multifactor failure causes and mechanisms for the corrosion of an anti-refraction coating-TiN
film, via high resistance, tetraethyl orthosilicate-oxide film cracking, and metal line voids though several
related processes.

In section 2, We developed an electrochemical etching technique to decapsulate the overcoated anhydride
cured on the epoxy resin. The method uses a KOH alkali solution with DC bias voltage applied to a wafer
level chip size package n-type Si device. The DC bias acts as an electrical-etch-stopper of the n-type Si
device’s substrate during the decapsulation of the overcoated resin. The efficiency and effectiveness of our
decapsulation technique were evaluated using a Li ion/polymer protector module device.

In section 3, we found that emission spectral analysis using an optical band pass filter was effective for
estimating the mode of failure for semiconductor devices. Furthermore, we could estimate the failure mode,
including the metal/metal line short mode, from the following power approximatidn formula: Y = aX" of the
photon count increase rate under photon emission microscope observation. These two techniques allow for
much more precise estimations of the representative failure modes of semiconductor devices. Next, we
developed a damage-free, large-area local Si substrate thinning technique for backside photon emission
spectral analysis at an isolated point. We succeeded in estimating the failure mode of semiconductor devices
by backside photon emission spectral analysis using these techniques.

In section 4, we investigated the void formation mechanism in a TiN/AI-1%Si-0.5%Cu/anti-refraction




coating-TiN multilayer structure. The nitriding processing temperature of the underlayer barrier Ti film and
the characteristics of the upper plasma enhanced Tetraethyl orthosilicate SiO2 film had evident effects on the
void formation mechanism. We will demonstrate the formation process of a new void.

In section 5, we investigated the corrosion of the anti-refraction coating-TiN film (TiOsNy-oxidation) in
semiconductor devices due to residual moisture after a crack is generated in the tetraethyl orthosilicate-oxide
or spin-on-glass SiO, film. We examined both metal line layout and tetraethyl orthosilicate-oxide film
characteristics. The root causes of cracking were the low refractive index of the cap-tetraethyl
orthosilicate-oxide film and the wide, long metal2 edge location on the spin-on-glass SiO, film. Next, we
examined the cause of the fluorine detected during the corrosion of the anti-refraction coating-TiN film. More
specifically, energy dispersive X-ray spectrometry analysis detected that fluorine reacted with the Al line in
the underlying layer after diffusing through the porous TiOxNy film.

In section 6, we investigated the root cause of a via high resistance issue due to fabrication process variations
and mismatching design rules. The analyses revealed the root cause as the formation of a TixAly layer with
small, porous void areas around the failed via bottom due to poor step coverage of the TiN/Ti barrier layer.
Next, design rule analysis indicated that the via high resistance issue tends to occur only at high-driver cells
with many fan-outs. From these combined analyses of fabrication and design, we found that metall layout and
the location of the via on metall influence TixAly and void formation. Metal line design rule is thus strongly
related to this via high resistance issue.

In section 7, we verified the accuracy of failure localization by a software-based fault diagnosis technique
through comparison with failure localization by photon emission microscope analysis and optical beam
induced resistance change analysis. We found that the software technique could accurately localize the failure
with a high probability (85.7%). Although software-based fault diagnosis is a powerful tool for failure
localization, it must be combined with hardware techniques such as Photon emission microscope analysis and
optical beam induced resistance change analysis to maintain its accuracy.

In section 8, we consider the future of failure analysis technology for both cutting-edge and old design
devices, and we consider the skills, qualities, and abilities a technician must have to conduct failure analysis
on both types of semiconductor devices.

As described above, the interdependency of circuit design, layout design, and manufacturing has become
increasingly important for semiconductor device reliability. Because the failure modes of semiconductor
devices have also become increasingly complicated, reliability problems can often not be solved by finding a
conventional single failure mode for a failure phenomenon. Failure analysis engineers should conduct failure
analyses in consideration of complex failure modes. The reliability of next-generation semiconductor devices
can only be improved by fundamental measures and improvements fesulting from the investigation of

complex wear-out failure mode by multifactor and causes.




