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Conclusions

The focus of Part VII is on multi-layer power distribution networks. Due to
differences in the physical dimensions (thickness, width, spacing) among the metal
layers within multi-layer systems, the ratio of the grid resistive and inductive
impedance varies for each metal layer. The resistive impedance as compared to
the inductive impedance of the upper metal layers is typically lower, while at the
lower metal layers, the inductive impedance is lower. The high frequency current,
therefore, propagates in the lower metal layers, while the low frequency current
propagates in the higher metal layers. With advancements in technology and higher
frequencies, a greater amount of the current propagates in the lower metal layers,
requiring more careful design of the lower metal layers.

To fully utilize a multi-layer system, the current density needs to be maintained
relatively equal among the layers, providing higher reliability for every metal layer.
This objective can be achieved by widening the power lines of the lower metal
layers, producing a power/ground network similar to a pyramid shaped structure.
Other design issues, such as routability and heat removal, need to be simultaneously
considered when designing power delivery systems.

With recent integration trends in semiconductor technology, the complexity of
heterogeneous integrated circuits has significantly increased. Multiple structures,
in the past designed and analyzed independently, now need to be merged to more
accurately analyze performance. This integrated approach supports the development
of design methodologies and architectures for optimizing noise, power, area, and
other resources. As an example, a globally integrated power and clock distribution
network is described which utilizes a single network to distribute both global
signals; thereby reducing metal requirements. The power delivery network, clock
distribution network, and substrate need to be modeled as one integrated system to
more accurately characterize the noise signature and circuit performance.
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