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This thesis discusses problems of on—chip power supply noise focusing on timing. As CMOS
technology has advanced, power supply noise is having a more significant influence on timing
Power supply noise is predicted to be more serious in the future due to increasing current
consumption and decreased power supply voltage. For continuously enhancing circuit performance by
eliminating an excessive design margin, timing analysis is required to take into account delay
variation due to power supply noise. At the same time, it is also a requisite to design a power
distribution network (PDN) which mitigates noise—induced delay variation.

In the past, timing analysis under power supply noise has been studied. There has been
however, a profound problem that power supply noise fluctuates according to the input patterns
whose combinational space is tremendously vast. Although a rigorous analysis on the worst—case is
almost impossible, designers have to quantitatively ensure that the designed circuit will operate
at the target frequency before they fabricate it. Therefore, this thesis takes a statistical
approach and regards the fluctuation of power supply noise as a probability distribution.

This thesis statistically models power supply noise and applies the model to the existing
statistical static timing analysis (SSTA). When noise—aware timing analysis is performed, the
correlation of power supply noises is a key factor to be considered. Therefore-in the statistical
modeling, the spatial and temporal correlation of power supply noises must be contained. For
efficiently modeling such correlations, principal component analysis (PCA) is adopted as an
orthogonalization method in the modeling, which successfully facilitates the correlation-aware
timing analysis. In addition, thanks to the strong correlation of power supply noises, PCA
provides another advantage that the fluctuation of power supply noise can be approximated by only
a small number of random variables. Moreover, PCA enables us to treat manufacturing variability
and power supply noise in a unified manner

When SSTA is performed for industrial circuits, another problem comes up. The existing SSTA
discards the structural correlation information of random variation components. On the other
hand, a circuit with the clock distribution network faces the structural correlation problem,
because two paths including clock buffers have a high possibility to share common clock buffers.
This thesis proposes a simple yet effective assignment of random variables for overcoming the
drawback of the existing SSTA. In an experiment, only ten additional variables decreased the
estimation error within 0.1 ps difference from that with more than 2,000 variables
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Now that the statistical noise model and SSTA algorithm are available, the next problem is how
to incorporate the statistical noise model in SSTA calculation. The difference of power supply
noise from manufacturing variability is time—variant property. Therefore, the proposed timing
analysis computes the delay of a gate according to not only its location but also its switching
timing. Experimental results demonstrated that the proposed SSTA could accurately estimate
delay. Thanks to PCA, SSTA with less than 1% of the originally assigned random variables also
attained accurate estimation and its difference was within 1% from that of SSTA with all PCs
Moreover, experiments with industrial processors revealed that timing analysis with constant DC
voltage drop pessimistically estimated the worst setup slack by over 500 ps.

The remaining problem is designing a power distribution network which mitigates noise-induced
delay variation. By applying noise-aware SSTA, this thesis proposed a timing-aware PDN
modification method. Although most of the existing PDN modification methods separately handle
timing and PDN resource due to the difficulty in associating PDN resource with' timing, PDN
modification with the proposed method explicitly aims at timing improvement. The proposed method
computes the timing sensitivity to decoupling capacitance (decap) and wire width considering
dynamic noise behavior and noise dependence on input patterns, and then modifies PDN based on the
sensitivity. The sensitivity calculation is efficiently performed with an approximation and
adjoint sensitivity analysis. Experimental results showed the proposed method reduced the
increased delay by 3.13¥% on average with only 40.0¥% of the decap amount. As for power wire
expansion, the proposed method required 11.5¥% less wire resources to attain the same circuit
delay.
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