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This thesis discusses modeling and characteristics validation of on-chip noises based on in-situ measurement
results. Our targets of modeling and characteristics validation are crosstalk noises on interconnects and power
supply noises. Importance of crosstalk noises has been growing up because of shrinking interconnect width,
height, and spacing, relative increase of interconnect delay, and sharper signal transition. Seriousness of power
supply noise is rising because of lowering supply voltage, increasing current consumption, and magnifying
instantaneous current, that is dI/dt. Modern physical designers of VLSI (Very Large Scale Integration) need
effective methods to estimate and mitigate these issues. This thesis aims to establish a modeling method for
accurate and/or fast simulation, to clarify noise characteristics, and to validate noise reduction techniques.

In this thesis, an impact of inductive coupling noise in a bus structure is measured on a test chip fabricated in
an 90 nm CMOS process. RLC distributed constant model is built for simulation with a 3D-field solver. The
simulated delay variation of interconnect is consistent with the measured delay variation, and adequacy of the
constructed simulation model is verified. Measurement results with several TEGs (Test Element Group) reveal
the validity of several noise reduction techniques and a long-range coupling effect, and characteristics of
inductive coupling noise are observed on silicon.

Next, impacts of capacitive and inductive coupling noises in future processes are quantitatively predicted
based on simulation. The prediction result indicates that capacitive coupling noise dominates inductive
coupling noise according to shrink of interconnect dimension. On the other hand, on an assumption that the
interconnect scale is kept constant to maintain the interconnect performance, inductive coupling noise becomes
significant in advanced processes.

This thesis measures power supply noise on silicon from two different aspects. The first measurement focuses

on gate delay variation due to power supply noise. The measurement results validate adequacy of developed
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full-chip simulation model and effectiveness of delay estimation with average voltage drop. The developed
variable switch model for full-chip simulation can reduce the computational cost by 94%. The measurement
results with ring oscillators well correlate with simulation results with the variable switch model.

The second measurement focuses on waveform measurement, and an all-digital measurement circuit for
dynamic power supply noise waveform is proposed. The proposed circuit consists of standard cells and is
suitable for embedding in digital circuits. The dynamic noise waveform is observed with the proposed circuit on
a test chip. Voltage resolution and sampling rate of the proposed circuit measured on a test chip were 10-20 mV
and 2-3 G samples per second respectively. The characteristics of decoupling capacitance are also evaluated

with the measurement results by the proposed circuit.
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