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generation

propagation impact

Goal: simulate substrate noise 
generation of large digital circuits
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Approach:

• Find simple but accurate SPICE substrate models 
for digital standard cells

• Very the SPICE substrate noise simulations with 
measurements

• Develop a high-level substrate noise simulation 
methodology, based on the SPICE models

• At first, for low-ohmic epi-type substrates

(Alcatel Microelectronics 0.5 um CMOS)



© IMEC 2000

Outline

• Motivation

• Introduction Substrate Noise Generation

• low-level (SPICE) modeling and measurements

• Conclusions



© IMEC 2000

Two sources of substrate noise: 
switching gates and the power supply
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External parasitics create power supply 
noise
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Substrate noise versus package parasitics
Wirebond and Flipchip implementation
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Epi-type substrate can be approximated 
by one electrical substrate bulk node
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Low-level (SPICE) substrate model
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Active substrate noise sensor to directly 
measure the substrate voltage
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Transfer function of the noise sensor
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Experimental ASICs to verify the low-
level SPICE substrate models
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Clocked ring oscillator used for substrate 
noise generation
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Dominant substrate noise source 
determines the noise waveform
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Good agreement between measured 
and simulated substrate noise
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>80% of noise power is generated by 
simultaneous switching of core cells
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Substrate noise power scales as CMOS 
power consumption : Vsub2 ~ f Vdd2
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Frequency spectrum of generated 
substrate noise

power supplyMOSFETs



© IMEC 2000

Increase of substrate noise at clock 
multiples and due to ringing
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Conclusions from the measurements

• in most practical cases, substrate noise is caused by 
power supply noise coupling

• simultaneous switching of core cells (mostly flip-
flops) generate more noise than IO buffers

• ringing of the power supply will increase the 
substrate noise

• in the frequency domain, substrate noise is concen-
trated at multiples of the digital clock frequency, with 
peaks up to 40 dB above the substrate noise floor
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Conclusions on modeling

• when modeling and simulating substrate noise gene-
ration all noise sources should be taken into account:

• switching gates

• power supply noise

• package parasitics

• for epi-type substrates a simple SPICE substrate 
model can be used
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Related work and References

• Related work: High-level modeling and simulation of 
digital substrate noise generation

• BANDIT project (see HTTP://www.imec.be/bandit/)
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