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Today�s Questions: 

What are the open problems in circuit 
simulation?   Where are the opportunities to 
have an impact on industry?
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Personal View of 1990s

� Market Driver : Wireless Communications 
- RF simulation becomes mainstream 

� Technology Driver : Deep-Submicron Integrated 
Circuit Processes
- Local parasitics are important 

� New (Enabling) Numerical Technology : Krylov-
subspace methods 
- Full-Chip RF simulation 
- Model reduction for circuit, signal-integrity analysis 
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Example 1 : RF Circuit Simulation 

� Multiple Timescale Problems
- Carrier : 1 GHz 
- Voice/Data : 10-100kHz 

� RF systems are designed to shift frequencies 
� Intrinsically nonlinear, time-varying! confusing 

f0
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Example 1: RF Circuit Simulation 

� Dedicated tools provide value for designers
- Steady-state methods trade equations for insight 
- A good trade if you can solve lots of equations fast 

� Before : Spectral methods (harmonic balance) 
- Good match to microwave design, linear circuits, traditional RF 

performance metrics 

� Alternative : Shooting methods 
- Good match to existing circuit simulators, strongly nonlinear 

models  
- Very robust
- Lack dynamic range; frequency-domain modeling  is hard 
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Multiple Timescale Problems 

� Multi-Interval Chebyshev-based method : 
continuum between spectral and Gear

I II III IV V

Subintervals
High order where smooth, low order where irregular ; 
helps w/ linear, nonlinear convergence also! And we 
can use frequency-domain models. 
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Predictions 

1990s 2000+

� Communications Driver 
- Narrowband 
- 1-5GHz 

� Digital DSM ICs
- Local Parasitics 
- Managing Scale 

� Analysis Focus
- Simulation 

� Still Communications 
- Wideband 
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Multiple Timescale Problems 

� Open problem :  unstructured (marginal �carrier�) 
systems.  
- Frequency synthesis 
- Clock & data recovery 

� Challenge : noise analysis
- At transistor-level (accurate) 
- In time comparable to steady-state methods 
- With a supporting analysis framework 

� Key numerical technology : ??? 
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Predictions 

� Communications Driver 
- Narrowband 
- 1-5GHz 

� Digital DSM ICs
- Local Parasitics 
- Managing Scale 

� Analysis Focus
- Simulation 

� Still Communications 
- Wideband 
- >> 5GHz 
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High-Frequency Modeling 

� Distributed effects become relevant for AMS ICs 
somewhere above 5GHz 

� Challenge : Circuit model generation from 
integral equation codes 
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Lumped Linear Systems 

� State-space models, input    , output

� Frequency domain form 

DuCxyBuAx
dt
dx
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Model reduction : in a rigorous manner, generate a 
system of the same form,  but smaller dimension, 
with input-output behavior approximately the same
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Distributed Linear Systems 

� State-space models, input    , output 

� High-frequency  problems produce frequency-
dependent
- full-wave integral equation solvers 

- solvers with substrate interactions

u y

BsAsICDsH 1))(()( −−+=

DuCxyBuxsAsx +=+= )(

)()()( susHsy =

)(sA



13

Passivity 

� Passive systems do not generate energy.   We cannot 
extract out more energy than is stored.  A passive
system does not provide energy that is not in its storage 
elements.   t
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! Strictly passive systems dissipate energy and satisfy
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! If the reduced model is not passive it can 
generate energy from nothingness and the 
simulation will explode 
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Causality 

� We further suppose our systems have a 
convolutional representation 

� A causal system is not anticipative 
- present outputs depends on past inputs, not on 

future inputs
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Projection methods for linear systems 

" Projection squashes matrices to smaller size

A A^Q

TQ

" How to get       ?   How to represent          ?  Q )(sA
Projection must match frequency response 
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Our Procedure

1) Projection: from matrices of size ~100,000 frequency 
dependent, to size ~20 still frequency dependent

2) Interpolation: captures frequency dependency with 
globally uniformly convergent rational approximant

3) Realization of a reduced dynamical linear system
- can do this because the interpolation functions are rational 

4) Passivity check +  further reduction
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Step 3: Realization (example)

� Real part of 
frequency response

! Inductive part of 
frequency response
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High-Frequency Modeling 

� Our procedure : distributed ! lumped 

� What about : distributed ! distributed ? 
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