
©  October, 22nd 2004Philips presentation – Magwel

Wim Schoenmaker CTO Magwel



©  October, 22nd 2004Philips presentation – Magwel

Outline

� Why the CODESTAR project ?

� Combined in- & on-silicon simulation

� CODESTAR quick overview

� Magwel results



©  October, 22nd 2004Philips presentation – Magwel

Why the CODESTAR 
projectDownscaling Integration of passives 

Understanding in-depth the physical effects in electromagnetism

Predictable characterization structures combining in- and on-silicon

Modeling gets interesting due to high-frequency effects
Example: Interconnects

lumped elements ?  transmission lines ?  full wave ?

Example: on-chip passives

Q factor ?  Substrate coupling ? 



©  October, 22nd 2004Philips presentation – Magwel

��
��

�
��

�	
�


��
�

�
�
�
�


� �� � � � � � � 
 �


� �� � � � � � � 
 �

� 
� � � � � � � 
 �

� � � � � 	 � � � 
 �

� 
� � � � � � � 
 �

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�


 � � � � 	 � 
 � 
 �

�
�
�
�

� 
� � � � � � � 
 �
� � � � � 	 � � � 
 �

�
�
�
�

Non-Gate-Length Performance Innovation

� ��  � � �� ! "#

� � � � �$�
� %� � � � � �&

� � �$�

� � %� � �

ITRS roadmap



©  October, 22nd 2004Philips presentation – Magwel

Interconnects

On-chip connections between transistors

Dimensions/pitches still decreasing
Increasing clock frequencies

Frequency dependent factors become more and more important:
e.g. Cross-talk, skin effect, substrate currents, proximity effect
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High-frequency effects
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In- and on-silicon coupling

Compact model /
Reduced order model

Substrate
Compact model /

Reduced order model Circuit
simulator

Device 
Simulator

Full-wave 
EM simulator



©  October, 22nd 2004Philips presentation – Magwel

Proposed Solution

– Merge of a electromagnetic field simulator and a device 
simulator into a single tool

– Iterative looping through two tools OR construct a new 
tool from scratch ?

Device 
Simulator

Full-wave 
EM simulator

Full wave EM - Device Simulator
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� Iterative behavior in the Gummel mode 
� (Looping through TCAD and EM cyclic)

TCAD-residual (X)

E
M

-r
es

id
ua

l (
Y

)

GHz5<w

convergence

TCAD-residual (X)
E

M
-r

es
id

ua
l (

Y
)

GHz5>w

divergence

TCAD-residual (X)

E
M

-r
es

id
ua

l (
Y

)

GHz5»w

oscillation

In- and on-silicon coupling



©  October, 22nd 2004Philips presentation – Magwel

Combining in- & on silicon 
simulation

On-silicon (EM) needs 
Electromagnetic simulation

In-silicon (TCAD) needs 
semiconductor simulation

@ f > few GHz

High frequency effects (>few GHz) induce substantial coupling between in-silicon 
(front end) structures and on-silicon (back-end) layout.

Integrated simulation is a necessity
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Magwel approach

� Using the language of Kirchhoff: 
o Poisson field – biases  Vi , at ports
o and now also (unavoidably) vector potential A
o Spice compatible

� And full 3D approach in frequency space

� You can include high frequency effects
o provides you with R(w), C(w), L(w),G(w) 

parameters
o Or equivalent circuits
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Why V and A ?
• For semiconductors:

• Electric field (force)  does not enter the Boltzmann factor 
but the potential V  (energy) does so!
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Numerical approach
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Constitutive laws
Conductors
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Intermediate summary

� What do we offer ?

� Integrated simulator for device equations and Maxwell equation

� One simulation can deal with insulators, semiconductors and 
metals

� S-parameters, SPICE netlist available
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Create simulation software that:
� Inputs:

o Designs of on-chip integrated passives,
o Material properties , physical information

� Engine:
o Set-up field EM field equations
o Solves field equation or
o Order reduces field equations

� Output:
o Compact models describing high-frequency behavior 

in given frequency range with given accuracy

CODESTAR quick 
overview
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� Measures of success:
� Spiral inductors with at least 2 windings + under path, with line widths of 1 micron over a

semiconducting substrate including the drift-diffusion flows. The frequency range will be from DC 
up to 10 GHz, for a mesh size of at least 20x50x50 nodes. This calculation will be carried out in 
no more than 180 minutes. The result of the code will be the RLCG parameters of the structure, 
as a function of the frequency under consideration. The accuracy obtained will be less than 5%. 
This benchmark requires 4 x 106 unknowns for acquiring the solution

� Various three-dimensional structures like line splits, widenings and crossings from DC up to 20 
GHz micron over a semiconducting substrate including the drift-diffusion flows, for a mesh size 
of at least 40x40x40 nodes. This calculation will be carried out in no more than 180 minutes

� Reduced Order Modeling benchmark specification, our commitments are:

� Frequency range 0-20 GHz

� Initial state space size (number of Degrees Of Freedom) > 100.000

� Expected final state space size < 30.000

� Expected accuracy over the frequency range 5 %

� Topological and geometric complexity: corresponding to 3D field solvers benchmarks

� Clock wall computing time on state-of-the-art SUN workstation: 10.000 seconds

Aim of CODESTAR
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Project Partners

IMEC (BE)

MAGWEL (BE)

Ghent University (BE)

austriamicrosystems(AU)

PHILIPS (NL)

TU/Eindhoven (NL)

Polytechnical University Bucharest (RO)
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� Project organized in 5 work 
packages

� WP1: field solvers
� WP2: reduced order modeling
� WP3: implementation
� WP4: test structures
� WP5: dissemination & exploitation

Codestar quick overview
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Workpackages/ 
overview
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Workpackage 1

� � 
 � � 

�� � 
� � �
� �� ��� �� ���� �� � � � �

� �	 � �
� � 	 � �� ��� � � � �

� �� ��� �
�� �� � �� ��� � �

� � � � � ��� �� �

� ! " # � � �
� � 
� � �

$��� � ���� 
 ��� � ��� � �	 � � � �

%� � $
� � 
� � �



©  October, 22nd 2004Philips presentation – Magwel

Workpackage 2
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Workpackage 3
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Workpackage 4
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Solver flow diagram

Field solver

Order 
reduction 
techniques

geometrical info 
electrodynamic parameters EM-fields

State space form
of field solver

Reduced compact model
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Team
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� Reviewers extremely positive
� Project successfully closed
� Complete system available
� All deliverables accepted 

o Total : ~3000 pages 
o Much work  in-depth mathematics of the 

problem

o Code: ~ MAGWEL solver, ROM-workbench
DFIT (LMN) successful
PEEC and FDTD are not suited  for 
on-chip applications

Codestar Final Review: 
outcome
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Magwel DEMO
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- Nodes: 1404

- Size: 20 um x 264 um

- Height: 12.69 um

- Frequency range: dc-30Ghz

- Calculation time: 60 s

1 Ghz 10 Ghz 20 Ghz 30 Ghz

Magwel results coplanar line



©  October, 22nd 2004Philips presentation – Magwel

Magwel results coplanar line
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Magwel results coplanar line
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Magwel results coplanar line
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Magwel results coplanar line
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open-short de-embedding

open short device

de-embedding

Magwel results Capacitance
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Magwel results Capacitance
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Magwel results Capacitance
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Conclusions

� CODESTAR challenges have been tackled 

� Excellent collaboration with the industrial partners 
(Philips, austriamicrosystems)

� Magwel invites you to share your challenges with us !


