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Device and System Level Simulation
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A How to make a model at system level from that at device level?
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Compact Modeling: Transistor Compact Model
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Figure from J. Lienemann, E. B. Rudnyi and J. G. Korvink. MST MEMS model
order reduction: Requirements and Benchmarks. Linear Algebra and its

Applications, v. 415, N 2-3, p. 469-498, 2006. cﬂnFEm



Compact Thermal Models

Device Topology RC network |Parametrization Parametrized
» » | compact model

A Looks understandable i but how to do it in practice?

Fi gur e f r ohRastSimdatidn of&lkectraiThermal MEMS: Efficient Dynamic
4 Compact Models.0Springer, 2006. cnnFEm



Comparison: Electrical vs. Thermal

Electrical flow Heat flow
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Conductor
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A Thermal phenomena are much more distributed, it is hard to lump
them.

Fi gur e f r olRastSimdatidn of &lkectraiThermal MEMS: Efficient Dynamic
Compact Models.o0Springer, 2006.
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Model Order Reduction

A Relatively new technology:
A lt is not mode superposition;
A lt is not Guyan reduction;

o Approximation
Altis not CMS. of Large-Scale
Dynamical Systems

A Solid mathematical background: ~
A Approximation of large scale - I I I
dynamic systems
. o _ Athanasios C. Antoulas
A Dynamic simulation:

A Harmonic or transient simulation

A Industry application level:
A Linear dynamic systems
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Linear Model Order Reduction

M‘odeAI Order
Reduction
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Control Theory
BTA, HNA, SPA

. o)

_/ \matrix vector product.

Linear Dynamic
System, ODEs

/" Moment Matching

lterative, based on

via Krylov subspaces.

Dimension Reduction
of Large-Scale Systems

Low-rank
Grammian,
SVD-Krylov

/( Arnoldi process

oneside doubleside
Lancsoz algorith

ﬁ\/IOR for ANSYS}
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I Model Reduction as Projection

A Projection onto low- Ex+ Kx =Bu
dimensional subspace

B+ -I=
X=VzZ+¢

I V'EVE+V'KVz=V'Bu
A How to find -I+.I=.I
subspace?
A Mode

superposition is
not the best way
to do it.
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Hankel Singular Values

A Dynamic system in the state-  ¥= AX+ BU 4
space form: H(9)=C(sl-A) B
y =CX
A Lyapunov equations to

determine controllability and AP+ PAT n BBT —0
observability Grammians:

T T
A Hankel singular values (HSV): A Q+QA+C C=0

A square root from eingenvalues
for product of Grammians.

oi =+/4(PQ)
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Global Error Estimate

A |nf|n|ty norm ] - | Nornlai:zed singular values of CrossGrammla:\ X
HEe-H9), = AN

= max;abg(H(s) - HH(S)) \ ~

A Global error for a reduced model 8 . CD player ™,

of dimension k A \ N\, 185 1 modie
.. ! '\

H(9-H(9) < B
2((7k+1+...+(7n) ™
A Model reduction success 2. - - " - S

depends on the decay of HSV.
A LoglO[HSV(i)] vs. its number.

A From Antoulas review.
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Implicit Moment Matching

A Padé approximation

A Matching first moments for the
transfer function

JXH
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Kryl bspace methods for reduced-order model

A Implicit Moment Matching:
A via Krylov Subspace

12

Ex+ KX = Bu
H(s)= ¢E+K "B

H =3 m(s-s)

I_Ired = Z rr‘,red (S_ SO)I
0

m =m g, 1=0,...,r

S =0

V = spaq 3(K1E,K 1h)}
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Second Order Systems

M#H+ B+ KX = Bu
y =CX

defau
- 1 S

Ignore the dampin
matrix during MOR:
roportional Damping

Transform to 1st Use Second Orde
order system. ARnoldi.

Newsors awd Materials, Vol 19, No. 3(2007) 149-164
MY Tokvo SIAM ). SO CoMPUT ) 20006 Soclety for Industrial and Applied Mathomntics
i Vol 26, No 5, pp. 10921709

S &M 0672
DIMENSION REDUCTION OF LARGE-SCALE SECOND-ORDER

; ; . ; DYNAMICAL SYSTEMS VIA A SECOND-ORDER ARNOLDI
Parametric Order Reduction of Proportionally METHOD"

Damped Second-Order Systems D —

Rudy Eid’. Behnam Salimbahrami, Bons Lohmann,

y 7o 5 Abstract. A stroctuse-preserving dimension reduction algorithm for large-scale second-order
Evgenn B. Rudnyy® and Jan G. Korvink®

dyvuamical systems is presented. 1t is o projection method based on a second-order Keviov subspace,

. A\ second-order Arnoldi (SOAR) method is wsod to gonerate an orthonormal bisis of the projection
Inssitae of Ausomaric Conrrol. Teckmical University of Munich

Boltzmanasty 15, 85748 Guclung. Genmiany
"Instirure for Microsvstemn Technology (IMTEK), University of Fretburg
79085 Fretbarz. Genany

subspace. The reduced system not only preserves the second-order strocture but also has the sanm
order of approximation as the standard Arnoldi-based Krylov subspace method via linearkzation
I'he superior numerical propertios of the SOAR-based method are demonstrated by examples from
structurnl dynamics and microclectromechanical systoms

{Receivad October 25, 2006, accepesd Fetimary 22, 2007)

13 Koy words!  codey reduction, second-cqdes systemns. proportiosal dawgping. womnens marching
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Error Indicator

A Key question :
What is a suitable order of the reduced error estimate:
. a way to automate MOR
system for a desired accuracy? (ST \
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A comparison of reduced systems of order
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Error indicators for fully automatic

extraction of heat-transfer macromodels
for MEMS

Timpmm Beehiold, Evgmii B Endnyi and Jon G Korvink
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I Convergence of Relative Error

Trueerror:  E (S)= H (SI)_I_(IS_)Ir (s) Main result:
E(9~E(9)
Error indicator: IEr(S) H, (SI)—l (H)r+1(s) L_I
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Nonlinear Input

R=R(M)=R,-(L+aT +AT*+..)

l Nonlinear input

¢ T+ K T=F-QLT)=F.

U °(t)
R(T)

Input function does not
participate in MOR

VTCV.-#+VTKV.z=VTF.Q(t,V" -2) l

Control temperature is a
single node temperature T

QL T)=Q(y () =Q( -2 l

16

Uheater:14v

100

200 300 400 500
Temperature (°C)

Temperature (°C)

— Full-scale model (73 955DOF)
— — Reduced model order 10

2 3 4 5
Time (s)




Information on ModelReduction.com

7~ Madel Reduction - Windaws Internel Explorer , e _IQIS(I
K-~ e httm-//modsiredction com ModeRedhctory/ #i o xflcooor P
Danel Bearbesitan Anskhit  Faverlten Extlas 2

W 4 e Model Reduction | | Zov Bl -y St SEdse ¥

Discussion group for model reduction: hitp://groups googie.com/group/mordansys. You can subscribe on-line or by sanding a dummy e-mail to mor4dansys-
subscribe roups.com

Book Fast Simulation of Electro-Thermal MEMS: Efficient Dynamic Compact Modeis. Book at Amazon or Springer.

Home  Model Reduction Applications Teaching MOR for ANSYS |
IMOR Home Linear  Second Order Parametric Weakly Nonlinear Nonlinear |

Model Order Reduction

Model reduction or model order reduction is a mathematical theory to find a low-dimensional approximation for a system of ordinary
differential equations (ODEs), The main idea is that a high-dimensional state vector is actually belongs to a low-dimensional subspace
as shown in Fig. 1.

x=Vz+¢

Fig. 1. Idea of a low-dimensional subspace.
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I MOR for ANSYS: hiip://ModelReduction.com

=== Simulink,
ANSYS Model | Liechud Simplorer, VerilogA,
3 1.G. Korvink z
Fast Simulation € Y
of Electro-Thermal
= MEMS
v o Efficient Dynamic
g2 Compact Models i ]
. s Small dimensional
FULL files maitrices

M#H EX+ KX=BU  |inear Dynamic .
{ = System, ODE MOR Algorithm
Current version 2.5
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