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Research Context and Motivations

High-intensity radiation fields (HIRFs) and Electromagnetic Interference (EMI)
can result in software or even hardware failure for many electronics devices
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] ERoTa . Research Context and Motivations
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Aggressor Grid Metallic Enclosure
3 | = Design through simulation
. Diodes | 1. Full time-domain solvers
i, 2. Hybrid techniques: decouple
T !i.h .l:ll o
ool * linear part
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Frequency-domain solver based on Method of
Moments (MoM)
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—] [ Research Context: Hybrid Solver
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Large-scale LTI system

terminated with many
oc t o
/ Vo (?) \ nonlinear loads

~
N

Aperture 1 A

Main ingredients

_ 1. Characterization of the
vy A shielding enclosure > H(s)

y / 2. Characterization of
nonlinear terminations

3. Incident field e;, (1)
—> eqv sources V,.(t)

*T. Wendt, C. Yang, H. D. Bruns, S. Grivet-Talocia, and C. Schuster, “A Macromodeling-Based Hybrid Method for the Computation of Transient Electromagnetic Fields
Scattered by Nonlinearly Loaded Metal Structures,” IEEE Trans. Electromagn. Compat., vol. 62, no. 4, pp. 1098—-1110, Aug. 2020, doi: 10.1109/TEMC.2020.2991455.
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Circuit Problem
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= Lo Box Characterization: Lossless LTI System
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Remove loads = Field Solver 2 Data H(s)—> Model
3 frequency regions
1. Qg high-frequency, rich of resonances
Field Solver

2. ; mid-frequency, asymptotic behavior
} 3. Q gap region, unknown with solver MoM

© 2022 IEEE (MoM)
NO
Loads I ...1Pm| - 108
107 | )
0 Q Q
—~ 100 - Qa o Q; 5 = 10° E-- G < L < L]
—10%¢ \ — 10%F \
=10tk 2 10 \
el N
10 fi;_ 10”.—
108§ . R e 102E . N
10° 106 107 108 10° 10° 107 10%
Frequency (Hz) Frequency (Hz)

European Virtual IBIS Summit
26 May 2022

Low-Frequency Modal Extrapolation and Regularization for Full-Bandwidth Macromodeling of Electromagnetic Structures



—] [ Why a Shielding Enclosure?
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Most general case
Both Y(jw) and Z(jw) show a pole at DC!!!
¢ w—-0 ->Y(jw) >

c w—-0->Z(jw) >

Field Solver
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=, Macromodeling Challenges (1/3)

] ELEKTROTECHNIK

Remove loads = Field Solver = Data H(s)—> Model

\ Macromodeling challenges A

a) DC point is missing
} b) Wide low-frequency gap (),

Field Solver

© 2022 IEEE (MoM)
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=, Macromodeling Challenges (2/3)
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Remove loads = Field Solver —{ Data H(s)—} Model

\ Macromodeling challenges A

a) DC point is missing

. b) Wide low-frequency gap (),
Field Solver
© 2022 IEEE (MoM)
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Data Regularization (1/3)

1. How to regularize Z(s)? How to regularize MoM data ?
—>add shunt resistor R 1. Y(s) — Y(s) + %]I

T
m@)i@z is (4 }5 iSCDE’S 2 D?Q ”"JQEMSGER I IG Ig
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233 EMC P | Data Regularization (2/3)
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How to regularize MoM data ?

2. How to regularize Y(s)? 2. Z(s) — Z(s) + 7l

. . © 2022 IEEE
— add series resistor r
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22 EMC T | Data Regularization (3/3)

200t Group = clecrmorzonmix

1. How to regularize Z(s)? How to regularize MoM data ?

—>add shunt resistor R 1. Y(s) —Y(s)+ %H
2. How to regularize Y(s)? 2. Convert to Z(s) = (Y(S))_l
— add series resistor r 3. Z(s) — Z(s) + 7l
b §R o §R DC matrices can be analytically
- - computed for all system representations
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Vp ; R Vip+p § R p TR
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= one Macromodeling Challenges: a 25-port Box(3/3)
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What if we

built a model?

© 2022 IEEE

Macromodeling challenges
)_DC point ismissi
v’ Physics-based DC point
added for model generation
b) Wide low-frequency gap (),
» LF extrapolation is needed
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=L Low Frequency Extrapolation (1/4)
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Start with original data 102
I L 0F Qo
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] ELEKTROTECHNIK

Start with original data 102
. - 0f Qg
1. Eigenvalue decompositionatDC & [
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Low Frequency Extrapolation (3/4)
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Yo =QA0Q", A=Q'Y,Q= [RO | lﬂ(] (2) 10 4
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Low Frequency Extrapolation (4/4)
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Why not a Direct Extrapolation?
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Direct fit at low-frequency
—> inaccurate results
(changing representation)

MoM Data we= -Extrapolated‘

.“f’—f—ff—fii, I 106 107 108 109
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Start with original data 10?
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Regularization in the Modal Domain
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Capacitive blocks are responsible for the 10
singularity of (modal) admittance in DC 10°

10° 10° 10¥
Frequency (Hz)

Minimize the perturbation: modify only the
eigenvalues associate to capacitive blocks

5. Regularize data in the modal domain
a) Regularize (modal) admittance Yo (jw) = Yo (jw) + [ﬁo 0

b) Regularize (modal) impedance Zm (jw) =

Y
6. Convert back to the physical domain  Z(jw) = QZ,.(jw) Q"

E Vi [ 1BI i . .. . . .
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Well-defined full-bandwidth data
- now we can build a model

6. Convert back to the physical
domain
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A 25-ports Shielding Enclosures
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Shielding Enclosures of Increasing Complexity

| THEORETISCHE

ELEKTROTECHNIK

© 2022 IEEE 100 ports 400 ports © 2022 IEEE
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From: M. De Stefano, T. Wendt, C. Yang, S. Grivet-Talocia, and C. Schuster, “Regularized and Compressed Large-Scale Rational Macromodeling:

Theory and Application to Energy-Selective Shielding Enclosures,” IEEE Trans. Electromagn. Compat., accepted

European Virtual IBIS Summit
26 May 2022

Low-Frequency Modal Extrapolation and Regularization for Full-Bandwidth Macromodeling of Electromagnetic Structures



=L A Simulation Example with 400 Ports
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/ \ / Voe,1(1) \
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* H(s) is a 400-ports box (85 poles) Time (s) (105
© 2022 IEEE
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Currents (A)
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[\]
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Incident wave e,,.(t) is a Gaussian Modulated Pulse centered at 400MHz

The resulting v,.(t) has a maximum amplitude of 473 V
HSPICE Elapsed time: = 1.27 hours
Hybrid solver (Proposed) time: = 203 seconds = SPEED UP = 22X
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Systematic Performance Comparisons

* 100-port Box + Gaussian Modulated Pulse

e 25 different simulations
« Sweep on center frequency and amplitude

* 2 SPICE representations
(Foster and Equivalent Circuit)
 Total of 50 simulations
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T
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Now we can run
systematic analyses safely!
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P Group = IS Conclusions

A full-bandwidth regularization and extrapolation procedure

* Reliable data pre-processing phase for later macromodeling
* Full control of DC = nonlinear simulations
* Data driven = no need of a specific solver for the low-frequency extrapolation

* Applicable to multiport structures with similar asymptotic behavior
— DC regularization circuit is needed

* |f a DC characterization is already available 2 minor modifications
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Thank you! Questions?
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