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A Assumption and scope of this talk.
A Research background GEMat QWED.

Al ' &S a0dzRASEa FTNRBY v295Q04a AVRC
- waveguide components,
- antennas,
- microwave ovens,
- material measurements.
A Acknowledgement andomclusion.
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The Problem

Traditional microwave design:
C hardware prototyping, trimming, and tuning
C multiple, time-consuming iterations

CRATFTTFAOdMzE O (2 G2ftSNIGS Ay G2RIFé&Qa O2YLISUA

1-2 Quarters Months
from: M.Hill & M.Celuch, IPC APEX EXPO 2021 (iNEMI project present:




o IMS The Approach
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Innovation Creativity

OBJECTIVES: |-design faster -new idea

- explain & remove glitcheg - crossover ideas

AD tool
FACILITATORS f\:drcuit 100IS

A electromagnetic
A multiphysics
A optimization

rbvirtual prototyping
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ﬂn‘n 3 decades in a nutshell

T Electromagnetic simulation
& design software 3D & BOR 2D tools

based on 300+ publications by:

R&D projects

EU FP4 COPERNICUS 1994-96 T commercial version of QuickWave

FP6 SOCOT T development and validation of an optimal
methodology for overlay control in semiconductor industry, for
the 32 nm technology node and beyond.

FP6 CHISMACOMB i development, modelling, and
applications of chiral materialsY EM val i dati on

Eureka E! 2602 MICRODEFROST MODEL T innovative

prof W.Gwarek, IEEE Fellow, DML, Pioneer A

software-based product development tool for simulating and

dr. M.Celuch

*x

*
*

*

*

THE EUROPEAN
INFORMATION
TECHNOLOGY
PRIZE

. H Winner

PREZES RADY MINISTROW

przymaje 111 nagrode
rajowe osigghi¢eie naukowo-techniczne

Instrumentsfor precise

material measurements
basedon 300+publications

optimising heating and defrosting processes in microwave oven:
FP7 HIRF SE (High Intensity Radiated Field Synthetic
Environment) - numerical modelling framework for
aeronautic industry

Eureka FOODWASTE 1 developing new microwave treatment
system for high water content waste

C)‘“r) ERA-NET MNT NACOPAN i applications and modelling of
nano-conductive polymer composites

N NGAM2 i designing an industrial device for thermal bonding
of bituminous surfaces with the aid of microwave heating

1 R F

MMAMA (Microwave Microscopy for Advanced and Efficient
Materials Analysis and Production) T EM modelling &
characterisation for the development of high efficiency solar cells

NanoBat - developing a novel nanotechnology toolbox for quality

A4
Consultancy& design services
=i Ibasedon EMexpertise& tools
3 feam of 10+engineers, BhDs 2 Profs
7/ keyareas MW powerappliances

"2 212223242526272829
Frequency (GHz)

customisedesonators antennas&feeds

- Nano@ testing of Li-ion and beyond Lithium batteries with the potential to

redefine battery production in Europe and worldwide.

ULTCC6G_EPac 1 development & application of novel
e, ceramics for 5G & beyond
w22 M-ERA.NET I[4BAGS T modelling & characterisation of ion-
implanted battery & graphene-enabled devices

5G_Foil i characterisation and modelling of copper

Z eurek foils for 5G industry

eurostars



o IMS Background
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The work wasnitiated in early 1980s by / RS e T SR .. 1 e

Prof. Wojciech Gwarek Analysis of an Arbitrarily-Shaped Planar

Warsaw University of Technology Circuit—A Time-Domain Approach
- = . . . _ ad(x, y,t
v 2 9 5 Qfaunder(1997) & 1st President (till 2017) LSy (xaty )
veJ(x, p,1)=—~ Cjﬂgﬂ.
t
mEleTmﬂ-'EDFELECTRIOAL:ANDELfL‘IRONlCSENGJNEERS,INL‘_ C Omplltel'- Aided Analysis Of Arbitrarily
oSGk « o Shaped Coaxial Discontinuities
has been elected to the grade of” y ?‘37 e
o s - | . /////%‘g///// —-L WOICIECH K. GWAREK
i m:;zm‘:z‘;:ﬁ:z;ﬁgf"‘"”“” . wi fﬁan{war.zpr’atﬂf_qgng- % S ]
}?ﬁf&ctm#fgmﬂtﬂmu[atm” /- -
%g ‘1| W“ﬁiﬂﬁ‘%}?@# ! Fig. 2. Eavivalent plansr ciruit of the discontinuity of Fig 1.
: | G | / m 73R [EEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 36, NO. 4, APRIL 1988
4] e a2 . o . ‘
A > Analysis of Arbitrarily Shaped Two-Dimensional
A ori ginal conformal 2D FDTD % | Microwave Circuits by Finite-Difference
: il Time-Domain Method
A |IEEE MTB Pioneer Award 2011 =4

! WOICIECH K. GWAREK

| joined the work in 1986,
in 1997 we sold thesicommercial licence faQuickWave
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o IMS  Qur Academic Research 19804990s
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FDTD versus TLM Theory & enhancements Generalised extraction of S-parameters in multi-modal
Theorem of Formal Equivalence transmission lines (incl. evanescent modes)

o oL r

P ——

nodes: FDTD discretisation

of Maxwell eqs.

connecting lines & stubs:
_ TLM discretisation

A, PlaoAt) S({wAt, Foa, fa, Fa)=0

< ==  of Huygens principle ( ) S{ Pea, pa, fra)

a) generalized gridding of a microwave struciure ﬂ?pirz[ - %;’E‘{IE +ﬁ:ph2+ J@p}l ?_,+ ﬁpﬁ 2]2 = ﬂ

mrdarics
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<) genaralized FOTD model
i T, o Cog?

T o At .’?“_'.‘rj .. . Periodic & vector 2D Classification
LNy A A EDTD and TLM of time-domain methods

Generalised dispersion relations
Theory of P- and S-eigenmodes
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oIMS Changing Perspective

Key factors:

U funding by a European project
(providing means)

U dissemination & networking
(showing direction & needs)

San Francisco, 2006




oniMs Case StudyW1: Industrial Design diNgp
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Successful redesign of a septum pd@arifor higher microwave frequencies

Physical port 1 Physical port 2
Te Te
Port 1- TEL0 mode Port 2- TEL0 mode

Physical port 3 - square waveguide

Te e
TE — = < < >
V! V!
Port 3 - TE10 mode Port 5 - TE11 mode

Port 4 - TEO1 mode Port 6 - TM11 mode




oniMs Case StudyW1: Industrial Design diNgp
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Successful redesign of a septum paarfor higher microwave frequencies

1 — : F[GHz]=14.5000
[deg] XL 511)- 0.1254
5 521l= 01012
90 I531l= 0.7051
4 5411- 06298

|55 0.0818

:}:ISH = 02677
/ N Pow SK1= 0999

70

50

30

0=
10 Frequency [GHz] 15

11 12 13 14 Freq.[GHz] ‘Snap at=12000 ‘Scale: Lin. MName: septpolz

measured (x) and simulated (lingifferential phaseshift multi-modal Sparameters and power balance

design & measurements: Saab Ericsson Space, Gothenburg, SE
simulations: QuckWave by QWED, spring 18971, 3software betaver5|on for friendly users!

$IEEE EB3Y:°




eniMsS  Case StudyW?2: Physical Insight ANgp
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Detection of a suckff due to manufacturing offset in a quartz window
-

JREF Snap at=14000 Scale: Lin, Ppos: SK1_TEMPL Mame: MRAOL
waveguide window made @éflon (yellow)and SiG (green)in air-filled waveguidea very
small assymetry (d>0) produces devastating spurious resonances at 70.6 GHz and 10:

$IEEE EB3Y:° <We3D1> 10

i View Results total 12 including 6 from tasker |Z||E|fg|
TS ER e H & L S ML OR [B]2B 9 s 18 G P B
1.2
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0
=] 120
Frequency [GHz]

Symbal - Mame Drarmain W alue

e |57 F=111.50001... 0.051558
e |52 F=111.80001... 0.937522
= |511| assymetic F=111.4000[... 0.033039
— S| assymetnic F=111.40001[... 0.997203




miMs  Case StudyW?2: Physical Insight HANgp

Detection of a suchkff due to manufacturing offset in a quartz window

QuickWavd-DTD simulations

promptly revealed the reason of the glitch
and provided physical explanation.

It it advisable to verify simulations
by one numerical method with another.
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oniImMS Waveguide Components for Spaégplications ﬂ"!g
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E-plane ¥Yjunction by Mitional Radio Astronomy Observatory, Charlottesvile, VA
after A. R. Kerr, Elements foiPtane SplBlock Waveguide Circuits, ALMA Memo 381

[ ALMA = Atacama Large Millimiter Array radiotelescop%

Version A

-2
1s21]
L 1s31]

$IEEE L3




onIMS Case Study #Al: Patch GPS Antenna
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Influenceof slots between metal or highermittivity dielectric parts

1.55 GHz patch GPS antenna
fabricatedon ceramic o#,=90Q o
fed by coax 1.3 17

Frequency [GHz]

Greeng¢ measurement (and simulation with air slot)
______T——___' Blue¢ simulation without air slot
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onIMS  Case Study #A2: DuBleflector Antenna
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Spillover detection and explanation

lizd Field Distribution /Env Max /Dyn 10| =] Field Distribution /Eny Max /Dyn

Such atennas are
typically used for
radioastronomy
and satelite Earth
Stations

BoRFDTD solver is
over 3 orders of
magnitude faster
than 3D,

hence allows
ultra-fast
optimization.

<We3D1> 14
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& 2D /3D Fields Distribution J/Sparsity:2 JAvr S
*| | E zompon. | & ensurf. | oo ther. | # D vecto D Viewe

#MW?2: Whirlpool MAX #MW3: Whirlpool Talent
Problems of MW power and other ISM applications:
are challenging, even on the puEM side

- by today, capabilities of various FDTD and FEM software have converg
(in terms of accuracyg computational efficiency differs).

These problems are particularly sensitive to knowing the material parameters
and typically require a multiphysics approach.

EMB1998, Linkoping, Sweden
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onIMS  Case Studies #MW1, #MW2: miEM Model

Mg I8 20 A
Connecting Minds. Exchanging Ideas.

Simplemicrowave heating benchmarks Design &analysisof real-life microwave oven cavitiesncl.
& microwaveheating phenomena studies complicatedcavity shapesand advanced feeding system
- A heat transfer& load dynamics - \
A Loadrotation & arbitrary HFSS v11
movementduring heating
A Source parameters tuning regim
for solid state sources
A Temperature dependencef
material parameters
[
FreeZ|ng to flle QuickWave 3D & BHM
A ‘ the state of the &
'F simulation _
0.8 \\ ~ / 1 ng
_ 06 @ 0.8 2V, ,
3 . \ A/
04 ﬁ De-freezing on _ o
arbitrary computer 2 With QuickWaveEM
02 . 0.4 computation as fast as
Egg;'is%w & at convenient 1 min 18son alow-cost
0 time 02 video cardg supporting
2.35 2.39 243 2.47 2.51 2.55 : .
v all graphic cardsvith
Frequency (GHz) %2 22 2.4 26 2.8 3 OpenCL
Frequency (GHz)

* M.CeluchPKopyt& M. Olszewsk&lachain eds M. Lorence P S PeshecklU. Erle Developmenbf packagingand productsfor usein microwaveovens 2nd Ed Elsevie202Q
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& 2D/3D Fields Distribution /Sparsity:2 /Avr S
X E zompon

Ribbon

Ex Ey Ez E
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@5 e surf. | [llzo ther. | §# D vecto | 5 D views

iewe | @ Display | & structure
E |HxHyHz H| EH |Sx Sy Sz |S|Papa Pd P4
Hx Hy Hz H

EM.|Sx Sy Sz |S|Pd pd PdE Pdi

R

JssaR T H | F
Js SAR Temp Enth | Int.

(48]
-6.0000002+01

media parameters

z

N

FDTD analysis with sinusoidal

Case Study #MW1: EM versus multiphysics

medla parameters

.

I-’\, .A" o
SAN FRANCISCO -2025
s
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@

multiphysics

Source tuning to f=f1 A
Changing operating frequency:

S excitation at f=f0 «

!

Calculation of 3D pattern

automatically to the deepest resonance
or manually upon user’s criterion

?

< IEEE

- 1]

~
of dissipated power Material and thermal parameters update

Pavgl%.¥,2) in 3D domain £(x,y,z) = £[T(x,y,2)]

o(x,y,z) =o[T(x,y,2)]

,, .

\ from .F;mo file y
. . \

Enthalpy update in 3D domain Calculation of heat transfer

J— o N ngg (x,y,z)AT" Enthalpy and temperature update in 3D
xl r z — x; ] z -
(x,¥,2) (x,¥,2) AV(x,y,2) L don:Ifm )
. ) i ) Temperature update in 3D domain Load movement/rotation

B end T(x,y,z) =T[H(x,y,2)]

Translation of the object and thermal

from *.pmo file

—

JMITT-S
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quantities along user-defined trajectory
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e

Typical MW heating is volumetric.

Making crispy pizza requires surface crisping, which is achieved by:
- crisp plate (ferrite givinghagnetic lossep

- underheating and horizontal polarization component.

QIEEE TV PR




o IMS  Case Study #MW4: Solfstate-Fed Oven

Connecting Minds. Exchanging Ideas.

VCO/PLL Phase . . .
Synthesizer PreAmp Shifte Attenuator  HPA ~F OUT Temperature in mashed potato cookies, after&66f heating
@ / II> @ ' for different relative phase shift@dded110 degreesbetweentwo sources.
Detector Poyr |7 (Development of packaging and products for use in microwave ptAsevier, 2020

]
A 4

numﬂi“:“' wwwwwww
- I I
Communicati e ]
O— . « < Display & Buttgns
interface Controller play
~ [
-
I .-
) A ] & » 4 & .
xl - . ——— _— i = . IOutput power
i N — e ) z lmeasurement @ . g @
L~ Py : . :

.| OUTPUT e 3000008401

Reflectedower
« Measurement

Vo 2 .
i sad  RFCIA "
LB RFCR2846-02 |3

Multifunctional heating source
based onwo-stage doublebalanced GaN HEMT HPA
(Prof. WWoijtasiak, Dr. D.Gryglewski Warsaw Univ.Tech.) PhotoscourtesyBSH HAUSGERATHDbE, B / S / H /
Traunreut, Germany.
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S0IMS CEMEnhanced Material Measurements

H#MM1: '* . |

SPDR 1GH15 GHz

#MM3: |
Q-Choked resonators 4l
NEW!
IMS2024
IMS2025

<SR mulimoda #MM2: FPOR 1030 GHz
: t : -
Q-SCR: thick samples thgh SrennuSi;ir\r;i(t)y ° single sweep

$IEEE &3S pryy



G2 IMS Case Study #MM1: Scanning and Resolution Enhance
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Discover
Great EU-funded Innovations

o : v = R e e = = — = = = - e
d QuickWave™ ’ Fs . - == N N
- , o Naggt0¢ I T b N Nano @ 10GHz Q-Meter
- : : 3 - —— ] i MJ"IMMA Bat\j by QWED

L

) “_K _____ J\___ Y g

pas ured scan of C-laobor

- 5=

7

| _j,!i'.‘gﬁl Headsize -
, f;\\\ ca. 10mm -
WA = 0t/ 4 | | B'“
A E;iﬁ..iéigg-%f’;ﬁ,m:g' at 10 GH._ = ' N
REksasmmit e deconvolved

direct SPDR scan :
image
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onIMS Case Study #MM2: FPOR forplane anizotropy
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0° 45° 90°
60
60 f,/\-\ 60
@0 | o /|
70 M;r'/ \»\, 2 Muf"; A" Z 70 F \\N
" - M.,'-','-I' j . § I'hl":'ﬁm:.“ . v ,r‘.y ﬂ
80 ! W < i i
B N Mg Nl
.90 -90
90
20666 2067 20666 2067 20686 2067
Frequency (GHz) Frequency (GHz) Frequency (GHz)

Resonances detected f@oPEBample(t =0.100mm), turned in xy plane.

BoPET(biaxiallyoriented PETnvolves thermal drawing in two iplane directions with substantially different draw ratjos
followed bycrystallization Hence, it isn-plane anzotropic.

T.Karpisz et al, Measurement of irplane anisotropy of dielectric materialgth a FabryPerot open resonatty MIKON 2020
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onIMS Case Study #MM3: ©@hoked Resonators

3 a
-20 P — 4 ;
: | TE211 | 1E0Ld TE213 | |[ TE312 |
S E -30 —— | TE212 | | TE311 | ;- TE114 |
| TE113 | TEO12 |
-40
-, _____________,_,T,T,_,,_,,_,,_,T,_,,_,,_,,_,,_,_,E._,,_,,_,,_,T,_,,_,,_,,_,T,T,_,,_,________§_§ ______
! @ -50
O
o @ 3 .
H : (]
SNNNSANTON O OSSN Y 60
® _® G |
© | \\\\‘{‘Q \ /};7’?/ : S
ol NR 17 \
|| HEmO MR TR :
; { , -80 SCR
\ )
® { fH] fi } —— Q-scr
S| Y | Pl I R
O A S 1R RSN i@ e 8.5 9 9.5 10 10.5 11 11.5 12
) Frequency [GHz]

The pure TEOmn spectrum allows measuring thicker and/or higher permittivity samples.

IMS2024 / MWTL June 2024 paper reporeasurements oftaicks of sapphire up to 2.08m (0.2 wavelength)
thick, which exceeds by over a factor of 8 the declared thickness limitations of commercially available SCRs

&|EEE B3



SoIMS Conclusion

CEM faclilitates innovation and creativity,
especially when combined with modelteghanced material measurements.
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