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All photos É QWED.

(1), (2) featured in IEEE Microwave Magazine, Dec. 2022, by 

R.Henderson, IEEE MTT-S President, òLet Them Eat Cakeó

(1) QWED celebrating 25 years in May 2022

QWEDõ beginnning, founders (right to left): 

W.Gwarek, M.Celuch, M.Sypniewski, 

A.Wieckowski

Awarded by Prof. Jerzy Buzek

Prime Minister of Poland 1997-2002

President of the European Parliament 

2009-2012 

Prime Minister of Poland Award for QWED 1998

Sale of 1000th resonator based 

on designs of J.Krupka

(2) 75th birthday of W.Gwarekat 

MIKON 2022

(cake featuring pioneering paper 

of 1985)
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Outline:

1. QWED: from Computational Electromagnetics to Modelling-Based Materialsõ Characterisation.

2. iNEMI: Setting-Up 5G/mmWave Benchmarking Projects.

3. Resume of Round-Robin Results of Resonator-Based Techniques for Characterising 5G Substrates.

4. Modelling: Interpretation of Measurements and Design of New Instruments.

5. Summary.

6. Invitations and Acknowledgements.
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QWED origins in Computational Electromagnetics
since 1980sé

IEEE- awarded research of Prof. Wojciech Gwarek

on 2D FDTD modelling (with novel conformal meshing)

     Fellow,                 Pioneeer Award,               DML

M.Celuch joins the above research, leading to PhD in 1996

1996 Beta-Version of QuickWave at Univ. Chalmers, Kent, 

Helsinki 

1997 first commercial licences sold by QWED

é by 2000, QuickWave-3D by QWED used worldwide

for industrial & research applications from RF to optical bands
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since 1998 annually at IEEE IMS

Denver, 2022

Anaheim, CA, 1999

San Francisco, CA, 

2006
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QuickWave originalapplications in cosmicresearch& SATCOM

E-plane Y-junction by NRAO
after A. R. Kerr, Elements for E-Plane Split-Block Waveguide 

Circuits, ALMA Memo 381

propagation of two polarisations 

at centre frequency 

Septumpolariserby SES

design & measurements: Saab Ericsson Space

modelling: QWED, 1997

below: differential phase-shift

6
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Applications for Materials Processing with Microwaves

Simple microwave heating benchmarks

& microwaveheating phenomena studies*

Design & analysisof real-life microwave oven cavities, incl. 

complicatedcavity shapes and advanced feeding system*

Courtesy of Whirlpool Inc.

 ð Whirlpool MAX oven

With QuickWave EM 

computation as fast as 

1 min 18s on a low-cost  

video card ðsupporting

all graphic cards with 

OpenCL

Freezing to file 

the state of the 

simulation

De-freezing on 

arbitrary computer 

& at convenient 

time

* M.Celuch, P.Kopyt & M. Olszewska-Plachain eds. M. Lorence, P. S. Pesheck,U. Erle,

Development of packaging and products for use in microwave ovens, 2nd Ed. Elsevier 

2020 .

Å heat transfer & load dynamics 

Å Load rotation & arbitrary 

movement during heating 

Å Source parameters tuning ð

regime for solid state sources

Å Temperature dependence of 

material parameters

QuickWave 3D & BHM

HFSS v11
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Material Measurements coming to QWED

since 1980sé

awarded research of Prof. Jerzy Krupka (IEEE Fellow)

on dielectric resonators (best known: Split-Post 

Dielectric Resonator)

é by early 2000s:

QWED commercialises the SPDRs

endorsement by Agilent / Keysight

publication of standard IEC 61189-2-721:2015

 

Agilent Both 

IEEE IMS 2006, 

San Francisco, CA

MMA-2010, Warsaw PL

co-organised by 

QWED & Warsaw Univ.Tech.

by Donald Tusk

Prime Minister of Poland 2007-2014

President of the European Council 2014-2019
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Popular Resonators Offered by QWED
SPDRs for laminar dielectric materials

typical units: 1.1 GHz -15 GHz

5 GHz SiPDR for resistive sheets
TE01ǡ cavities, typically  1 ð 10 GHz 

for bulk low-loss dielectrics
modified SiPDR for graphene

FPOR

20 -120 

GHz

T. Karpisz, B. Salski, P. Kopyt, and J. Krupka, 

doi: 10.1109/TMTT.2019.2905549. 
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Modelling (EM, MW, multiphysics,...)

Åwaves in free space is "easy" 

Maxwellian

Åwave interaction with matter is 

"complicated"...

Commercialsince 1997 

QuickWaveSimulation Software

~1000 licences implemented 

Open Platform Examples & Tools

Commercial resonator

test-fixturessince 2001

Applicator design

& model for

parameter extraction

Material measurements

Accurate material

parameters 

(constitutive relations)

European Standard:

IEC 61189-2-721:2015

CEN-CENELEC Workshop 2021 

1000th  unit sold in 2020

INNOVATION

Bridging Computer Modelling with Material Measurements
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Circuit theory interpretation (for newcomers to the field):

 

givenfixed strengthof Signal(in),

at resonanceSignal(out) is strongest

ULC

givenfixed strengthof Uin,

at resonanceUR is strongest(ULC =zero)

UR

Why Resonators for Material Measurements? 
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Examples of canonicalexamplesof resonators(for newcomersto the field)

Eigenvalueproblems: analyticalsolutionsexist for cuboidaland cylindricalcavities:

ɷ applicationof cavitiesto Dk measurementsappearsstraightforward! 

(but cavitylossesshouldbe minimised & 100% filling factor is difficult to achieve)
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QuickWaveModelling of a CuboidalCavity

Transmission |S21| 

simulated

between weakly coupled

source and probe

in a cube 8x10x10 [mm]

Ůr=1 ů=0.00833 S/m
@21.2GHz:

tanŭ=0.071

QSUT= 1 / 0.0071  = 141

QS21=21.2/0/1496= 141

Ůr=1 ů=0.0833 S/m

Ůr=4 ů=0.0166 S/m
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QuickWave model of a cylindrical cavity

TM021 modeTM011 mode

comparedto rectangular(cuboidal) cavities, typically:

Å lower contribution of wall losses

Åeasierstandard manufacturing
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How do dielectric resonatorswork (with QuickWaveillustration)

Dielectric resonator(top left)

As a multimode device (see transmission diagramme, top centre)

Including TE01 mode (top right) and many higher modes (lower row)
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E-field H-field

Å resonant mode with EM fields mostly confined in and between those ceramic postsɷ minimial losses 

in metal enclosure

ÅH-field is only vertical at the side wall of the enclosureɷ onlycircumferentialcurrents in side wall ɷ

no radiation throughslot

ÅE-field tangential to SUTɷ air slots betweenSUT and posts havenegligibleeffect

ÅeasySUT insertion throughslot, no dismatling, NDT method

Split-Post Dielectric Resonator methodðas illustrated by QucikWave
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WhichScanner: SPDRor iSiPDRWhichScanner: SPDRor iSiPDR

Resonator designsafter:

J.Krupka and J.Mazierska, IEEE Trans. Instr. 

Meas., 2007,

doi: 10.1109/TIM.2007.903647

CAD modelsand EM field distribution:

QuickWaveTMsoftware by QWED
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Modelling-Based Materialsõ Characterisation Setup

2D 10  GHz SPDR Scanner for Low-Loss Dielectrics

2D scanner designed with a modified 10 GHz SPDR

Finalist of the European Innovation Radar Prize 2021
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Modelling-Based Materialsõ Characterisation Setup

2D iSiPDR scanner based on inverted 10 GHz SiPDR

Example application: 

battery anodes before & after cycling (SEI formation).

2D 10 GHz iSiPDR Scanner for Resistive Sheets
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Now coming to iNEMI projectsé
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5G/mmWave Materials Assessment and Characterization

further referred to as ò5G Dielectricsó our ò5G Substratesó project

Åô5Gõ extends beyond wireless applications

Å5G: Common to only think in terms of ôradioõ applications

CPU Clock Speeds High Speed I/O

Src: Urmi Ray, 5G/High Frequency Materials Characterization 

Challenges and Opportunities, EMA 2021, S13

ÅDielectric constant measurements are key enables 

for many different industries & technologies

ÅMany forward-looking wired applications need material 

data spanning DC to 100+GHz


