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XFDTD 5 7%5

XFdtd BB B &, {fHFEHF R =4 % (Finite Difference Time Domain, FDTD){E & %%/l
HrE®W A=

REERBER
XFdtd1E £ 77 2 2 IR E B SN SIE R A R IRA DR ST B AR E R 04816, FAREREET
fr, RENHEFREAME L BERNTREEEASE LA EGeometry L,

FOTDR B A FB G5 B AR 7 i 25 (time step), [EHIEIRRMNAEER, M KBEURZ UKL
EEENEEE ARREERBETNEY MISSFSERERYEENIUE.
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IR T FDTDEE L HESS,

EHEEE, WEATES, @
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B The Finite Difference Time Domain Method for Electromagnetics,

by Kunz and Luebbers
B Computational Electrodynamics: The Finite-Difference Time-Domain Method, Third Edition,

by Taflove and Hagness
M |EEE publication C95.3 Recommended Practice for Measurements and Computations with Respect to Human
Exposure to Radio Frequency Electromagnetic Fields, 100 kHz to 300 GHz
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FDTD

* XFdtd R ERE AR ABIE 68 E 121512 1) 37 77 B2 481 (cell), 15 L4846 T [)
iﬁ%gg%,%E%ﬁ%ﬁ%@%ﬁﬂu%ﬁﬁwﬁﬁﬁﬂﬁﬁA%
TR

'ﬁ%ﬁ%;ﬁi%hﬂﬂw%ﬁﬁ%%@E%ﬁ%%%ﬁwaﬁf@ﬁ*
AR BEXYIERRER—IEAEHESIGDEA 0, PEH LI AZE

2, [/Xﬁﬁlﬁﬁgﬁﬁﬂggﬁﬂqz'f|50$ﬁ|§"]x§£§ﬁﬁﬁ‘ﬁ,§@§i’%ﬁ\%ﬁﬁ 2) . (BRI Yee Cell R I F FRIRES
EHEAHFEFD. (MFBIH(E) 5 &

* BBz TR cel K 12{E 4R EX (mesh edge) & IE—L RPN AN LA R B 14,
ERIARE AT LR AR MR, RERABMERENTRZ 4,

« fEGeometryBE—EZHENHN, FTBARESILEERIE L —FEKE
M, NENF.
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*© B7hRAY XFdtd Gk RIZRE A SR EEE B BIRR E T (time step) K/, U SRR RS IBRREMIRR T,

© W FEEREIER T LS A BN é%tljﬁﬁﬁﬁ%Eﬁ%ﬂ’ﬂi&%%ﬁgﬂ’ﬁ-@ﬁﬁiﬁ fEE R EEMAZMIREIE, PRIAERRATE
WARHAS T EFGHENERIEENEL, HEEEFEHAFHRER.

© Bl MRESTUARE, ERRAN—EREBBTPZ—KR, XFddNIERERLSDZ—.

© HRERERBERZLEMETHNMT, FFUARESEHBHEERYEERER.,

- EEMSHEREIEBEERERMARS, REFAFRNGERRIEEINS, YRS, EZRE, HAEZWH, E
TJEEXthdE"]E‘I' 5| EEENT

ﬁ[_

e}

o RFEERL: K. Yee, “Numerical solution of initial boundary value problems involving maxwell’s equations in

* isotropic media,” IEEE Transactions on Antennas and Propagation 14, pp. 302-307, 1966.
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Vaterial

+ XFdtd TR A3 £ RRA M MRS TR, BENEEMNREATEN—EEY, RERDM
FEINE OSEREERNNEN, TEEENERNERNEBERSRRNEE.

- IR ERSEREEE(PEC), NEBRYFBERNENEBBME, EYMRSZEHEIXFddEl o] DUER,
AFETI BT & EEENME, XFdtdth BRI ERE, ERETMBHFAR.

C MRS, BRSNS FRE.
- E—EREG, BB ERROMNTUAREKES, hTNESEEARET.

- WAEANTHEEREMBIXFddT BRI DS ETTIREL

www.qgi-well.com



5 bR 15

XFdtd SEE ARSI —ETEHE < NETEESIS, FDTD
RO B E A E NELT.

FEXFtdLA—{EIE;<EREAI Yee Cell SERMEIRE(ERABIRAIS AT,
EETEEELE—EREAINERE, EXFdtdPEEREENHEBZR
Grid, FEENEEN/ MEEFEESR (Boundary),

FEEIRIGridAEEXFdtdESE= BTG (Near Field), GridZziMNERRIRS

(Farzone), GridUERiEEHE R A EERAIN B S e —(E a2
HEgFarzone Box,

- XFdtdEGridWRIFDTD/EEAShkETE 1R, EiE—PstHFarzone box
EH FRIEREESZEARERNEEERERIEIZmTH,

=5 R
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REHEHBENRERREEEN TR, SEEFERAEREAEREAZEENTREET.
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4

- HEENRBNEREERERBRE IREREL SR NEXEE RERNRE.

* XFdtd o] PLKES D B = 1I7l‘ A, FERENEGU), FTESIZ (Solver), Hith & Output) E={EEAE
BT E RSB T EEE R TIERE.

- ARMHRAFYHGUEAZE, GUIBBZ ELEEEIXHE, SolverS NERENXETRBEL WL, BF
BEBGUIREERL, HHTAR.
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View and Post process

/ OUtpUt database
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XFdtd Overview

® XFdtdtH& WindowsZkLinux{FEE L& - WIE 2t TR FEIRHYGUI

® XFdtdiy = TIFIRIE I E B RF EOpenGUIHAERIHUR R f > ATLUEZR I FE RS I RIS
ST e 2l B W 2 i A
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-xmw:ﬁt+\ﬁﬁ KEZIEE

© AEXE SREBRE > FEER S D EXFARE RRIERE,
© FEINZREYHEDNARYIERTEARR

£ Cq Create New g b Assembly . EleRs:  New Circuit Component with »

@ B View Parts List (All Parts) | & Extrude %5 Wavegu Eqit
|| @#® Export to CAD File.. # Revolve 8 9 [#] 56 N|_

IEEBREPTTAEE,

No Definition

» ") New Passive Load Definition

WHERERKRE, ERAEREERENTHIRRET, B2

B 4C=: Subparts

) 6 @ Set Visible

e SC'\ Set Invisible
[ & Material

Sheet Body
Sheet Body from Edges
Sheet Body from Faces
Wire Body

Tree
3 |#]5GN - -

i |#]| 5G NodalWaveguide 3 [P...
5 |#] 5G NodalWaveguide 4 [P...

#% External Excitations
@ static Voltage Points

» [ New Feed Definition

4 New Switch Definition

]J New Nonlinear Capacitor Definition

f#§ New Diode Definition
[-] New Netlist Component Definition

7 {2 Edit > 0 Sphere @ Sensors {##] New Photoconductive Semiconductor Switch
5 [@ Ports
| = Tree » Cuboid
: R Cylinder =1
plivenes 0O . T/ R
3 ‘ Top Horizontal %E
p Yagi Element 4 O Torus
4 @ Top Horizontal Pyramid
# Conducting Block | @ Prism
dﬁ Copper Frustum
| Modeling Sequence S Helix
i 4 Substrate
Circuit Components @ Sircknge
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'#| 5|l #] New Nodal Waveguide Interface
#| 5/[i| Compute Modes
i [#] 5| ® Enabled

:_‘fi Exte a Set Visible
@ Stat < Set Invisible
@ Sen:

@& p " Edit

S [l Rename..

* F | Delete

@ 3 = Tree

L
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" p z t 46 d SG t - g @sensors\ >
roject: an smart... e Tl . -
) ki > - FEZHEIRE =2 Ports . ¥FESensorEIpRE — e
t w Parts ﬂ_' 4G Feed wMatching Cir Far Zone Sensor T (default) e Lompiete
i Copper GTOUHd Plane E‘ Pin Far Zone Sens... |Far Zpne S = otal Complete
i et : Pin © {B%Sensors? ekl L =
Z b 3G A”éy E‘ Pln g :_EIJJ Be Far Zone Sens;r Far Zpng  Create Composite COF Plot  fora| Complete
: b Yagl Element 1 = Pin " Far Zone Sens... |FarZpn¢  Postprocess Far Zone otal Complete
* b Yagl Element 2 f= Near Field Sensors Far Zone Sensor |FarZpnd O ¢ orreaton otal Complete
p Yag| Element 3 ° 1|&E£_E)JDLEZ\4¢ B 2 Far Zone Sensors Far Zone Sens... |Far Zpne otal Complete
’ r n nsor r N m|
3 ‘ Top Horizontal T_,-Ijj Be Far Zone Sensor o @ﬁéﬁiﬂ%ﬂﬂ%%{ Far Zone Sensor | Far Zpne Complete
: h Far Zone Sensor XY d f t Far Zone Sens... |Far Zpne Complete
o | Yagi ElerT1enI4 © SAR Sensor D erinraon.
. Conducting Block . FFRDR(HEETHAS & SAR Averaging Sensor
o / ) [\ Thermal Sensor il
Circuit Components . 1|§&§EBD’E%§1¢ o [} Definitions p S
4G Feed wMatching Cir {——-—-* %Ijjﬁb IEQ Materials Export to Matlab...
. S <} =P P xpor
“ Wavegunde Interfaces \ ~ % Circuit Component Definitio... Eszr:f:stsi\r/eless Insite Array...
; i [ & } Waveforms X Opter
’ 36 Nocaieguce: (. H-EL'EZE Ij] i S Data Definiti Export to MIMObit..
#| 5G NodalWaveguide 2 [P... L/ >€nsor Liata Uenmtions
%] 5G NodalWaveguide 3 [P.. . 1|§E$Z REnE {3 FoTD . 1|&ajzz|j1=5z*n
- 9 : Fer—3— Z=aR @/ Outer Boundary | _» mETERR
#| 5G NodalWaveguide 4 [P.. Ihee B Grid IhRE
External Excitations _ s N
1 - o o Mesh 5 A - EREBAVERIHEEE AR
® Static Voltage Points \ TEE R AL ¥ Schematics | o FETTERSIERYNED e S E SR,
E&LE I"I Schematic %Eﬁ*ﬁiﬂ

€ Scripts _
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°© XFdtd7ERRET LB IEWTHR AV R1EREE, FAZRERMTETEYISARENER, RAEEBARMEREERIE, BEZEAZH
SIERBRERE, KEBNREEBLLER.

. %gﬁﬁ%%ﬁﬁITHE’]?H’EJ?T%?L/%%T#F Ear, B, MREE ERIELRIEEENIER, %FEHIMERREER
B

s {FAZTME l_TI?ﬂ’EL_iHTWH@ S-S RL-> IR o -> 884> B -> 4848 ->sensor (U iR B iR S 21 EiRE, MR BZRE, t
o U E Z B EYH.

. ”“‘ﬂiﬁf% hard et T BENENHESE EREEETRBAENTHEEE LIERR, XFdUgRETHERNES,  EHZEER
FEAEFS LT UERRT, RBRTEERE,

= Gain vs. phase shift (N

[d Groups -
5[ Shorteut Group 1 ' 4.4 Copy Invalidity Message

!‘ «  XFdtdehfIIERE/OKAZSS,

& « XFAtdPHESIERS, FRvais
-=|:|-=I=-1|&_|—_E A< Q&ﬁ/f)_'f?*%kﬁ
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File Edit View Macros Help

- ! View
Be4d¢C R

: Geometry Tools = L : =
.‘}. ‘ $%® J E} } = i metry Tools +CleaLENew = Modify

"= Project: Unsaved Project
I Parts

. Model

Circuit Components
*4| Wavequide Interfaces
# External Excitations
@ static Voltage Points

- ER=AFEERNESIEGR MR
BhBiER, MEIEAREETIRER

|
froject: Unsaved Project [Model] has no material assigned to it.

- BREEBE=AFEEIES I —REF

[, FERREEEEEH, ERE

A LARKRRERAZRIZ IE,

- BB, ML

aiE,

www.qgi-well.com

- BUEMEMEEES
—1&, FREEE—IE,

D
& Name: New Material T

Electric: lsotropic +* Magn

Electric Appearance Fhwsical Parameters Notes

Type: Nondispersive
Entry Method: Mormal
Good Conductor: Auntomatic =

{orrection

& Name: Mow

Electric: [sotrop
Electric Appearance

* Mam
1cal Farameters Motes

Type: Neo

Good Conductor: Anto
surface Conductivity Correction
Conductivity: 0 S/m
millivity: |
x E]nhnne Dhelectne Suenzﬁhi

Dielectric Strength: |inf Vin
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C LIRS, SRR ST RIS ERENK .,

- HitEBEZNEIREES (LIRS IER. . EREEEE, EOESERENRE = AT ONERE

Type: Name: New Material

= Magnetic: Electric: lsotropic = Magi
cal Parameters | Notes Electric = Appearance = Physical Parameters | Notes
Type: Nondisparsive

Type: Noadispersive
Entry Methed: Normal Entry Method: Normal
Good Conductor: Antomatic = Good Conductor: Automatic =

Surface Conductivity Correction Surface Condunctivity Correction
Conductivity: Conductivity: 0 S/m
elative Permitlivily: ; ittvity: |
X [Tnfinite Dislectrid Strength

X Tulfuite Dieleciric Strength |

Dielectric Strength: inf Vim Dielectric Strength: if ¥/

- IS EREEARE . FEESRIEE R AR - (EREEEE, WAoTHE
BRIWNL, AR=OS fOTEIERATE, BhEE TRIRIEIEE,
TEE T EREL FEEE(EE

Q) BFHERAE
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“s Unsaved Project - XFdtd 7.10.0.1 (64-bit)

BE A FE = o«

File Edit View Macros Help ' 9

= I y x i ssistan

Xthd E’\JT’E‘EQ ayﬁ%@fgﬁj\ﬁm ﬂq- ‘im hi ﬂh@ ;e::omet.ry Tools ~|| =jmCreate New... v “ipModify... v @ fBoolean... v -
eometry

ﬂﬁ“;‘,:'piﬁjz [T A 7Aoo e Gl 2 =
e “» Project: Unsaved Project

I Parts
“= Circuit Components

ERIBATEHABICIREIPRIERER |t
yayn%: S IR =7 $ satc olagePois

2 Ports Fhg) !‘Name: Unsaved Project =

Sl Near Field Sensors . =
Project Path: <Unsaved Project> y cripting

PRINEEERERE, EEE | e
FEﬁ E’\JZE D:?\zﬁ/ Ay L=1=] E I @ SAR Sensor Frequency Range of Interest Notes Display Units Advanced

E% :I:\E%E1$&R$E]:E'1,E @ SAR Averaging Sensor This setting controls the frequency range of interest for this project. This frequency range Trreries
i JJ:'_ [ ] < o & Thermal Sensor allows XFdtd to automatically provide some simulation parameters and output formatting. =
|l Definitions Minimum: 0 Ghz Maximum: |10 GHz -
@m . ditor
Materials

EEiEj%EgZEE_JEI}JﬁE%D@*E;ﬁ*EEM:E g &;ih;iftof:;:lponent Definition:
EI% E"\J’H—\Lﬁﬁﬁo o :'[;_ebnsor Data Definitions

W/ Outer Boundary
B Grid
& Mesh

4 Schematics

* Scripts

=] Graphs

ﬂ Groups

)

imulations

=N
esults

©

arameters

Project Tree %E\Iﬁﬁ‘gﬁﬁ
R BN BB A SRR FIRERSE
SRR

- Ready 7 _‘C“evnﬂ,ﬁﬁ FE ﬂa
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File| Edit View Macros Help

‘g New Project

@ New Project from Template...
[ Open Existing Project...

== New Window »
H Save Project

Ed Save Project As...

Ed Save Project Copy As...

«# Close Project

4 Import ’
® Export 4
[+l Manage Project Templates...
< Create Project Archive...

(D Recent Projects ’
€9 Quit

Edit| View Macros Help

B Undo
¢ Redo
X Cut

| Copy
I Paste

" Recursive Paste

N S W e

File ThREZR, BRFEEAN
NEEHFEIA,

www.qgi-well.com

[ Rename...

Wl Delete

# Properties...

# Project Properties...

T pen, ) ) WP NE

LYW W ™

Ctrl+X
Ctrl+C
Ctrl+V

Del

Application Preferences...

- Edit IDRERR, R, RELK

IEH.

I

#g) 8x8 Patch Beamforming - XFdtd 7.9.2.3 (64-bit)

File

Edit

View || Macros

Help .

| View | Macros Help

&% Parts List (All Parts)

? a¥ Assistant
Geometry
@) Simulations

SI@J Results
@ Parameters

] Scripting

u | Libraries

rariide Intarfarac

Macros | Help

| | NoMacrosAvailabIe.

TR AN S [wI

« Macrolhge®, FERERE
FABELEES(macro),

View IgEZR, RE~E2RRHER{E R

BEEIERE.

ng - Xkdtd /.9.2.5 (b4-bit)

Help

!

{if What's New in this Version?
O Licensing...

¥ Contact Support

€ Reference Manual

€ User's Guide

g Scripting AP| Documentation
Command line Options...

2y About XFdtd

ac

+ HelpIhgesk, =iEHEEAHE

=I5

0

Q

NBFHRLE)
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XFdtd {£ HE T E s

- BV ERTE. ."‘ﬂ. New Project | « FRCEIRIXFAtdFRE, RFEIRTERE

- i i New ProJect from Temp|ate LF:% %BZKL:‘Z;‘EI*E, mE_I-L\)\?]-Fﬂ%IEﬁE,\JI
File| Edit View Macros Help [ Open Existing Project.. 2,
TEFIR. e _
‘@ New Project from Template... 4y CAD files)... i -
b

« BACADIIERZPCBRRAT IAEE /MRS,

© PIRERFFEITR.  — ~ Open Bxisting Project.. @ Bport 2 et tesalclies T—EFERP.
.j Manage Project Templates... “y PCB 4
. T_ﬂaa HU%WE,JI*II + New Window 5 Create Project Archive... : ;foxe\ Sé)ézct ’
AT IS — : Recent Projects ’ rom
E}Eﬁlgggﬁ%%g%nﬁ h‘! Save PF'OJECt 9 Quit 11 Numeric Dataset...
TR e /, Save Project As... |
TR /, Save Project Copy As... 3 T - S HEHRBCADXE,
o . Manage Project Templates... o rojec
) ﬁ%&?ﬁgﬁ%%{ﬁ :ﬂ@ C|OSE PrOJECt "w Create Project Archive...
Sy EIA=AE) \ o q ’
= ‘ / ﬁ Impo rt P// g Zic:nt Projects [5]] XFdtd - Manage Project Templates X
° EEE’%I*EDE;%?E%EO I’ Export » ‘ Templates Details

Description:
[BUILT-IN] This template provides a
completely empty project.

Manage Project Templates... —
"= Create Project Archive...

\

. B TENEOER < |

XFE, @ Recent Projects r—
o Qu |t \ ‘ ;;gm:a_ ﬁ\ﬁ]ﬁﬁ E,JI Delete ] [ Make Default ‘ [ Replace ‘ Create New Close
7 R S R o
© RENEEITESEA,
. Sh=
www.gi-well.com Q) BEFHERAS

hab=YEb L ., hid



XFdtd fE FHE T E

File name:

£ Import = 4y CAD file(s)... —

# Export » |4y XFdtd Version 6 File... Modeling units are known
[~)] Manage Project Templates... / |4y PCB < ||

{s- Create Project Archive... 4 \oxel Object 2

(D Recent Projects > /‘I From XRCS... \

0 Quit * Numerjc Dataset..

« BAsnpiENERSIE, BRSSEH

« B A\WaveFarerfXRCSIENERINHE,
Bai1(20215:9 B )& HEARF

v L >

BEZRE(N): ~ | |All supported formats (*fdtd ~
All supported formats (*.fdtd *.id * mesh *.idm)
XFdtd Version 6 Project (*.fdtd)
XFdtd Version 6 Geometry (*.id)
Mesh Object (*.mesh)

XFdtd Version 6 Material Library (*.idm)

- B)\HER XFdtd 6kRIEE SiEiER A
XFdtd 7hRIE B XHE,

www.qgi-well.com

|_—  Tiles of type: Spatial ACIS (*sat *sab)

b Spatial ACIS (*.sat *.5ab)

[IGES (Figs *iges)
" STEP (*.stp *.step)

This option does not read the geometry to determine its extents
before displaying the Import Options dialog whenever possible.
Do not select this unless you already know the modeling units of
the peometry being imported.

4 CAD file(s)...
¥y XFdtd Version 6 File...

) ODB++
4 Voxel Object » 4y Allegro .brd

4y From XRCS...
4y Numeric Dataset...

g

PCBRRAT %

4 CAD file(s)...

4y XFdtd Version 6 File...

% PCB ’

% MMF (*. mmf VariPose Format)
4 From XRCS... ¥ ICRP Adult Reference

4y Numeric Dataset... ¥ NICT Model

! ‘ 4 Virtual Population

- BA=HEETT(Voxe)ERIE, ERIREAN
Variposet&z{ ABREYIRELSHE

All supported formats (*+--iam *.dxf *.stl *facet)

Pro/E (%.prt *asm *.prt.* *asm.® *xpr *.xas)

_—__de_/? Pro/E- Assemblies only (*.asm *.asm.*)
K CATIA v4 (*.exp *.model *.session)
VDA FS (%.vda)

CATIA v5 Product (*.CATProduct)
CATIA v5 Parts (%.CATPart)

« EA\ODB++&;2Allegro Abrdi&=,

« EAXFAtd3z#FHICADISTUE

Q) 1eFERAE

bl o Lid



N

XFdtd &

Edit View Macros Help

‘@ New Project

@ New Project from Template...
™ Open Existing Project... @
== New Window v fine
[5) Save Project

Save Project As...

Save Project Copy As...
% Close Project

4 Import >/
™ Export v

Manage Project Templates...
= Create Project Arch\'ve.\
() Recent Projects ’
€3 Quit

Fa S

* ASXFdtd TAEESU FRBLE ST
HHER.72,

- BEEUUEREIMNIBREREER
R, NEEEIREEZRIEE, B
BHERE, (AATHERK, AF
AJLMGEIBAGREERE ERINE.

www.qgi-well.com

TEREHE(N):

© EIHREREEENTM, FEEECADNY

0 Parts... > FERE:

To XRCS Project...

Manage Project Templates...

Spatial ACIS (*sat *.sab)

Spatial ACIS (*.sat *.sab)

fE80, FEBEERRER

IGES (*.igs *.iges)
='3-.v Create Project Archive... e STEP (*.stp *step) . = ‘EED A /, \E%:::::kk
3 » oL ERA CATIA v4 (*.exp *.model *.session) uéri rﬁ_f%fj\gﬁ*z{énggap
@) Recent Projects
© Quit CAT\A v5 Parts (*.CATPart)
“* Component 8 SDT)i_F((*’.‘Sdth)
o EXFdtd TRRHRIE e HEL. @ Component 14ag, « op)

#) XFdtd - Archive Project X

The Archive Project dialog helps users share their projects with Remcom Technical
support for troubleshooting.

Project: (G:\REMCOM\XF samples\8x8 Patch Beamforming.xf Browse... /
Archive: G:\REMCOMXF samples\8x8 Patch Beamforming.xt.7z Browse...
Password:
Verify PW:

¥ Project Files / .

All Project-related files will be archived.

X Simulations

@ All Simulation Files
Solver Input Files Only

X 000002 B
X 000003 °
X 000004
X 000005 @
Select All Select None

X Show archiver output

© REBEENSERES.

BERCEIMEERER.

;ﬁ%ﬁ@é\ﬁﬁﬁiﬁﬂjﬁﬂﬁﬁ, BERERE S AL
BT,

Q) EEFERAT

hab=YEb L ., hid
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XFdtd /£ HE N A SR

Edit| View Macros Help g @ ° G

:) Jndo - FAFEEundo/redoItgl, SFERENE LAY
¢ Redo undo/redo IZIERLE,

© MIBREAIETERATRT, BT, Y, MM, Cut Ctris X
BALAEERINRERERF, BiEZRDelete 3, o . BIF, S8, BbFESR¢BRIE, tElE

i Copy Ctrl+C > BELRTEEN BRI,
b Paste Ctrl+V

H .
j Recursive Paste . SEREEENTE, B, WY, MRS
T_ Rename T GALARRER S

‘W Delete el
X Show License Window femplat -
Results cuments\Remcom\XFdidvemplates| | Browse.. |
h## Properties...

«
roject Load Macros Menu
Minimum Plot FFT Size: Macros Folder(s): Default
32768 (2115) [ ; T F - =
TR E\Remcom\XFdd\scripts\memmacros| | Browse... P rD _J E l: t P r-D p E r t | E 5
nge to Results Updating | -Soreen Capture (Cirl+Alt+F11) "
i

| S ) S - $JBEProject Properties {R&, ¥HFERAZEERD
. 3 Application Preferences... BAERO TS (e g

5 % Transparency Algorithm: |Z-Sort Only Nice

. REEPESEENTE, B B, MRS
29, OAILUSERINAERIE, S NE
B,

) XFdtd - Application Preferences x

IT'\I'\_._l_lw\LEI

General | Interface | Modeling | Graphs | Simulation | Compatibility | Exter{ [»

Export/lmport Preferences Text: || M (12 |2
On-screen Display: | Ml 12 %

coween o ¥TR3Application Preferences &, ¥iXFdtd

el (ERIGER

Q) EFERAT

www.gi-well.com GhWELL Co..Lid
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T Z-&AAX

IS5 TRy ]

EEditSZBERYProject propertiesi

Project Properties EditorfRERI LA EFE BRI S N ipe—

Project Path: G:\REMCOMXF samples\8x8 Patch Beamforming.xf

= M=/ X3 neD
a0 \ oy '['F= B e ol e o e ool
}7K1,EE/JI$EEE{T$1:E rgznxg° Frequency Range of Interest Notes Display Units Advanced mlu} & Name: [8x8 Patch Beamforming
This setting controls the frequency range of interest for this project. This frequency range allows XFdtd Project Path: G:\REMCOM\XF samples\8x8 Patch Beamforming.xf
H 1 H = = M to automatically provide some simulat arameters and output formatting. - - =
PrOJeCt PrO pel’tleS Ed |tor %%' Q,E{iﬁﬁ%lﬁ)\ i Frequency Range of Interest Notes Display Units Advanced

Xthd ?ﬁ%_'ﬂﬁrﬁ-&%?‘% ) 'fﬁﬁﬁ%@jfﬂ?ﬁl*ﬂ:‘z Minimum: 26 GHz Maximum: 30 GHz
e EIE AREREE

+ Project properties Editor {3&, {#E#&E
A LAESEREGERRRE.

« Minimum 1 Maximum M{ESEEEE B * Notes EE, FRAETLELE TEEE
BHUEREEE, ERFREIEEMEER iR, 3RBA.
RETAHESRETEEREE, Wi
& —EIREHISEE,,

« Minimum #1 Maximum t85]LIAEE, BB
XFdtdsti S TEE S EEMER,

NS

M ﬁ)\Xthd?éfg\Eﬁ Eyﬁ%ﬁ%%?]-ﬁ_1 Done Cancel
project properties Editor {38, FREE
A LAMESRERE B FRIRR E.

Q) 1EFERAE

eyl L . bid

www.qgi-well.com



Frequency Range of Interest

Show All Units

—I>

H>Y

‘ﬂhy & Name: 8x¥ Patch Beamforming
Project Path: GA\REMCOM\XF samples\8x8 Patch Beamforming.xf
Notes Display Units Ad
Unit Se

anced

: | Custom

Angle:

Angle Per Unit Length:
Area Power Density:
Capacitance:
Conductivity:

Current:

Efficiency:

Electric Field Strength:
Electric Potential:
Frequency:

Inductance:

Length:

Magnetic Field Strength:
Magnetic Conductivity:
Permeability:
Permittivity:

Power:

Resistance:

Scalar Per Unit Length:

Time:

degrees (', deg)

degrees per meter (/m, deg/m)
watts per square meter (W/m"2)
picofarads (pF)

siemens per meter (S/m, mho/m)
amperes (A)

Percent

volts per meter (V/m)

volts (V)

gigahertz (GHz)

nanohenrys (nH)

millimeters (mm})

amperes per meter (A/m)

ohms per meter (chm/m, 1/5/m)
henrys per meter (H/m)

farads per meter (F/m)

watts (W)

ohms (ohm)

nepers per meter (Np/m)

microseconds (us, mes, usec)

Done

T

Cancel

Unit Set:  Custom
E— O] |

2/m)
Tfm42)

XFdtd Default

SI Metric

Gaussian Metric (CGS)
1S Customary

-

. Display Units 5, (FFIETILEEBRESEERY

B,

- [ERETLUKRE B E AR

- EATLUEUNIt Set THRERBIZRIEENI:E
RERTIEMEENRE, R TEREFEASERES
ROREZRER (L,

www.qi-well.

com

TRER(\

B85, #KEXFdtd

- FERAVMIEER(REHATIIRER.
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7I<

FOTDEEARRHNAL, YIREERE
& EREERERIEME, timestep(RE) A
XFAtdehESEHEERIE R, BATLREE
BRS84S REERR.

2

A B
A =
=4

= AN==]
g

Project Path: GAREMCOM\XF samples\8x8 Patch Beamforming xf

Frequency Range of Interest Notes Display Units

XFdtd EHRIBSER R R 2 Iﬂm&‘é\
H—E&ERRFE (time step), BT

Timestep

Use Custom timestep multiplier |1

HRE—(EEE2E(parameter), FAF
T BEEHEEN,

XACT Accuracy

Most Accurate " Fastest

XACT timestep multiplier: (.7

Custom timestep multiplier 2—{E/H

0.0121ZBRYSEY, ﬁH}E_JL,UﬂEEll_ﬂEI
SHICL4E)\, ERRERLIEERE
HERIBE, BMAOSHFERL M/ N—F.

SEnsors
X Use Automatic Time Domain Data Sampling Interval

Time Domain Sampling Interval: | Automatic

~Advanced

‘“’Iy & Name: 8x2 Patch Beamforming

New Part Modeling Units

Units: millimeters (mm)

/'

Gridding

Enable PrOGrid grid regions by
default for newly created objects
of the tollowing types:

X Parts
X Circut Components
X Wavegmides

XACT mesh2 XFdtd BURRZ4BI&IHEE,
FLUEAEAS, BV IFESNERIEDR,
R ERER FEEEM, HENRE
B HhEE/), BETLE—ERN

New Part Faceting Properties
Faceting Quality: Default -
Surface Tolerance Mode: [Relative To Body Diagonal [+
Surface Tolerance: |0.002

Normal Tolerance: |30

XACT mesh43t& ¥t FERIRF AR =15 T
BE, fFaR(ER0.7.

www.qgi-well.com

R

T HISREEIES

© REEVHTHEFERIIRTERL

ENHTROT, B HLARIKEH
{EFAPrOGrid & 2R 4F&EISTHA I‘E‘J
HIERIES.

BREAILaERE RS E(HSensorZk:
R BRI R A B s H

&, FFTILGEINSES

4, B sEE LB INEE G R B E R 2 EE.
- FTENEMEEEREE
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hab=YEb L ., hid



BN

d|z=

S BRI R E

B View Macros Help » % XFdtd - Application Preferences X
D Undo v
! G Redo . ,é_;xinqj—_ékggﬂ% ZEIE E? General Interface Modeling Graphs Simulation Compatibility Exter[zm ° *EEEE EEE{JXthdﬁﬁ*i
X cut Ctrl+X i S et V\ Startup Templates — *&Eg’fgéo
e co Cotac sElicenses ERE. S
M=y Paspti oy X Show License Window Template Folder: Default
;:.- Recursive Paste - HNEHEBEXIEETER AN Results \Documents\Remcom\XFdidvtemplates Browse... . ;Eigﬁigg(macro)%§$il
S Rename.. RN\ Z BIRIREHESR, ¢ Clear Resulls on | —7  BASERIERR
z . ;Z \E#E EJU\EI'J? St Project Load Macros Memm = T s 22
¢/l Delete Del ‘P%E‘ A N FIE: = » ) - ° XthdEJLme@E;L}]%I]KES&E
il /# Properties.. *;I_Z:%*&Hﬂ” B/% , {E}Eﬁ%ﬂ Minimum Plot FFT Size: Macros Folder(s): Default Iﬂﬁg}%%ﬁg@ﬂ t
. _ N N 32768 (2015) 12 B )
b # Project Properties... Llii}ﬁﬁ)\° . ) : s\Remeom\XFdtd\scripts\menuimacros Browse...
| ; Application Preferences... I— * Minimum Plot FFT size X Check for Updated Results
SFICGEESISEIENRE | oo Adue o Resls Uneind | [5en Capare (Cr-AFID |, - ECEEEEEEEREE,
. cati HFRRTRBSEIE | et | | Comwe Foder Defau
- Edit - > Application Preferences Z_EKE’JFFch/J"? = started. apue Folder i
Sl LyAs — S & N
Ij]ﬁgie ' iﬂ‘ﬁﬁﬁ%ﬁﬁéﬁﬁﬁo * Recent Projects ments\Remecom\XFdtd\ScreenCaprures Browse...
B ) Number of Recent E— - REFHFERELRSFH
. E%%E%‘%Zi%ﬁ’ﬂ%%%ﬁ%ﬁ’ﬂ@#ﬁﬁzﬁ S - Rendering Options ‘ , L—  ®@Ra.
FENERIINERFOERE. =] | | Traosparency Algorithn: [Z:SontOnly Nice v - EENRERTEERER
Export/Import Preferences Text: __RIVEES Tﬁ*ﬁ%‘l’%
. FiIe- > Recent Projects Epgant% — F— On-screen Display: | =
HEIEFRE EEE. Tndo 7 Redo History

L - RERSEEERRERE, 2
T A% Undo RUREL,
- EEVRENE \SFELSTIEHER . 5 REFIUEIEEIRISR, (&

R EAiniTH, . General EE, BHAILL Care HAETREEENE.
B ERRERE,

Limit Undo history size to |5

a4

www.qgi-well.com S Eﬁiﬁ%ﬁ
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=R

+ ERIROMEEE, BE T~

rE)RF, project treefIfx

7 /Loo

a0 X.

“) XFdtd - Application Preferences

General | Interface | Modeling | Graphs

ped

| Exter| 4| »

| Simulation | Compatibility

Object Editing

. | Edit Name

None
Edit Name
Edit Properties

None, ERE, BN

4]

Edit Name, #{4-ZFE%E pR RO,

e

Edit Properties, BRI EES

EREHN Eﬁﬁ%ﬂ’]ﬁzﬁi KE
BE#T T% IREN
ARE,\“{%FE%E’JEHJJEEEET
EREIUEEEEEFEE
= EEERRE.

d
<4

RFEA
BIRE
=1k D)
RESHT S M E
{E=CER,

€w Item Action: Edit Name

Open Properties in New
Window When Possible

Workspace

I @ Show All Tabs
Show Only Active Tabs

Don't Show Tabs
Layout Appearance
Layout information is automatically stored Application Style: | Plastique .
when XFdtd exits. The checkbox and button = =
Button Layout: Default =

below allow you to clear this information.
Clear Saved Layout on Restart (once)

Clear Saved Layout Now

>

Note: Changes to style and/or button
layout take effect the next time XFdtd is
started.

Information

Show Full Precision of Value for
Expressions' Tooltips

Show Process Id in Window Titles

Gridding

Use Simplified Grid Specification

X When Possible

 (EAENE LRERRIEMEGE

%EESZEQEO

www.qgi-well.com

SFERENERINRIERTRE.

Cancel

o EREEN, BN EER. SRS

. RERORETINE.

BRASIREEE,

Q) EEFERAT
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“ XFdtd - Application Preferences X

l’
i

I BXxX

“s XFdtd - Application Preferences

Graphs

X

Exte r[:E]

%) XFdtd - Application Preferences

Simulation Compatibility

Cutting Plane

General Interface Modeling Graphs Simulation

Default Appearances

Part Material Fixed Point Cutting Plane

Manual fixed points will displayed using

this appearance.
Solid . Face Color:
| Draw Faces Gloss:—— 00—

Specular Color:

- : Line Color:
FilledCircle >

| Draw Lines Line Style: Solid

Line Thickness: |
Marker Color: [l
Marker Style: FilledCircle
Marker Size:

Draw Markers

General Interface Modeling jraphs Simulation Compatibility ExlchE]
Default Appearances View Options General Interface Modeling
Part Material Fixed Point Cutting Plane Components: Default Appearances
Parts without a material assigned to them will be Waveguides: Part Material Fixed Point
displayed with this appearance. Background: [l This appearance will be used for all new Materials. If the
Construction m "Automatic' checkbox is checked, a unique color set will be
Face Color: [l Grid: used instead of the Face, Edge and Vertex colors below.
P2 D R Gloss Mesh Slice u Face Color:
Specular Color: (Free Space): X| Draw Faces Gloss:
Edge Color: Markup 0 = Specular Color:
— Opacity: ——~
Draw Edges Edge Style: Solid - .
it Tere Invert Mouse Edge Color:
lgc Thickness: Wheel Draw Edges Edge Style:
Vertex Color: [l Separate View Edge Thickness:
Draw Vertices Vertex Style: FilledCircle - Tools
Vertex Size- Smooth View Vertex Color:
Transitions Draw Vertices Vertex Style:
Interact with Triad Vertex Size:
Component Name . . . S— .
X when Selected XK Automatically Assign Unique Colors When Possible
OK Cancel

© B MR, ESEE, SR, SINEHRE.

www.qgi-well.com

Compatibility

L SN N

X

Ex[crEE]

“) XFdtd - Application Preferences

General

Interface

Modeling Graphs

Default Appearances

Part

Material

Fixed Point

The Cutting Plane will be displayed using

this appearance.

X| Draw Face

X Draw Edges

- & KE, ERURERERRE

Face Color: [l

Gloss: @

Specular Color:

Line Color: [l
Line Style: Solid

Line Thickness: |

Simulation

Cutting Plane

Compatibility

X

Exlcr[:E]

View Options
Components:
Waveguides:

Background:

Construction
Grid:

Mesh Slice
(Free Space):

Markup

p 92
Opacity:

Invert Mouse
Wheel

Separate View
Tools

Smooth View
Transitions

Interact with Triad

Component Name
when Selected

- BRI PSERRE

Q) 1eFERAE

bl o Lid
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*) XFdtd - Application Preferences

General Interface Modeling Graphs

Plot Name Information

Project ID
Project Name
Simulation 1D
Simulation Number
Simulation Name
Run ID
Run Number

X| Project : Simulation : Run
Result Type
Sensor
Sensor Type
Domain
Field Type

X Misc Info
Notes

7/Lom
] X

Simulation

“p) XFdtd - Application Preferences

General Interface Modeling Graphs Simulation Con
External Queue Integration (EQI)

XFdtd provides capability to integrate simulation creation with an
existing queuing system for the purpose of automatically submitting
simulations for execution using that system rather than XFdid's
internal queuing mechanism. See the Reference Manual for more
information.

Priority: Normal -

X| Use XStream Acceleration
Number of Devices to Use: | Auto =
X| Use MPI
Number of Ranks to Use: Auto =
Extra Queue Options:

Extra Solver Options:

There are no guarantees that the values specified here will be
applied. They are only hints to the queuing system. To specify
absolutely how to execute a simulation, it should be queued directly
with the external quening system.

. Graphs B, (EREFLSEMEEH BN,
e e " ) . Simulation B, [EFIETILIEE XFdtd HUREHERIIA.

Q) 1eFERAE

www.qgi-well.com GhWELL Co..Lid



L1l

KRS T BRI E

“ XFdtd - Application Preferences

| General | Interface | Modeling | Graphs | Simulation | Compatibility |

~Picking Tools

Starting in XFdtd 7.1, the picking tocls do not attach picked
points and directions to the selected geometry by default. To
attach them, press 'a' while picking. To revert to the previous
behavior, where picked points and directions were attached to the
selected geometry by default, check the box below.

|| Attach Picked Points and Directions by Default

~External Queue Integration

Starting in XFdtd 7.8, determining the job 1d of the simulation when
canceling an EQI job 1s handled by the processing daemon instead of
being given to the daemon by XFdtd. This is done to further

separate and clarify the responsibilities of the user interface

and simulation handling. If you cancel an externally queued job in
XFdtd but it 1s not canceled from the job scheduler, check the Custom
QOutput simulation tab for a message about not finding the job id for
the canceled simulation. If there is one, the daemon may not yet be
upgraded. Enabling this option will cause the user interface to
provide the old EQI behavior.

|| Enable Backwards Compatibility for EQI Cancellation

www.qgi-well.com

« Compatibility BE, FRAERLGEHEEMIER(7.1,LIK7.8)RIES

M=
ax. o
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B Parts List (All Parts)

= Assistant /

Simulations

. Results

@ Parameters
Scripting

ol —

zz

VALMZEN

“» 4G_and_5G_smartphone_antennas* -

~IIRE

XFdtd 7.10.0.1 (64-bit)

< (View

File Edif View] Macros Help
LY té o a c Tihrarins + % Search: ~ i3 | Script Edit Execute View o+ (W (@[ tmwose |[o
U 7 ; » F=r
AT e N Materials- Commercial Metals anc  Filters & QF DC x = Name |  Formula
(PRSIl i o fals- Generic Dielectrics (C; Bundi 2
1 Materials- Generic Dielectrics (C./f  §# Bundles B timestep 13.93135-14
“ Project: 4G and 5G_smartpho... Materials- Other (C/Program File< i Parts P
IO Parts Materials- Pure Metals (C:/Prograt |8 Circuit Components @ Phase shift 0
- Circuit Components Materials- Rogers Corp (C:/Progra %5 Waveguide Interfaces @ ws 0.1 mm
%5 Waveguide Interfaces Materials- Taconic (C:/Program Fil. % External Excitations @ we 2mm
% External Excitations J sensors Ot 001 mm
@ static Voltage Points , Materials
s Waveforms Qu 175 mm
onsors {1 Component Definitions ®L 1.15 mm
J ,?'ﬁ“'"‘?"’ 1 Waveguide Definitions = ou 285 mm
= Material ! <11 [ Sensor Definitions =
= — @ 1.3mm
Circuit Component Definitions =
™ Waveforms Name Notes }» @ wb 0.3 mm
A Sensor Data Definitions £ Bundles } i QL 2.05 mm
£3 ForD 10 Parts Type or Choose a Function] O ® ®ss EF
4 Schematics : 5‘;’(“" ?g’“f":» . ® s6 1 mm
S . 4 Waveguide Int...
- 2""’: # External Excita... @ wr 02 mm
TAphE @ Sensors @ lendg 70 mm
[ Groups il geﬁniﬁon; O 33mm
| “ Materials
| = o s 02mm
I Circuit Com... 9;)
| Oiukrw
| No object libraries selected.
Q List Project |vl| 85 1] Search: v | ) |imulation: £3F010 [¥ ¢+ 11| % Queue: Local - lations): 0| % M| @] ViEw
Simulation Na | | Sensor [*/ | Domain | Result Type }: 1d | Name | Date Created | Status 1D Geonetry Tools |+
All 4G Feed wMat...| | All Al 000001 Swee... i@ +—H 23 15:07:02 2021 Completed @ Boolean..
Sweep 5G anten... | 5G NodalWav... | | Discrete Freque... |Attenuation C...
5G NodalWav... | | Time Available Power
5G NodalWav.. Axial Ratio
5G NodalWav.. Characteristic ...
| 5G NodalWav. Component L...
5G NodalWav. Current (1)
5G NodalWav. Directivity
5G NodalWav... Dissipated Po... T ao
22 xggz:a:z:' o] E;::g/g)sou. 2| Sumary | Notes | Output | Diagnostics | Custom Output
Simulation path: ]
Result Type Sensor ‘ Se= | |simulation status: completed
Voltage (V) 5G NodalWaveguide 2:Pin Wavegt | Run Summary
| Current (I) 5G NodalWaveguide 2:Pin Wavegt Ranas
| Voltage (V) 5G NodalWaveguide 2:Pin Wavegt
| Current (1) 5G NodalWaveguide 2:Pin Wavegt _shife' = -120
Input Power 56 NodalWaveguide 2:Pin Wavegt
|Voltage (V) 5G NodalWaveguide 1:Pin Wavegt
Current () 5G NodalWaveguide 1:Pin Wavegt
|Voltage (V) 5G NodalWaveguide 1:Pin Waveg(s! Mialyze Frojecr conrencs 3 g
0l < « O
a an

* XFAdiINMER —ETREARE, CREERHENTIFEO REBEHELE) RS IR

R EET
- BEFLERView 88

TEETAF.

www.qgi-well.com

EEFRESRIE L TRE.

o Create New... v

J(geometry),fiiAs(scripting), &

Value | i
3.93135041... Simulation timestep in seq
0

0.0001

00002

1e-05
000175
000115
0.00285 &
00013 g
0.0003
000205
0.0002
0.0001
00002

007
00033
0.0002 3

=
Results
Parasmeters
Seripting

Libraries

.8 g
L=

Tile
= Cascade

.« PRFREESIGIC

Use this assistant to guide you through the
process of setting up a project.

Project Setup
# Edit project properties

St by SpRONING 3 16w IMNGS 1 e Project Propertiss.

Recommended

- Lot

o View 3ERJAssistant 1EISEY,

A _EARYAssistantiZiEERA]
LA FERUE =

EZIEQ

 (EAETLUKIRE BRI

FETTREEIR,

{3 Add Geometry

[0 Add Materials

[ Assign Materials

{3 Specify Excitation

{74 Add Sensors

{3 Configure Grid

{3 Configure Meshing

{3 set Boundary Conditions
[0 Generate Simulation

) eFRRAE

(I S T
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“ 4G_and_5G_smartphone_antennas - XFdtd 7.9.1.3 (84-bit)

File Edit |View| Macros Help
,* ol B Parts List (All Parts)

AP Assistant
0 B Geometry
“= Prije () Simulations
T m_ S0 Results

® Scripting

Libraries

ty Waveguide Interfaces
5 [#] 5G NodalWaveguide 1 [P..
= [#] 5G NodalWaveguide 2 [P..
I [#] 5G NodalWaveguide 3 [P..
5 [#] 5G Nodalwaveguide 4 [P..
# External Excitations
@ static voltage Points
=) @ Sensors
o3 .ﬂ Ports
= Near Field Sensors
® Far Zone Sensors
@ SAR Sensor
@ SAR Averaging Sensor
B Thermal Sensor
= ||| Definitions
i M Materials
= Circuit Component Defini...
™M Waveforms
‘d Sensor Data Definitions
= {1 FOTD
@/ Outer Boundary
B arid

Il
View 3889 Geometry, Simulations, Results, Parameters, Scripting,
Libraries SHEIRRA] AR R BRI~ LIS,

XFAt IR E LR E S TR (R EME L EFIREMTIEE, Geometry
TFREEREANL, GinEEIEE,

www.qgi-well.com

Lecal Quene: = |1 [
Wl =
01 Sweep 53 s wih e

+ 0 wien
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=~----T + Schematic

S . = schematickdior ek
File Edit View Tools
= l. Schematics = " i : .
- ¥4 Schematic g SR ¢ — HEE=OC HBRARRQARK | L [{o++C
E| g Scrlpts E\b Edlt » Workspace | Solver Settings | Results |
¥ New Macro Script | = Tree 3
~ £¥ Assembly ||
.-5-. [t R

- }TFIGa#ESEEI2E New Schematic #375HY

ooEIR=1310
SIS INIENELE

BIRIRE,
- EEF N EEE SRR ERAF B ISAY
MR E,
www.qgi-well.com Q) MBEFAERAE
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Schematics 57 EL

- BIEEIRINEEHERE.

File Edit View Tools
\ Name: Schematic -ii o —_L 2 < '"‘D &
R &4 BEE=OC HWwARRAR [+ [Nb+ O

P «— ] ,
Eﬁﬂjgﬁﬂo Workspace | Solver Settings | Results |

iF
it L
50 ohm 10 o ¥F Result

o [ Schematics ||

I"I New Schematic

§ Scripts .
% Graphs % Edit b

" I Groups [~ Rename..
Delete Del

NG SEN©

# Properties...
‘EE' Add to Shortcut Group... 4
Il

CEIQENINNELE:

E)S]

« YTHGHRSERE Propertiesg,iBER - EET{ERE.
M TFIFESchematic Editor/ N E4R

EEEEIRIRAL,

Q) EEFERAT
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Schematics &

Workspace Solver Settings | Results |

/v.

B[]

0
i

==l

~ Frequency Sweep Settings

&

Start Frequency: [0.01 GHz

Stop Frequency: [10 GHz

Number of Points: E

S T @ Linear
weep Type: . .
[ ) Logarithmic

R EDITHISERESE A NSRREUR TAISRRE.

www.qgi-well.com

Workspace = Solver Settings = Results l
Filters Search: - @
Analysis / ‘ Operating Mode / Sensor / ‘ Result /
All All All All
AC Analysis Default System Available Power
S-Parameter Analysis A" Characteristic Impedance
Vv Delivered Power
XF:Component |
Input Power
Net Available Power
Net Input Power
S-Parameters
\
VSWR
Analysis N\ Operating Mode Sensor
AC Analysis Default System Net Input Power
AC Analysis Default System Net Available Power
AC Analysis Default \% \
AC Analysis Default \4 I
AC Analysis Default \% Input Power
AC Analysis Default \4 Available Power
AC Analysis Default \% Characteristic Impedance
AC Analysis Default XF:.Component |V
AC Analysis Default XF:Component ||
AC Analysis Default XF:.Component |Delivered Power
S-Parameter An... |Default \% Characteristic Impedance
S-Parameter An... |Default \% VSWR
S-Parameter An... |Default Vv S-Parameters -- S11

BRI ITHIER

REMH.,
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Schematics 87 E

Local Queue: ~ m

£3 FDTD
?:] Response Matrix

T

) Capacitance Matrix

Name
r 1 feed, No SS data
ut

I Circuit Optimization

Post Processing 4 Apply Circuit Simulation

st-processing Simulation us

¥ Power / Phase Superposition Simulation

st-processing Simulation us|fH Array Optimization

-+

v mmcnime Clone et cinime Cobomn adic 96 chcan b e cesibbe TIVTOY cnd Canen 870

N ERREI SR T &, AJLUE—ZHE
EIREUMEMERAAENE L, EIBEERIEK
SERHRFTE

f£Simulations EEINEEREIEPost
Process->Apply Circuit Simulation A§EER

BN E TR BRI,

AJLURIEZ BB E/MHE/NEIEZERY
2D/3DEHMIEmF i,

www.qgi-well.com

*w XFdtd - Create Circuit Post-Processing Simulati...

X

& Name: 'sing Simulation using Schematic "Schematic”

?}E Schematic

Schematic: Schematic

FDTD Block: XF

Operating Modes: Select All

Deselect All

X (Default Circuit State)

. BEEEINES

iz S b

# Notes

Create Simulation Done Cancel

*y XFdtd - Create Circuit Post-Processing Simulati... X

& Name: ;sing Simulation using Schematic "Schematic”

T ;
L Schematic

# Notes

Type in any notes vou would like saved with the
simulation. These notes will be available in the
Simulations Window after the simulation is created.

- REERNNER.

Create Simulation Done Cancel
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Groups B &

o 32 LRBLY|

=] ﬂ Groups e IS
= _ﬂ Shortcut Group 1

|

Part1 =  Groups
. = A Shortcu ¥ New Shortcut Group
[§3 Opper @ Part1 |9, Edit

LAl
3! Surface Sensor COPPE = Tree

@ Surfaq
5 vView Notes
. ?;?;%Eﬁ@lbagiﬁ Fd Select Shorteut Targets
. SRR, SEESEIEE, B, BHESHS, BN

TEGroupsEiEAEE fEEEHE, ICRESRIETNERIVES.

- —(EREHEERI LRGN, SsHEEMFIERSARMEE
NER, WAFEERFRBENEER,

- FEEHETEILIRERESEE, TRSEEHE

www.qgi-well.com

¢ Groups

R shorteut GricP New Shortcut Group

. Parti 4. Edit %, Cut Ctri+X

LH )

R -opper | — ¥ I
Tree ¥ |id Copy  Ctrl+C

g3l Surfaced =

4 View Notes
Select Shorteut Targets
LK

W Paste Ctrl+V

¥ New Shortcut Group

S Edit v

Tree il — Expand All
L View Notes ~ Collapse All

Select Shorteut Targets

* RFEMGEE R R EHIAE,

Q) 1eFERAT
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[T o
Groups B & — T
.« TRET RS —— eentic
BB SR,

Electric Appearance  Fhysical Parameters | Notes

7 Mshortcut Group 1
- B, g Partl
. wpiEE, (@) Copper
. sensori=ik. M Surface Sensor

Type: Nondispersive
Entry Method: Normal
Good Conductor: Automabic =
Snrface Conductivity Correction
Conductivity: 5 8407 S/m

. /| —
il R New Shortcut Group

b R& Shortcut Gr

B Shihia G . % Eirp‘;er T Relative Permittivity: |
° N AR - . : :
/A'%&}é gég$’%ﬂo J : ortcu roup B Surface Sensc |'|' Rename... i Copy Ctrl+C . X Infinite Dielectric Strength
ﬂ-« Partl = [ Shorteut Grol = Tree v W Paste  CurleV Dielectric Strength: |inf Vim
L @ Partl View Notes
é Copper @ Copper o

\ 1 Surface Se M Add to Shortcut Group... *
m Surface Sensor l . Delete Shortcut(s)

[d select Shorteut Targets
- —(EREEETEFMS, 7 —
FHEE,, SensortZELARIRARGE < New Shorteut Group
EEF4ER, & Cofn Edit .
3! Sur[l Rename..

 BJLAFARINREEREG B RHERIAY >0 shq '
HRAFERIMNEREHE. & Collapse All_|
e {M Add to Shortcut Group... * 4

. Delete Shortout(s)
Fd select Shortcut Targets

Il

= & Shorteut Groun 1
' 13 New Shorteut Group

(¢ iYL e Add to Shortcut Group.. = Add To 'Groups'
B Delete Shorteut(s) A Add To New Shortcut Group

[d select Shortcut Targets A Shortcut Group 1 v
TT -

- FEREHENGHETIEER AT LAM
Bietmig, QEER/ALLE, B
FIERE, FINEEES. @ WBtF SR A S
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B2 (Scripts) B &4

- XFdtdRY(ERE IS BERERNA BT IR EEE B IN B EMCERRIETRE .
- AFAILUEBHIABITESI=EN8E, ABEZRIIRIERIREXFdtd XIEES/t.

o EVEFRImMacroskfunctionfilas,

1 ¥ Scripts .
£ New Macro Script © New Macro Scff ¥ oW Macro Script
() New Function Script () New Function § () New Function Script
£ Find Max € Find Max & Import Scripts.. . #Amacroat
. O Flatten Everythi@) Call Function functionflzs,
) Flatten Everything v2 o 7 Graphs . Edit
i | ey = T - [FOYfunction
« B (Scripts) @8 , FIFAILESERERENIA, HERXFdtdiITIEE, > [ Shortout Groug = Te2 s
* XFdtdA9RIZA 5% function 1 macro Mi&E, functiona] LUWESREEERES R \
EEREIFIT, SRiE—EmacroRFIll, macroRIRABLAN R HIRHE S TIRE, . SR
BRI EANT. [l
£ UK macro WA,
{} X3 function |7,
www.gi-well.com Q) EAERAT
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» Function fIAYAEE

fal

(Scripts) &

« Macro IR HESEE,

SKE,

MFJ—_

New Macro Script

£ Find Ma
& Flatten E

a

Graphs

() New Function Script
4 Import Scripts...

Groups |

# Open Function Script

R shortc
o Part.E
3 Copp
@' Surfa

5 A Short

@ Pa
@ Ca
' Su

#% Export Function Script

© CalrFonct

<. Edit

[ Rename..
B Delete

“ Order

M Add to Shgrtcut Group..

n

Del

A

. GREIIREERTHIHEF (order)

y

« FEH function JIZA,
« BRI function 1A,

l

2EB

=

o — g —

() Ne
O Fir
O Fl:

£ New Macro Script
() New Function Script

4y Import Scripts...

=

oy

# Open Macro Script

3 Gro

#» Export Macro Script

AR

v

® Execute

© call Fur

% Edit

([ Renamg..

B Delete
% Order
R Addto

ction

Shortcut Group...

“ ¥Fdtd - Select the script file(s) to import ? >

EAREMCOMWREMCOM ool scripts 000 EME

Look in:

W My Computer | € Add Array of Feedsxmacro
© Add Array of Feeds2xmacro

« FEH macro RIS,

BB macro I,

Rfunctionty, HEFFERIE FRMASEERE.

www.qgi-well.com

BB Z{Efunctionil A EZ—ERS

& minso :
Deskto £ ComputeArrayEIRP (need 7.7.1.4 build)xmacro
- P L Find Maxxmacro
¢ Documents ' gy Flatten Everything v2xmacro
¢ Documents £ Import and Export Frequencies of Interestxmacro
£ ImportExportMaterialAssignments.xmacro
»
Del
»
»
o File name: pen
Filas ~f terece  Bn Serinde (% vmasrs £ wfuneh - f‘i'ﬂ:"'ﬂ]
Files of type: Anw Scnipts (*.xmacro *.xfunc) -

ANy Seripts |

Jomacro *fune)

Macro Senipts (*.xmacro)
Function Scripts (. xfunc)
All Filas (*. %)

. I%EESZ?%?TH%HZKE’\J?E, macrofilABEIfER Bxmacro, functionfilIARYE!
Fa85Axfunction, @ B AR A S
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« M ARRLRI A SRR M ARG B
% NSRRI TR A REEAR .

« AFELIEEESRIU—MREIRET TR
E:\JFI%% REMATHE, MSEER
5T ILAF.

- BHREEER, FFELL
WEEEERIM A TER
BEEEEMIAR s,

www.qgi-well.com

]
View

»
|

# Script Tools
% Editing Tools
® Execution Tools

- ViewIhggRaI L]

Script  Edit fxecute |View
B % el LS
B QEHIDEC Ll
I £ Mow Macro Seript () New Function Seript LF Find Max £¥ Flatten Everything v2
/¥ Name: Find Max
! Created: Mar 05, 2013
/ Auther: &S.S5eidel
‘¥ Demacription: Finds the max valus of a result and prints ths
/ max value and dimensien values.
¢ Populate the project selection combo box
/ given the current set of preojects available

to the guery.
function populatefrojectCombe( projectCombo, guery )
{

var projs = guery.getavailablefrojectids();

var current = gquery.projectld;

projectCombo. secftembist(| projs );

for( var i = 0; i < projs.length; ++i }

{

RERE RS E R
1.

\\\\\\‘-W$%EE,%5
ATLAA LS e

SRYDIRAREEAD

if{ projs[ i ] == current )
puiiht . $4TERTEENmacrolii AR T TAY
AddDataSetOperation() - @ @ 5 - ©

fpgfunctionfiiZs,

A

Q) EEFERAT
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Bl (Scripts) B &G
[Seript| Edit Execute View
€ New Macro Script t

¢ Hlﬁ\l]zl:ﬁﬂglbﬁgfﬁo €M New Function Script

2 Commit IE

QED DC L8 oo

o
&d Clear Qutput
: View

« F7EE macro |, ® Undo Ctrl+Z t

¢ Redo Ctrl+Y
v X Cut Crrle+x ¥

v v i Co Ctrl+C

* #i function KA, . REDO, Irj - Ctrl+v

. EEEON v

! outputiE, Il ‘ S‘elec‘mll Ctrl+A
. EER AR © AR o e e
FFEL, . UNDO, . EEJZ , ‘:;r e
AU e
HIwE. v . R RERAY

- SHAEU. BETH,

JL

Q) BEFERAS
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B ZS (Scripts)

. Xthd R BRI AR TR IR (L7

\\\\\\\

Ik

SEBSE HZE— P IETEBE T RE YOI RE

BEA SRS R R 2 L EE M T BB

P, (ERE T DR —LER

* XFdtdBIAfE FRYEE S = QtScript, ErEA%E{Mava, HF KR ECMAScript JREEE, AT IUEIT

B

*  [BHRQtScript : http://qt-project.org/doc/qt-4.8/ecmascript.html.

* [N ECMAScript #i&E: http://www.ecma-international.org/publications/standards/Ecma-262.htm.

» AF e EBHelpTIRERTTRIEES B HHIFR B 2% .

* FF I IAEXFdtd R S BRI R I HYscripts B R R N 28088 B I S ERI A2 %

© ABMERTRISREIER,

Jx2Z EREMIEFHAR, FEHENE I UIHEAIE,

www.qgi-well.com
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Graphs E7 24

WP W EE 0 TIREL S U 0 p

— =J Gain vs. phase shift
M-
5 Gain vs. phase shift e
=4 Gain vs. Angle
7 e
= Gain vs. Angle 1

- Graphs 8iEAE AEHIKEIRVS TUEEREERISER T
SRR IEEE.
B ARRR S TRIR PR ER A,

 XFdtdR9ZFEMARE (Graph) ¥4 2EBIE R
A28 (containen) IS, MAEEEALAYELPE
&l

- (FREBRIEW e FGREIheERF IS,
Graphs¥ltE L ENER BIKRFERENRE
ERHZKR,

Result Type SeTTe - z =¥ = =
I o R A L T
| yP Pemorey 1 =" - WRFHEHIERIERE, MEHREREER

L Farior  view (default)

Gain View Smith Chart
I

Gain Create Line Graph...
[ Gain Create CDF Plot View
1 Gain Far | Create l:L"':vl}-.'.‘: te CDF Plot T
: .1 i ¥

H Postprocess Far Zone =~ Edit
i Gain Far Zor Far Zone Correlation. |—[_ R'E“amem
| Gain Far Zor Postprocess SAR . Delete Del |

Gain Far Zory  Postprocess Thermal Data iscrete =7 Gainvs phase shift
i SRS - ’ £ Order L

Gain Far Zor Combine SAR Results, Discrete :3 Gﬂl-n ve, Angle t
. View Superposition Definition |- . ) Add to Shortcut Group... L

‘GIaln Ew Zon Create N a‘-r: Jperposition cxnbeng ﬂ—'l' Galn VS, Angle 1 = p

< ¢ ew Superpositio _— —_——nn

 GraphsfUa#s<E,

Export
i ,.E.iz—ﬁﬁrﬁl@ TEGraphsEEEFIZR
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- FREARIBVREET L IFE—RYIINREFHRE.

« FHAssistantiz#2 JFHEF.

Use this assistant to guide you through the process of
setting up a project.

7 Project Setup

- FSimulationsisRTRREIERE
SR,
S = ]

# Edit project properties

Start by specifying a few things in the Project Properties

Recommended considerations are

Creato Simulation: £} FDTD |+ Local Quene: ~ | ]] | & Quene: Local Selected Simulation(s): §0 | & | W | @
« Eregquency range of interast Id Name Date Created Status
+ Linits 000001 |Sweep 5G antennas with phase shifts 8= 78 26 1206552 2019 Completed

000002 |Waveguide Source(s), Param sweep 6 runs, S data at use...| — 7L 16 16:47:30 2019 Killed

m Add Geometry
ﬂ Add Materials
3 Assign Materials
7 Specify Excitation
7 Add Sensors

U Configure Grid

ﬂ Configure Meshing
U Set Boundary Conditions
£ Generate Simulation

u View Results

www.qgi-well.com

Y

Assistant

p ©

- X R LBIREBRIFRE.

- FIGeometryiRi# ThL& &
BURREIR T,

Geomelry

(D)

Simulations

O

N
Results

O

Parameters

-

Scnipting

Libraries

Q) 1EFERAE

§ i i
LT L] N N T Y |
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\ —t—

R

el

www.qgi-well.com

FAResultsizigf JhatEE HIRE.

|%Lm.Pxopc| F” K5 Unlist Project ~ || €F Refresh 1 Search: ~ [x]
‘S\‘mulmiun Number | |Seﬁsnr Type | ISensar ‘ ‘Result Type
All All All All
W® 2 Cireuit Component Far Zone Sensor Axial Ratio
®1 Far Zone Sensor Far Zone Sensor XY Directivity
Raw Steady-State Far Zone ... E-Field (E)
System Sensor Effective Isotropic Radiated ...
Waveguide Gain
‘Waveguide Mode Realized Gain
‘Waveguide Node
Result Type Sensor Sensor Type Domain Field Type | Status =
Gain Far Zone Sensor  Far Zone Sensor Discrete Freque... Total |Cnmple®e Ph
Gain Far Zone Sens... Far Zone Sensor Discrete Freque... Total Complete Ph
Gain Far Zone Sensor  Far Zone Sensor Discrete Freque... Total Complete Ph
Gain Far Zone Sens... Far Zone Sensor Discrete Freque... Total Complete Ph
Gain Far Zone Sensor  Far Zone Sensor Discrete Freque... Total Complete Ph
Gain Far Zone Sens... Far Zone Sensor Discrete Freque... Total Complete Ph
Gain Far Zone Sensor  Far Zone Sensor Discrete Freque... Total Complete Ph
Gain Far Zone Sens... Far Zone Sensar Discrete Freque... Total Complete Ph—]
Gain Far Zone Sensor | Far Zone Sensor Discrete Freque... Total Complete Ph
Gain Far Zone Sens... | Far Zone Sensor Discrete Freque... Total Complete Plg]
T ] QD]

Geomelry

Simulations

. Q

Results

Parameters

[_]u[g > v [ 5

Name ‘ Formula Value | Description
*‘n timestep 3.93135e-14 3.931350415... | Simulation timestep in seconds
@ Phase_shift ‘o of
@ ws 0.1 mm 0.0001|
@ ws [2mm 0.0002|
Dt 001 mm 1¢-05|
@u ‘1.75mm 000175|
([ V] 115 mm 000115|
‘zss mm 000285 |
13mm 00013
‘03 mm 0.0003|
205mm 000205
‘,a mm 0.0002:
A mm 0.0001
02mm 00002
70 mm OD'!'
Jas mm 0,003
02 mm 0.0002|

« FAParametersiZigF 2 BB ERE.

Script Edit Execute View

QBB dClAum g

¥ New Macro Seript

Line 1, Col 1

[Ty or Choose a Function] N o)C]

v

« FAScriptingizif TR ATE R 5251

TEFERAS
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Simulations

&

Results

Q

©

Parameters

&

Senpting

i !

Libraries

www.qgi-well.com

Libraries + % 5 Search: - a
| C/Users/minso/Documents/REMCOM/XFdtdlibraries/new lib 1 (¢| = Filters
(| Cy/Users/minso/Documents/REMCOM/XFdtd/libraries/lib2 (C:/Use, F Bundles
| Materials- Commercial Metals and Alloys (C:/Program Files/Remco | i Parts
| Materials- Generic Dielectrics (C:/Program Files/Remcom/XFdtd 7.¢ | | <5 Circuit Components
| Materials- Other (C:/Program Files/Remcom/XFdtd 7.9.1/libraries/l = #4) Waveguide Interfaces
| Materials- Pure Metals (C:/Program Files/Remcom/XFdtd 7.9.1/libr | | # External Excitations
| Materials- Rogers Corp (C:/Program Files/Remcom/XFdtd 7.9.1/lib Sensors
| Materials- Taconic (C:/Program Files/Remcom/XFdtd 7.9.1/libraries Materials
[ Waveforms
A Component Definitions
! Waveguide Definitions
! Sensor Definitions
Scripts
Graphs
Unknown
|-
g i : | GB)
"Narrle INotes
& [ Definitions
[N Materials
PO PR |
Mo object libraries selected. y
M4 M4 ) b A\ IN N =
+ FilibrariesiZE TGN ERE.
|
L

@) BEFERAT
Q) BEHRAS
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Simulations T = . RESSEEEANEES - REOEOERSEGA

iR, A0GPULCPURLE] HITIRSEE.

Create Simulation:| £ FOTD [+

| Selected Simulation(s): 0 5| W | @

Queue: Local ~

« Simulation FRE ] LARREZ

L\ /{&%‘:‘IE$§};%I1’E , ﬁﬁ }5 ;‘T_'U ﬁf’@ id i Name i Date Created i Status ]
*E?ém’l/lg”%i%%*ﬁ%”*uiﬂﬁi_*ﬁ 000002 .phaSTng set for Theta=0, Ph|=.0 ' Ef 77 A 26 12:05:12 2019 . Completed
B 000003 .phasmg set for Theta=10, Phi=90 _ #= /<R 26 12:05:18 2019 ' Completed L
kﬁ° ° 000004 |phasing set for Theta=20, Phi=90 &= 7<H 26 12:05:25 2019 Completed %;WT ,_‘_HH% ' il 175
000005 .phasing set for Theta=30, Phi=90 ' #= /<A 26 12:05:30 2019 . Completed LJ\&{%-UZF?'_EU EF' Eg
° ﬁﬁﬁﬂl«lig?%gi;w i’uﬂB_$E1:§};ﬁ 000006 'phasing set for Theta=40, Phi=90 . #= 758 26 12.05:35 2019 ' Completed Il *E};ﬁo
_E?éf:' fi IE?EE*E%%{E% 000007 :phasing set for Theta=50, Phi=90 #= /<A 26 12:05:40 2019 Completed
E"JEE ey E I 000008 |phasing set for Theta=60, Phi=90 | 18= /XA 26 12:05:46 2019 | Completed
000009 |phasing set for Theta=70, Phi=90 #|= 7<A 26 12:05:51 2019 Completed
000010 |phasing set for Theta=45, Phi=0 #= /A 26 12:05:57 2019 Completed
- (EREEALMEEEGEERGIE 000011 _phasing setfor Theta=45_Phi=10 = 7. 261206022019 Completed 5

kﬁ]&*EEXthd Eﬁlﬁlﬁ,ﬁ, jZ,xEI:Fl %ﬁ_ Summary | Notes = Outpst  Diagnostics  Custom Output
1@*%?5.*5{]1:%% Simulation path: D:\REMCOM\XF demo\8x8 Patch Beamforming.xf\Simulations\000019
o

Simulation status: Completed

’

- CHESThRIEREE,
PUTHRIERE, 1E

Run Summary

Y R At =V S A ======
« HEPIREREEIA, Run 1: TEHEB i e
All Ports: : b

Port 1: Component 1 1 kﬁI{’EEU%O
Port 2: Component 2 1

R N —_ - Port 3: Component 3 1

- EERETHIRENREE, «— Port 4: Component 4 1 SiEREE TR IEERER,

Port S5: Component 5 1
Port €6: Component € 1
Port 7: Component 7 1
Port 8: Component 8 1
Port 9: Component 1 2

Port 10: Component
Port 11: Component
Port 12: Component
Port 13: Component
Port 14: Component
Port 15: Component
Pars 16+ Comnonent

Do W
SUIN SRR S SR S S N

[«]¥

Q) BEFERAT
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S “» ¥Fdtd - Create FOTD Simulation >

Simulations & st S l

@ Setup Parameter Sweep - (Off)
Ferform Parameter Sweep
Creats Simulation: {:} FDTD J ; T E] @ ‘E E Runs: 5 Paramet;[ 1o S:Bapf |[S J : !'.
= @ Sequence 1 (Runs:5) weep Type: |2hik ok LWL -
id I £} FOTD ™ eedx (5 Values): -0.8 mm -> -0.72 mm | Evaluated Values:
000002 phasing{! ;| Response Matrix
{71 Circuit Optimization - REEEPNESEMGIUREE.
SRS ‘phasmg__? Capacitance Matrix
000004 | phasingll P . : « ERRETLAELLS E*Ei%@“%ﬂﬁ’]ﬁﬂ‘kﬁﬁ, ANRARAEERY
el I R, B RERERMIEE 2 BE L — RS,
+ fitCreate Simulations IHgeRFIEIEE
HATRITAE.
« FDTDZIEEDA(ERXFdtdgyFDTDS |2&
J%;Tfﬁgﬁ%i KIGSBH, wREHEH - S2EETERE
= Bo-suse-te-inalude-unile-in-sous posemotoryalues shove-ii-the-para metoris-dofinad-this-wayin-the-RessmetorLisk
\ © Setup S-Parameters - (Off)
: H{mkga‘é’\@@a Wﬁaﬂgl]/{&ﬁmgjiﬁ foxh Frequencies of Interest - (Use Waveform Frequency)
idL ; ] o
AR . IS ESRIEESEER P E / @ Specify Termination Criteria - (Detect Convergence: -40 dB) P - TRABERRYERE SR,
SkiSTEREE L HOSEES, =
e 2408
‘ EX%”&M{L ‘14: Quene: Local - Create & Queue Simulation  Create Simulation Omly Dione Cancel

- AR EERERITEHINFS. @ N8I3 BB A E)
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N
/N
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LA
I % List Project ™ % Unlist Project = u Refresh ‘ Search: - 0
| Simulation Number | | Sensor Type | Sensor | | Result Type |
All All All All
W 2 Circuit Component Far Zone Sensor Axial Ratio
® 1 Far Zone Sensor Far Zone Sensor XY Directivity
Raw Steady-5State Far Zone ... E-Field (E)
System Sensor Effective Isotropic Radiated ...
Waveguide Gain
Waveguide Mode Realized Gain
Waveguide Node
Result Type Sensor Sensor Type Domain Field Type Status | ]
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Name \ Formula Value Description
ﬁ timestep 1.94394e-14 1.943940300... Simulation timestep in seconds
© phased? 000 ' 0
@ phase42 -127.27 -127.27
@ phased3 105.44 10544
@ phased4 -21.83 -21.83
© wi/a 0.002678571...
@ phaseds -149.11 ' -149.11
® phaseds 83.60 836
@ cpw 50 90
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@ phase12 -127.27 -127.27
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& ™ Materials
96% Silica Glass (Generalized) [ND] CRC Handbook of tables for Applied Engineering Science, 2nd Edition: Table 1-96

3 ABS Plastic (Generalized) [ND] CRC Handbook of tables for Applied Engineering Science, 2nd Edition: Table 1-79
Acetal (Generalized) [ND] CRC Handbook of tables for Applied Engineering Science, 2nd Edition: Table 1-79
&Y Alkyd Resins (Generalized) [ND] CRC Handbook of tables for Applied Engineering Science, 2nd Edition: Table 1-79

Alumina - 96% - 99.5% (Generalized, ... http//www.rfcafe.com/references/electrical/dielectric-constants-strengths.htm
{ Alumina - 96% - 99.5% (Generalized, ... http://www.rfcafe.com/references/electrical/dielectric-constants-strengths.htm

Alumino Borosilicate Glass (Generalize... CRC Handbook of tables for Applied Engineering Science, 2nd Edition: Table 1-96 YBBC AR pr1=NP
%y Aluminosilicate Glass (Generalized) [N... CRC Handbook of tables for Applied Engineering Science, 2nd Edition: Table 1-96 ¢ {iﬁﬁggmfﬁ*‘l'ﬁﬁfﬁbu'fﬁ / E

Balsa Wood (Generalized, 1 MHz) [ND]  http://www.rfcafe.com/references/electrical/dielectric-constants-strengths.htm 1 1 HES MeszREaE et e ’:'9 88
Ay Balsa Wood (Generalized, 3 GHz) [ND]  http//www.rfcafe.com/references/electrical/dielectric-constants-strengths.htm LI Llr_-'a n eSTE\,@\—E#nBEﬁln__nijz = H‘J’ﬁﬁ 1?
X Beeswayx, yellow (Generalized, 1 MHz) ... httpy//www.rfcafe.com/references/electrical/dielectric-constants-strengths.htm %.;’éqﬂ E’\Jé*:l—ﬂm E 5 |_] Hj , {i ﬁﬁ% E_I-L )\
3| Beeswax, yellow (Generalized, 3 GHz) [... http://www.rfcafe.com/references/electrical/dielectric-constants-strengths.htm == B4E Ay
&y Beryllium Oxide (Generalized, 10 GHz... httpy//www.rfcafe.com/references/electrical/dielectric-constants-strengths.htm EJE“E Eﬁﬁ%‘éﬂfﬁgﬁﬁ °

{ Butyl Rubber (Generalized, 1 MHz) [ND] http://www.rfcafe.com/references/electrical/dielectric-constants-strengths.htm
{ Butyl Rubber (Generalized, 3 GHz) [ND] http://www.rfcafe.com/references/electrical/dielectric-constants-strengths.htm
&y Carbon Tetrachloride (Generalized, 1... httpy//www.rfcafe.com/references/electrical/dielectric-constants-strengths.htm
\ Clear Fused Ouartz (Generalized) IND1  CRC Handbook of tables for Aoolied Enaineerina Science, 2nd Edition: Table1-120
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- EEHETEE—EZISEIRE, FTHaRINEERECOpyY, &

. BREEEEE
AYEEL.

= | J! Definitions

|

s Copper

EEERGPHEERYF TRGRIIEREpastelBIFEIINIER

] Notes

ERTPEHE

I Alnico | (62 Fe, 21 Ni, 12Al, 5 C...
M Brass (65 Cu, 35 Zn) [ND]

& Alumina - 96% - 99.5% (Gener...
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CRC Handbook of tables for Applied Engineering Science, 2nd Edition: Table 1-96
CRC Handbook of tables for Applied Engineering Science, 2nd Edition: Table 1-79
CRC Handbook of tables for Applied Engineering Science, 2nd Edition: Table 1-79

CRC Handbook of tables for

lied Engineering Science, 2nd Edition: Table 1-79

w.ricafe.com/references/electrical/dielectric-constants-strengths.htm
book of tables for Applied Engineering Science, 2nd Edition: Table 1-96
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