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Add Geometry

Create and/or import CAD
fo test for Frequency Range
of Interest (FRI)

REMC:i M

View & Export Results

VNA for S-Parameters,
chamber for far-zone, etc.,
all within one simulation...
make changes and re-
simulate

Create & Run Simulation

Simulating like attaching a
network analyzer (VNA)

Sensors

What type of measured
data do | need and where?

Materials

Modeled using real-life EM
properties as well as certain
physical properties

Define Excitations and
Circuit Components

How are signals intfroduced
info my system?2

Gridding & Meshing

Discretize physical objects in
space so we can simulate
using FDTD

© Remcom Inc. All rights reserved.



XFdtd Overview

® XFdtdH] DIz 3 T WindowsHELinux{Eal 525 » P fe ] LR ERYGUI

® XFdtdiy =% T{EFSEHE IER Tonds ZOpenGLHEN Eorics /> ATRU WA Rk A I B+
HTEANEE - FHRFIN A 2 R A

®  XFdtdyif Bife (I CUDATIH 2 GPUINIH B A RATATREE - [RILEENZ FHkNvidia CUDA
HAAHN B oGP » A/ DEI AT RS AR IR + SR L i AR IR — 5248 » B
[REH R =0 EREMCOM 14

® XFdtdAViT BEREER MEEFH RN - E-REGPUEX T HMIEREIEIR I LA - (HiP
Wi T+ FRRERY R IRITR 2 BE(AAR A 22T HY

® EWRAFHEE L - ESREEN T RRE S R

REAAC‘:“-"IV\o © Remcom Inc. All rights reserved.



XFdtd Overview

o XFdtdPyEGA B REE

“ Unsaved Project - XFdtd 7.8.0.1 (64-bit)

File Edit View Macros Help
View

“ Project: Unsaved Project
I© Parts

+= Circuit Components

%4 Waveguide Interfaces
%, External Excitations

@ static Voltage Points

/I\Tﬁiﬂﬁﬁﬁqgﬂ%@ \E @SEnsors

Project Tree
BEIRA R ) 28

® Ports
= Near Field Sensors
* Far Zone Sensors
@ SAR Sensor
@ SAR Averaging Sensor
W Thermal Sensor
o [ ] Definitions
4 Materials
AIT Circuit Component Definiti...
Am Waveforms
&l Sensor Data Definitions
4 £33 FDTD
i/ Outer Boundary
B Grid
a Mesh

FITER

“* Scripts
= Graphs
ﬂ Groups
Revert Cancel \pply @
.\R
[« | G [

I Geometry Tools | = Create New... ~

BRI

“ﬁa Modify... v || @ Boolean... v

by

"-“hg [‘ Name: Unsaved Project

Project Path: <[Jnsaved Project>
Frequency Range of Interest Notes Display Units Advanced

This setting controls the frequency range of interest for this project. This frequency range allows XFdtd
to automatically provide some simulation parameters and output formatting.

o

[©

4
Assistant

Geometry

o

Simulations

&

Results

©

Parameters

Minimum: 0.1 GHz Maximum: 6 GHz

Libraries
Il — g
— =R
|”|Il Editor

| AT RE BN A

REMC:i M
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File Edit View Macros Help

" Unsaved Project - XFdtd 7.8.0.1 (64-bit)

View

o 1 o
File| Edit View Macros Help L 3 c 9 Geometry Tools =/ | == Create New...
E= v ) &5 (=7
‘4 New Project View . = .
@ “s Project: Unsaved Project
New Project from Template... Geometry Tools |~ - '
% e jﬁ o & = Circuit MG B Assembly
\7 YPen EXisting Froject... %) Waveg B View Parts List (All Parts) |Gl
== New Window b #; Extern: #® Cxport to CAD File... 4 Revolve
h‘! Save Project % Static \&& Sypparts v |[ 7] Sheet Body
. = @) Sensor isi [ Sheet Body from Ed
&é Save Project As...  port <@ Set Visible E eet Body from Edges
E g Proiect C A = Nea @ Set Invisible | & Sheet Body from Faces
- ave rOJ(lEC OPY AS. =Y FarZ Material v |G Wire Body
¥ Close Project _ @ s4R[% Edit @ Sphere
£ Import € CAD file(s)... 6&? SAR| & View Notes (7) Cuboid
) . Thermal Sensor & Cylinder
™ Export 4 XFdtd Version 6 File... 5 (7 Definitions <1 Cone
[~)l Manage Project Templates... |4y PCB.. [ Materials O Torus
. : . : i Circuit € t Definiti... .
== Create Project Archive... 4 Voxel Object 4 e~ m'/;z‘:[o”‘;?p"“e” efinit /) Pyramid
(@ Recent Projects » 4y From XRCS... Sl Sensor Data Definitions 4 prism
- INF t
€ Quit 4 Numeric Dataset... - £ FoTD &
— m/ Outer Boundary = Helix
=] Definitions B8 Grid & Birdcage
& Materiale o Mesh )

« S ACADKER, il LA
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“p XFdtd - CAD Import Options X

Geometry Size

File name:  |demohousing.sat Open

Files of type:

Interpret modeling units as: Width (X): 20
Height (Y): 150
millimeters *  Depth (Z): 8

termine its extents
vhenever possible.
e modeling units of

Modeling | o7 Sip

Pro/E (¥.prt *asm *.prt.* ®.as
Pro/E- Assemblies only .
CATIA v4 (".exp ".model *.session)

Import wire bodies

X Heal
Refresh and merge with existing parts
Assign materials to imported parts

~Material Assignment Settings

wport Granta Designs BOM

© BERSORAIIE TS ACADI
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OK Cancel
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Specify Orientation Edit Cross Section

Context K K A xtrud
‘ Lr Origin ol - vie| - wiSell - ¥y Advanced Mode . 5
— X:| 0mm 0 0 0 (4] f N o~ oY Qﬂ @v s |l &~ I~@)-~ Q F Construction Grid ~
Presets - - | [0 mm 0 0 0 X| Construction Grid b (9 z (Z_I E\ertangle [@ D {‘5\ E
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% Project: Unsaved ProJect
I Parts
= Circuit Components
%4 Waveguide Interfaces
#; External Excitations
@ Static Voltage Points
= () Sensors
@ Ports
= Near Field Sensors
* Far Zone Sensors
@ SAR Sensor
@ SAR Averaging Sensor
I Thermal Sensor
= | Definitions
o [ Materials
« Copper (Pure) [ND]

[ Circuit Component Definitiy

(& Waveforms

= Sensor Data Definitions
& [3 FDTD

i/ Outer Boundary

#h Grid

REMC:

View

I Geometry Tools |~ == Create Newn.. ¥ | S Modify... v || @ Boolean... ~

Libraries + %

Q/REMCOM/Libraries/NEW 1 (Q:/REMCOM/Libraries,
femp (Q/REMCOM/Customer projects/China/Huawei

Materials- Commercial Metals and Alloys (C:/Program
Materials- Generic Dielectrics (C:/Program Files/Remcc
Materials- Other (C:/Program Files/Remcom/XFdtd 7.8
Materials- Pure Metals (C:/Program Files/Remcom/XFc
Materials- Rogers Corp (C:/Program Files/Remcom/XF
Materials- Taconic (C:/Program Files/Remcom/XFdtd 7

s

Search: ~

Filters

I& Parts

< Circuit Components

< Materlals
"M Waveforms

C I

Component Definitions
'*) Waveguide Definitions
'Sl Sensor Definitions
Scripts
= Graphs
[T | (@) Unknown

Notes

&/ Cadmium (Pure) [ND]

& Cerium (Pure) [ND]

QJ Cesium (Liquid, Pure) [ND]

& Chromium (Pure) [ND]

& Cobalt (Pure) [ND]

r\_J Colombium (Pure) [ND]
Copper (Pure) [ND]
Gallium (Liquid, Pure) [ND]

& Gold (Pure) [ND]

& Hafnium (Pure) [ND]

& Indium (Pure) [ND]

1 Library. 47 Objects (0 hidden).

MLibrary S e FERT IS

CRC Handbook of tables for Applied Engineering Science, 2nd Edition: Table 1...
CRC Handbook of tables for Applied Engineering Science, 2nd Edition: Table 2...
CRC Handbook of tables for Applied Engineering Science, 2nd Edition: Table 2...
CRC Handbook of tables for Applied Engineering Science, 2nd Edition: Table 1...
CRC Handbook of tables for Applied Engineering Science, 2nd Edition: Table 1...
CRC Handbook of tables for Applied Engineering Science, 2nd Edition: Table 1...

CRC Handbook of tables for Applied Engineering Science, 2nd Edition:

CRC Handbook of tables for Applied Engineering Science, 2nd Edition: Table 2...
CRC Handbook of tables for Applied Engineering Science, 2nd Edition: Table 1...
CRC Handbook of tables for Applied Engineering Science, 2nd Edition: Table 2...
CRC Handbook of tables for Applied Engineering Science, 2nd Edition: Table 2...

CALAun

fFH#E By 5 =Ch A project tree

-
Assistant

o

Geometry

®

Simulations

&

Results

©

Parameters

Libraries
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(] Definitions
= & Materials

-[M Waveforms

_@ Sensor Data Definiti
£3 FDTD

- @) Outer Boundary

-8 Grid

+XFdtd

I Copper (Pure) [NC
1 Circuit Component [

L1l

New Material Definition
Dispersive Material Calculator
<@ Set All Materials Visible

<@ Set All Materials Invisible

(@ Remove Unused Material Definitions

9 Edit b

SVRS)IR

=2

A 4

Liks!

Type: Physical

& Name: New Material

Electric: Isotropic

Electric Appearance Physical Parameters Notes

Type: | Nondispersive

Entry Method: Free Space
Perfect Conductor

~ Magnetic: Free Space

SO e

Debye-Drude

Conductivity: E?;’r‘l:[r)lltgd

Relative Permittivity: Nonlinear
Time Dependent

‘ Mesh

5% Scripts
= Graphs

=
= Tree ’

©  RPEREILHAR

BRI IR E AR 5 20

& Name: New Material

Electric:| Isotropic

Type: Physical - Type: Physical ~

& Name: New Material

Electric: Isotropic

~|Magnetic: | Free Space - ~ Magnetic: Free Space -

Electric Appearance Physical Parameters Notes |

Electric Appearance Physical Parameters Notes

Type: Nondispersive -

Entry Method: Normal -
Good Conductor: Automatic ~

Surface Conductivity Correction

Type: Sampled -
Evaluation Frequency: 1 GGHz

+u

‘ Frequency Conductivity Relative Permittivity
0 GHz 0S/m 1

Conductivity: 0 S/m

Relative Permittivity: 1

¢ IRIBFHERTE AR A B
REMCIEM
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Eiee o el i=iba)

J@“ﬂé@@EﬁE%(conductivity)%mEﬁ%’éﬁ(relaﬂve permittivity)=F1E s i S A S 2] 73 DU AR G

ARSI 2R > BRI BE e B BRI R IT R 45 R

REAAC‘:“-"IV\o © Remcom Inc. All rights reserved.



XFdtd H U HRBE R DA S AT S AT 5

Mesh Edge:

Index: { -, -, --}
Length: --

Tvpe: - DA/ N EEILAESR
T BT 22 R ER Y
fiinear field » 1F3X
28] NERA PR -
Bk FDTD T &L,
fEEEH{T T
XA IR
Farzone

D
1o %

%
E\ﬂ %
O

B EoRISOHIFE: | Ay %
A poA A , FiEmesh viewd] L

TR IS

’mm NINEEE

Slice: = Slice: Y Slice: 0

@ Mesh Cutplanes 3-D Mesh View Mesh Information: ¥ Spatial X Material | X Synchronize Sliders Mesh Visibility: E H
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XFdtd

®  FDTDRUEECE: BT & E oA REd TR e iy T 5 A m] SEHYZE

®  XFdid RBHVR KAA R T2 —kK
o FAPAUERENIF R EBCE AN R R

View

Cell Size Extents Fixed Points Gnid Regions Advanced Info

¥ Enable PrOGrid Project Optimized Gridding

¥ Use PrOGrid Base Cell Sizes

“s) Project: Unsaved Project

Min Cells Per Wavelength: 15 Target Cell Size: 3.33103 mm
= @ Parts Min Feature Size Cells Across
"I part1 Good Conductorg: 6 X Rario |3
++ Circuit Components Poor Conductofs: |4 X Ratio |5

#4 Waveguide Interfaces
%, External Excitations
@ Static Voltage Points
=] @ Sensors
[ Ports
_F Near Field Sensors
™ Far Zone Sensors
@ SAR Sensor
@ SAR Averaging Sensor
Jﬂ Thermal Sensor
= | ]! Definitions
o [ Materials
! Caopper (Pure) [ND]
m New Material
_’_" Circuit Component Definiti...
hm, Waveforms
E Sensor Data Définitions
o £3 FDTD

« EEMRVEE

REMC M

|® Ports
F Near

» Far Zo
@ SAR # Export to CAD File...

<@ Set Visible

ﬁ! Therm<@» Set Invisible
(]! Definitic

® AR

&[4 Mate

D_FDTD E Tree
m/ Outer

== Create New b
< Modify 3
#; External ) Check Model

@ static Va® Boolean ,
@ Sensors E2 Heal

b View Parts List

1%, Select Parent(s)

4% Circuit ¢
#5 Wavegu

[<] Faceting Properties

PR HE R DA S A 2 E A

[

Grid Regions
X Use PrOGrid Grid Regions
Target Cell Sizez 333103 mm
Minimum Cell Size: (320528 mm
Custom Min Cells Per Wavelength 15
Custom Min Feature Size
Custom Min Cells Across Feature 5
Custom Number Of Padding Cells 3
Custom Boundary Refinement Ratio 3
Custom Boundary Refinement Number Of Cells |3
Add Grid Regions Even when Part is Unmeshed

Fixed Points

Use Automatic Fixed Points
Boundaries

Automatic Discovery Options

Lower:

N o<

XX X

Upper:

N o<

Minimum size: | mm

X X X

© Remcom Inc. All rights reserved.
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PortiyUCHC B ES #& (F 4 I T R PR
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= I& Waveforms .
M Au &Y New Waveform Definition

[E_"l Sensq[ @ Remove Unused Waveform Definitions

'ﬂ’ty & Name: [Unsaved Project

Project Path: <{Jnsaved Project>

. {Eproject treefE 1L
B Ay

Frequency Range of Interest Notes Display Units Advanced |

This setting cont ior this project. This frequency rai
atically provide some simulation parameters and output formatting. N Qi Name: | nonatic Type: | Automatic 2
Time Domain Brﬂﬂdbﬂl’ld
Gaussian
Gaussian Derivative
Modulated Gaussian
Sinusoid
User Defined

1
08
06

L 04

g 02

0

02

04

06

Minimum: (.1 GHz Maximum: 6 GHz

Amplit

0 02 04 06 08 1 12 14 16 18 2 22 24 26
Time (ns)

Freguency Domain

«  FEAXFdAtdifEGE ] DUE P s S project Property
Editori% & {7 B 1T SR U B B0 R

[
~,

ST = S i Ebroadband By Bk A i S DL AT _E
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'
-[® Far Zone Sensors

----- . New Matenal © SAR Sensor
= ﬁ CerL”t C_Ornnnnnnl' MNafiniti ) @SARAVE@Q'MQEE"’SO"

P
= Near Field Sensors

@ A Name: ohm Voltage Zource  Type: | Feed

Passive Load

. - o o - Thermal Sensor Resistance: |30 ohm
@ 50 ohm #® New Circuit Component Definition - [ Definitions Inductance: [0 NonhessCapcin
- = o o e ey ‘th‘\ R i .\f’l[? § )
g E Waveforms| @ Remove Unused Circuit Component Definitions f “—.aCs';‘;‘:r (Pure) IND] Capacitance: |0 oF Netlist Component
= _ () All Series
..... B Automa @‘t'ﬁ Edit | E New Material o RLC Arrangement: o s Parallel
=7 Circuit Component Definiti... . N
@ o Matching Circuit: | <None> <
Sensor Dat =
ree H E Automatic Feed Type: @ Voltage Current
E.J E} FDTD & EWaveforms Amplitude: 1V
- mi Outer Boundarv (M Automatic Phase Shift: [0
-5 Sensor Data Definitions PeTay: 1015
E}.FDTD : | Automatic
- m/ Outer Boundary
f Grid
- g Mesh
df% Scripts evert Cancel
=7 Graphs
S5 = i -
*  (EXFdtdopa] DURIE TR Z #1720 A S R s R -
H
=
@ & Name: Passive Load Type: |Passive Load -

¢ f’Ejj/E’Z/fE’jag{fF E:I_JHTT T%Eaﬂl‘jjﬁi@. ’ J@EJU\\fF_g Resistance: 50 ohm RLC Specification: Normal ~
bFE@TEﬁgﬁE@a%E%*%@ Inductance: 0 nH

Capacitance: 0 pF
All Series
RLC Arrangement: @ All Parallel
RLIC
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“ Project: Unsaved Project

T WH‘:’”S g Endpoint 1 (-): CT — ~Endpoint 2 (+): Center Of Edge
: > =
& Circuit Components X: |61 mm X: 57 mm
& Waveg New Circuit Component with » No Definition —> — - —
# Extern < Edit » | New Passive Load Definition Y: |76 Y: 76 mm

@ Static Voltage PoINts
B @ Sensors
2 Ports
S Near Field Sensors
* Far Zone Sensors
® SAR Sensor
@ SAR Averaging Sensor
@ Thermal Sensor
= || Definitions
& (8 Matariale

© N DETHENIE (port)
o WIRRIAE BT R 0 st el AT
FETHEAISRAE T

Z: 45 mm g\@

& New Feed Definition

9 New Switch Definition

New Nonlinear Capacitor Definition

f§ New Diode Definition

B New Netlist Component Definition

New Photoconductive Semiconductor Switch

Endpoint 1

Connections Properties

dio ~ ¥ Include in Mesh

Name: Component Direction:

~y
Endpaoint 2

Component Definition: 50 ohm Voltage Source 2~ Polarity: Positive ~ X This component is a port
Distributed Advanced -

Gridding Options
Evenly spaced in orthogonal directions

©  fEEIE

Enable Fixed Point on Endpoint 1

Enable Fixed Point on Endpoint 2
X Use PrOGrid Grid Regions

© TEERARCHYRES IR > ERE - TTTRIFIR AR SR E
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FEXFAtd i B] DLE A 1% Sensor RN SRR - T ESER G T RN Y e A

SensorfFg 73 #Tiz(Near field) > Hiiciz(Farzone) » gz o DAUSEERS IS E U RE R (5] 284 LR 77 HE
EAHZHEN > EEWERSETE > T WINRES 5

Egrt’%?%ﬁﬁ%%{flﬁéﬁ*ﬁ~/[\point sensor{FEII B [T X DT A Rt - 41S11

XFdtd B/NEERE A Ay Sensor » Z1ISAR » HAC - =2 Thermal Sensor - & DL TR [E A
FIRTE > At e gEFRZ DRI T EHC &
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iz Sensorlf{ £ ERY 45 5

BT L T ‘

3 @ Sensors
=2 Ports

IS Near Field® New Point Sensor
* Far Zone '--

Select Model | Select Faces | Properties !‘ Reve

Name: Surface Sensor
Sensor Definition: Surface Sensor Definition ~ Sampling Method: Snapped to E-Grid |~

@ AR S 2 New Sensor on Model Surface L <None>
ensi— Surface Sensor Definition
—
@ SAR Averi 22 New Rectangular Sensor

B¥ New Planar Sensor
5-[]] Definitions | New Solid Part Sensor
= fﬂ Materials|‘a1 New Solid Box Sensor
Copper|(§) New HAC Sensor

New M 24 New Surface Current Sensor
& Circuit Cg

B 3 50 oh R Edlt

& Automat|c
3 50 ohm Voltage Source 1
'3 50 ohm Voltage Source 2

e ¥i#ESensorfyfpzk

« R ERGE TER RO E -
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iz Sensoryy &£ E

& Ports

@ Near Field Sensors

~[/® Far Zone Sensors

() SAR Sensor

@ SAR Averaging Sensor

: ﬁ! Thermal Sensor

"] Definitions

B[EH Materials

m Copper (Pure) [ND]

----- ! New Material

B ﬁ Circuit Component Defin...
a @ 50 ohm Voltage Source
@ Automatic

@ 50 ohm Voltage Source 1
@ 50 ohm Voltage Source 2
E—@ Waveforms
A Automatic
= IS Sensor Data Definitions
Surface Sensor Definiti...
@ Point Sensor Definition
E Solid Sensor Definition
New Surface Current S...
FDTD

REMC:i M

& Name: | Surface Sensor Definition

Fields To Save

B H B
Scattered E Scattered H Scattered B

Field vs Ti

Steady I

Steady E Steady H Steady B

Ficlds vs Frequency Density
ower ns1

+ Scattered fields are collected only when using an External Excitation.

+ Poynting Vector results require that both E and H vs Time are collected.

+ Steady-state fields are collected only when possible.

+ Average Power results require that both E and H vs Frequency are collected.
+ Rotating B+ and B- require that B vs Frequency is collected.

S

£

pling Time Range
Start Time: |0 * timestep X Start of Simulation
End Time: |1000 * timestep | X End of Simulation

Sangpling Interval: |10 * timestep X| Use Project Value

Revert l Done Cancel Apply

B

’ TE F AR T[]
IEﬂBr—'%%DHﬂ‘E%J&TE

PESES

& Name: Point Sensor Definition

Fields To Save
E H B I
Scattered E Scattered H Scattered B

+ Scattered fields are collected only when using an External Excitation.
+ Poynting Vector results require that both E and H vs Time are collected.

Field vs Time

Sampling Time Range

Start Time: |0 * timestep X Start of Simulation
End Time: [1000 * timestep | X End of Simulation
Sampling Interval: |l * timestep X| Use Project Value

S Y

HHYHEE HEE T RS E0E
Ry E R EANE
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i FH Sensorlfy &5 B 14t B

ile Edit View Macros Help

View
1 gl
: Geometry Properties !‘ Revert

4

- i Coordinate System Type:  Theta, Phi -
“ "'I part1 B “Theta Phi
<% Circuit Components Start Angle: 0 Use Single Theta Value | Start Angle: 0 Use Single Phi Value

Component [Port 1]
%3 Waveguide Interfaces Stop Angle: 180 Increment: 5 Stop Angle: 360 Increment: 5

%4, External Excitations ¢ %ﬁi§iFarzone Sensorm‘ J/\/L
i ja ‘ e L R 2 SRR A

& Near Field Sensors

® 5:45, ;E'I;SO,:’ 2 % New Far Zone Sensor f ]
@ SAR Averaging Sensor |# Far Zone Reference Settings... \ o T J/J\ X E F arz O n e S e n S O rE/j
I\ Thermal Sensor < Edit »

| | Definitions

= [ Materials . ﬂ ﬁEW IETJ
T TTE—

New Material
= Circuit Component Defin... \ i
=[5 50 ohm Voltage Source [ ]

et / «  HDUE & E ILFarzone
= [5] 50 ohm Voltage Source 1 \ Sensorqigbroadbandggii?g

3 50 ohm Voltage Source 2
& M Waveforms
@ Automatic
= & Sensor Data Definitions
Surface Sensor Definiti...
3 Point Sensar Definition
@ Solid Sensor Definition i =
New Surface CurrentS... R
£3 FOTD =
W/ Outer Boundary

B Grid =2

- = Geometry Properties
Name: Far Zone Sensor
| Enable Far Zone Sensor ~Data Collection
Collect Broadband Data [X| Use Project Value Sampling Interval: |[Project Value
XK Collect Steady State Data

REMC:i M
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.

Assistant

Create Simulation: E}FDTD |[ Local Queune: ~ m Queue: Local ~ ted Simulation(s): 4|
N\

‘ Id | \NQme | Date Created\\Status
\

Simulations
[ocal Queue: ~ ” L3 Queue: Local ~ Selected Sim
v Queue Options Date Created

Results

Simulation Performance

Maximum # CPU Cores: :

@ Use XStream Acceleration |9

e . »EEESimulationsF T H{5

XStream Options

; Simulation Options Number of Devices to use: All : E—\L /;%_—:E/\j @ﬁj/y\ &%%U

Extra Solver Options: Determine Usable Devices: | Automatically - I o
Specify Usable Device IDs: [/AUtQ

[?:] Response Matrix
77 Circuit Optimization

N1FZ . . H
E)L:@ Capac|tance Matrix Note: These settings are global a X Fall back to CPU if XStream cannot be used.

instances of XFdtd, and are read
the time a simulation is launche

XStream Information

Detected XStream Device(s):
2 x GeForce GTX 1080 Ti

Show Detailed Information

Summary | Notes | Output | Diagnostics | Custom

. iR 1Sol y — P . \ [ AAe V2>
S n T sower i ¢ PERERRGTERE YR - CPUIR
L L LLR GPU

REMC:i M
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) XFdtd - Create FDTD Simulation X

& Name: Discrete Source(s), Param sweep 5 runs, SS data at user-spec'd fregs

@ Setup Parameter Sweeps - (5 runs)

X| Perform Parameter Sweep

. . |I] . . Rﬂﬂs: 5 Parameter to Sweep: | B
|

iy @ Sequence 1 (Runss) Sweep Type: [Btu:'c, Incr., Count
[_ x (5 Values): 69 -> 7.3

Evaluated Values:

T T R LR

I\ ZEEVEE T EIR

\

Be sure to include units in your parameter values above if the parameter is defined this way in the Parameter list.

@ Setup S-Parameters - (Off)

#o% Frequencies of Interest - (Use 2 Specified Frequencies)

© Specify Termination Criteria - (Detect Convergence: -30 dB)

— A o
. T = T > o {55 F N 72 7
Queue: Local ~ Create & Queue Simulation | | Create Simulation Only Done Cancel

© SERRIE 0 JTET
REI\AC':.:‘\.-"Mo © Remcom Inc. All rights reserved.
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e Setup S-Parameters - (On: 2 feeds)

@ Compute S-Parameters

Active Port(s): Select All Deselect All

X Feed [Port 1]
X Feed 1 [Port 2]

© REERAUESSY > AZ P portAUnE - BiF
BHSSHHIT R M = — 0T B — M ElR
W REFEAESS LT R FEII
KA port

#ot Frequencies of Interest - (Use 2 Specified Frequencies)

X Collect Steady-State Data

Frequencies | Options |
Frequencies at which to collect steady-state data:

() Use Waveform Frequency

@ Use 2 Specified Frequencies: @@

7.46 GHz
20.14 GHz

+ IREWEERSEERIL - S A EIR - (2
IR E AN E RSB 2

REMCIEM

@ Specify Termination Criteria - (Detect Convergence: -30 dB)

X| Analyze Project Contents

X Detect Convergence

Threshold: |-30 dB |

Minimum Simulation Time: [(Ftimestep

Maximum Simulation Time: | 34460 timestep
Maximum Wall Clock Time: 0 us

FEXFdtd S ST AR AE B B TA S AL T2 TR
FHVZE[E] > ZEEVSTEITZG > NI ERZRIE NI
FERZ R - P B A bR AT E HVEE

XFdtdZE o PP AE e TP Y AE R A DI SRS
FASMER T et tE kit R E A

BOE mUE = AR e T RBTHRR R (B — R
[y > —f& ' WAE-20dBE]-40dB
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Summary Notes Output Diagnostics Custom Qutput
output log for simulation 000007

XFSolver Version 7.7.1.1 (64-bit) (XStream:CUDA) o Xthd/\T { \Ti‘ UE/j %é}ﬁl/\’_ﬁj/i&

Hostname is HOMEL s>y \;:F ,\(//_’\
Estimated total system RAM regquirements for CPU-based simulation(s): 107.7 MB J|_|\ :I:L
Estimated total system RAM regquirements for XStream simulation(s) : 83.1 MB

Estimated total device RAM requirements for XStream simulation(s) : 57.9 MB

Simulation written with XFdtd 7.7.1.1 (64-bit)

Processing input file 'project.xsim' N PN
Obtaining license... license obtained! o 1%}5@% l:[ I J)/L@% E {E)EH nﬂlg—$EP
Base working directory is: Q:\REMCOM\XF tutorial projects\Tutorial patch arrayv.xf\Simulations\000007 —_— 7

Work]l_ng directory changed to: OOOQO?\RunOOOl %D&' \_(/\\l

Reading fdtd-setup and geometry files ...

Executing with 1 thread (4 for supported features).

FDTD Timestepping license obtained.

Initializing parameters ...

Initializing XStream (CUDA) FDTD Accelerator for calculation...

Status updates will occur no more than every 5 second(s) (fixed-time algorithm) ° ﬁ[:[ %ﬁ% r % —I« %D T H E/jf %
Executing simulation with 2 XStream (CUDA) Accelerators [ 0 1 ]. 33

Time stepping beginning. Maximum non-convergent time step will be 34460. J/ 9{‘

* Time and percent estimates are based on the maximum number of time steps m ] /l lil:l:[“u\ | /f‘j l:[

Percent Time step Convergence (dB) Time

Complete current/Max Current/Target Elapsed/Max Remaining
0.00% 1 / 34460 0.00 / -30.00 0s / 0s
0.84% 290 / 34460 0.00 / -30.00 55 / 9m, 49s
1.77% 610 / 34460 0.00 / -30.00 11s / 10m, 10s
2.61% 899 / 34460 0.00 / -30.00 16s / 9m, S57s
3.47% 1197 / 34460 0.00 / —-30.00 21s / 9m, 43s
4.46% 1538 / 34460 0.00 / -30.00 26s / 9m, 16s

REMC‘:.“.-MO © Remcom Inc. All rights reserved.
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Fr-raAN—=

N —— N

FE AR

1

7N

L~
— Loorch: = —
|Simu|ation Number | Sensor Type ‘Sensor ‘ |ResuItType g
All System Voltage (V)
®1 Averaged SAR Sensor Source 1 VSWR
(B} Circuit Component Solid Sensor 1 TDR Impedance
W 3 Far Zone Sensor Solid Sensor System Efficiency
i 4 Point Sensor SAR Sensor (Raw ) Standalone Radiation Efficiency
@ 5 Raw SAR Sensor SAR Averaging Sensor (1g Average) SAR (Specific Absorption Rate)
Raw Steady-State Far Zone Data SAR Averaging Sensor (10g Average) S-Parameters
® 6 Y ging 9 9
®7 Solid Volume Sensor Raw Steady-State Far Zone Data Reflection Coefficient
Surface Sensor Planar Sensor Realized Gain N 77 < = = ’?FZ’. >
System Sensor Feed 1 Radiation Efficiency > ® H I J/J\{’[ \(/H\I\:{ :J JI_I\ E ﬁﬁ )
Feed Radiated Power JVERN
Far Zone Sensor Poynting Vector (S) EE& EI/'\]4$[[:[ U-l;ﬁ }% &,f/;[:
E field Net Input Power /l\
All Net Component Loss
Net Available Power =
Maximum SAR Value
Instantaneous Power
Input Power
Impedance
H-Field (H)
Group Delay
Gain
F_Field (F) g
Docygld Tuno Copcr Copcar o o ain Eiald Tyoae Ciot o H‘
E-Field (E) Planar Sensor Surface Sensor Time Total Complete Active port: 1
H-Field (H) Planar Sensor Surface Sensor Time Total Complete Active port: 1
B-Field (B) Planar Sensor Surface Sensor Time Total Complete Active port: 1
Conduction Current (Jc) Planar Sensor Surface Sensor Time Total Complete Active port: 1 k‘k‘/_‘\f“"‘ 5‘5[&&,{/4—[: E/\jo ut ut
Poynting Vector (S) Planar Sensor Surface Sensor Time Total Complete Active port: 1 /rﬂ‘ — }ﬂ:j /I\ p
Net Input Power System System Sensor Frequency N/A Complete Active port: 1
Net Component Loss  System System Sensor Frequency N/A Complete Active port: 1
E-Field (E) Solid Sensor 1 Solid Volume Sensor | Time Total Complete Active port: 1
Characteristic Impeda... Feed Circuit Component  |Frequency N/A Complete Active port: 1

REMC:i M
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Hconcar e

| Simulation Number

Project ID
Project Name
Simulation 1D

Simulation Number
Simulation Name
Run ID

Run Number
Project : Simulation : Run
Result Type

Sensor

Sensor Type
Domain

Field Type

Status

Misc Info

Notes

or

r

ar Zone Data

e e IS

I

Result Type Sensor Sensor Type Domain Field Type Stati
Gain Far Zone Sensor Far Zone Sensor Discrete Frequencies Total Complet:
Far Zone Sensor Far Zone Sensor IRV G ET ) Total Complet
Gain Far Zone Sensor Far Zone Sensor|  V/iew Smith Chart Total Complet:
Create Line Graph...
Postprocess Far Zone
Far Zone Correlation...
Postprocess SAR
Postprocess Thermal Data
Combine SAR Results...
0 Export to CITlI file...
Unlist Project Export to Touchstone file...
Export to "s' file...
Export to UAN file...
Export to Text file...
Export to Matlab...
Export to CSV...
Export as Wireless Insite Array...
o Export to Optenni Lab...

i

/

Export to MIMObit...

SOV AT DL ] - = 2EEElS M > B i LU At a2 A
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HT-SARINIE So&—E 0T s (mass) I A PTRIRUY | %/ VRTRE =
AN SARI T BT ST = BV PAAS 0 B R Ok i
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AT

Yy

{EXFdtd

B @ Sensors
=2 Ports
+ J—' Near Field Sensors
& SAR Sensor

Y vy
— 01

SARH T

XFdtds2 L pPAFSAR Sensor » SAR Sensor F&AL & S
IRiEEHE » SAR Average Sensorfe it AR iHE—5e

@ SAR Averagmg Sensor

=-(g) Sensors

E Ports

+ S Near Field Sensors
[ Far Zone Sensors
@ SAR Sensor
& SAR Averaging Sensor |
ﬁ! Thermal Sensor
B lj Definitions

- LI"II Materials

l El Circuit Compeonent De
- m Waveforms -_/ Properties...
B @ Sensor Data Def|n|t|oni K Add to Shortcut Group...
B E} FDTD

- m/ Outer Boundary

.....

<@ Set Visible
<@ Set Invisible

REMC:i M

v

ST IR PR E
Al 2 THRORI R T BlUR 7 » J58—fAER Tl
PRAERGEHH DT E R T

“EFEEnable )= FHSensor

HeEePropertiesi% ;£ Sensorsp [ FH 25
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FEXFdtd i1 TSARIITE

View
SAR Averaging Tissue Materials A Revert [

X Enable SAR Avergsing (Corner 1: Fixed Position Corner 2: Parameterized Position

X L:omputc l-gram Avg. ST\R Data k-0 mm X- 275 mm . .
| Compute 10-gram Ave. SAR Data -0 ° I&ESAR Se n SO r@
%)

* ﬂ J/\/L ﬁ?%%( iﬁ?ﬁ: - Averaging Region f: 10 mm
E/\jAve rage SAR Full Grid @ Box Auto Subregion £ :i]inpﬂ o Z(150 mm D /E\B/j :;“‘P 9 /ﬁ\y#;‘#

A\ 4

e — N AR R

© Remcom Inc. All rights reserved.
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*  XFdtditH{TSARIT RIS ST B T R HIARHE E

o ENRMHRIIA R TR E 4 4 Tissue Material » LUK 45 TADRIYE FEXFdd A SE 1T ETE

L E] LAFESAR Sensoriy sz e T Pk e 220 AT E YA}

SAR Averaging Tissue Materials

| All Tissue Materials Phantom Liquid
A Name: Phantom Liguid Type: | Physical - ® Sclected Extremity Tissue Materials
Electric: Isotropic ~ Magnetic: Free Space -

carance Physical Parameters Notes

X Tissue Materia

nsity: 1000 ke/m”™3
Water Ratio: 0
Heat Capacity: 0 J/ke/K
Thermal Conductivity: (0 W/m/K
)
)

Perfusion By Blood: 0 mL/100g/min
Metabolic Heat: 0 W/m"3

REI\AC“-IV\m © Remcom Inc. All rights reserved.



EXFdtd /T SARAY &

o s 1 s s o N wr
Simulation Number ‘ Sensor Type ‘ ‘Sensor ‘ ‘ResuItType ‘
All All SAR Averaging Sensor (1g Average) SAR (Specific Absorption Rate)
DN Averaged SAR Sensor SAR Averaging Sensor (10g Average) Maximum SAR Value

Circuit Component All Dissipated Power

Point Sensor Average SAR in Exposed Object

Raw SAR Sensor All

Raw Steady-State Far Zone Data
System Sensor

*  SARHVITELS R A] DIERAE

Result1JSAR
Sensor/Averaged SAR Sensor

NS

o HLINZ2DH o AR S
yrias dant @R IIRUSE Dy il

[Py

File

SAR Statistics for:
Project Name:
Simulation:
Run Number: 1

Tutorial A validation of SAR different SAR sensor setting

-Params for 1 feed, SS data at waveform freq

¥ Show Scaled Values (Click on a value in the table to scale.)
Apply Edits To Which Scope: Single Frequency ~

Quantity 835 MHz
= SAR Sensor ( Raw )
Maximum Value 0.03484 W/kg

Location of Maximum
Average Value

Total Power Dissipated
Total Tissue Mass

& SAR Averaging Sensor (10g Ave...

Maximum Value
Location of Maximum
Average Raw SAR Value
Total Power Dissipated
Total Tissue Mass

& SAR Averaging Sensor (1g Aver...

Maximum Value
Location of Maximum
Average Raw SAR Value
Total Power Dissipated
Total Tissue Mass

Net Input Power

Power Scaling Factor

(112.5 mm, 74.55 mm, 0.5034 mm )
0.0004214 W/kg

0.002133 W

5.062 kg

0.01545 W/kg

(1125 mm, 74.55 mm, 0.5034 mm )
0.0004214 W/kg

0.002133 W

5.062 kg

0.02374 W/kg

(1125 mm, 74.55 mm, 0.5034 mm )
0.0004214 W/kg

0.002133 W

5.062 kg

0.002498 W

1

]

T ———

SAR (Specific Absorpti... SAR Averaging Sensor (... Aver.

T |

View (default)

View Smith Chart
Create Line Graph...
Postprocess Far Zone
Far Zone

Correlation
Postprocess SAR
Postprocess Thermal Data
Combine SAR Results...

PO

Unlist Project

uencies N/A

Export to CIT! file...
Export to Touchstone file...

Export to "s' file..
Export to UAN file...

up Sequence Statistics

nimum: 0 2 0.5mm

Showing: | 104

< 105418 m

Export to Text file... —
Export to Matlab...

Export to CS\V...

Export as Wireless Insite Array...

Export to Optenni Lab

© Remcom Inc. All rights reserved.
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*  XFdtdu] DUEN S5 8¢5 AR Tmacroy e ohfe » Hol{bEFREGE T e i
* PR DIETESHAE R LT EATXFdtd3 5

Script Edit Execute View

. 5 Scripts
= Graphs
I Groups

Q New Macro Script . P 3
£ Import Scripts...
@ Call Function utorial A validation of SAL

2 2 ¢ =
CQEDHE DC X 8

L¥ New Macro Seript L¥ New Macro Script (1) L¥ Add Array of Feeds
function AddLineEdit( parent, label, defaultvalue )

% Edit » Sequence Statisti {
var lineEdit = new LabeledLineEdit();
.. i = lineEdit.label = label;
Minimum: 0 7 05 mm . :
linekEdit.text = defaultvValue;
Maximum: 222 || 2245 mm parent.add( lineBEdit );
| ) return lineEdit;

}
function AddCheckBox( parent, label, checked )
{

var checkBox = new CheckBox();

checkBox.text = label;
checkBox.checked = checked;

parent.add( checkBox );

N A S B |

REMC‘:.“.-'MO © Remcom Inc. All rights reserved.



HAMITRE

» XFdtd SERAERBIRVRE IS TIT S - JF H U E B A (AR
FHENZFE DR
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