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Wave

Integrated Design Environmen

Wavenology EM - AntennaCouplingonTank

File Edit w  Coordinates  Simulation  Tools  Help
: /yaégﬁa@eglz;@mirolflmaa%
Main Menu B0 gy e b B

880000 g @05 &

90 LHEe® g 9 4ot T tghl
Pd fm B F o+ ¥ oF W e B @S 2 @ & e ;7
Project
[= AntennaiCouplingonTa
= 9% Design

Main Canvas

Boundary

IE Freq & Pulse

Tool Bars || Dws

IE Time
& Sources
- Observers
 Lumped Ports
&5 Wave Parks
#¥ Circuits
il ation Pulses
Materials
7 Curves
[ Faces
& solids
£ Voxels
=-[Fd Snapshots
Face Snapshot g

{[F Body Snapshot &
.| Far Fields WH_K /
Tem 'y
T : :: Imp;ted Result Background £ &ir <Lnit " (mm) <

.
bounding hox: (- 3683221 =2203503,= 10,1'1364?) , (B768.479,2089.663,2529.627)

size: (3457.7001 x 4293.16617% 2840.0075) Center. (1039.629,-56.92,1109.6233)
(erse)=(1,0y, (ursm=01.0

Project Tree

Log o
Preprocessing... Domains: 1x 1x1, Cells: 217 x 128 x 78, Deltatime: 1.1173e-011 sec, # of cores: 2, CPU Time: 5.719 sec, Explicit salver is used ~
Time Skepping. ..
Simulation is resumed, .
Simulation is being terminated, please wait a moment. .. L W d
Simulation is paused by user. User may see results up to the last bime window. Og I n OW
Last time windowe: 0.0446919 ns, Mumber of time step: 4, CPU Time of time-stepping: 3.25 sec, Postprocessing: §
v
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View Tool Bars
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Zoom & Rotate Pre-defined views

[ T, /

TRt o|[==|aal. 000000

~ —

Select volume or surface Global or local coordinates

Cross section ECT cells AXis Object info

b elel3]<[e Flecle o

Grid || Domains Background || Source & Observer
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Simulation Setup
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m Design m Ports
Unit Lumped Ports
Background Wave Ports
Boundary m Circuits
Freq & Pulse SPICE Circuits
Mesh Sub-Circuits
Time Internal Resistor
m Sources Internal Inductor
Types Internal Capacitor
= E/M Dipoles Internal Diode
. CE; ; U'V'SSFi’;)r']agzzf'nP'a”e Waves Internal Josephson Junction
| .
m Bessel Beam = Materials
= Near Field Ingestion PEC
Time-Domain Signatures PMC
= BHW Air
= Gaussian Dielectric
= Ricker Dispersive
= Delta Conducting
= Rectangle
= Sine Lossy
= User Defined Inhomogeneous (voxel)
m  Observers (Anisotropic)
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Design - Unit
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Project Design

Linik |Back|;|r|:|unu:| Boundary | Frequency and Pulse | Mesh | Time

Length |meter " |
Tirne |seu:|:|nu:| w |
Frequency |hertz w |

{(®) )0 with Frequency  (Hz)

() i with Wavelength in vacuum  (m)

m |/O with Frequency
Determine the bandwidth of the simulation through frequency range
m |/O with Wavelength in vacuum
Determine the bandwidth of the simulation through freespace wavelength range

Aug. 30, 2012 Wave Computation Technologies, Inc. 6



Design — Background

Project Design

1Jnik Background | Boundary | Frequency and Pulse || Mesh | Time

Homogeneous Background Material LorenkzMatl

[ Juse Layered Medium

LorenkzMat1

. Mew Material
... Import From Lib
= = dr = JIC

Laver Stack Crientation

(Mate: The bottam position and lawver thic
the stack orientation. Double click ko begin each cell edit.)

IR | | cancel |

Project Design

IInik Background | Boundary | Frequency and Pulse | Mesh | Time

W

Wave
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Homogeneous Background Material

Use Lavered Medium

[ ]
I

Layer Skack Orientation

{Moke: The bottom position and laver thicknesses are along
the stack orientation, Double click to begin each cell edit.)

BT [FOSTITEm 6 Material Action
Layer Thickness
Top Air
2 0.5 LarentzMat1
1 0.1 PEC
Bottom |0 Air

Zancel

|-

m  Support both homogeneous and layered medium as background
m Both user defined and pre-defined material library can be applied
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Design — Boundary

m PEC, PMC
m  Open

m Periodic
Aug. 30, 2012

Project Design

IJnik Eian:kgru:uundl Boundary |FrEE|LIEI'|E‘:.-' and Pulse | Mesh || Time

¥ Boundary ()
“rmin |Open ak input position L4 | Position |-EI.25
HIna |Open at inpuk posikion w | Position |EI.25
% Boundary ()
Y min |O|:len with gap W | |
¥rna |Open with gap w | |
Z Boundary ()
Zmin Cpen with gap |
M3 |Open without gap |
Open at input position
PEC at input position
PMC ak input position
Periodic ak inpuk position

o] Coom ) (oo

Wave Computation Technologies, Inc.
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Design — Frequency & Pulse

Unit | Background | Boundary | Frequency and Pulse | Mesh | Time

{®) Frequency Range [MHz]

Plot Pulse

Max, F_eneqy [MHz]

Min. Freaq. (Frind | 10 |

Max, Freq. (Fmax) | 1000 |

) Project Pulse

]

Unit | Background | Boundary | Frequency and Pulse | Mesh | Time

s ]
= P ]

W
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) Frequency Range [MHz]
Flok Pulse

| |
Max, F_eneqgy [MHz]

(%) Project Pulse

il |

Pulse Tvpe
COrder
Delka
har, Freq. (fc,[MHz]) Rectangle
Sine

i Mokte: fo = Frax)'3. 351 User defined

[ o ] [eeey | [ concel |

[ oc | [ ey | [ comcel |

m  When specify a frequency range the default wideband source will be applied
m User can also select his/her own project pulse
m Click the “Plot Pulse” button will show the time-domain signal of the source

Aug. 30, 2012
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Design — Mesh
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m Automatic

User only need to specify the Project Design 3
pOIntS p-er Wavelength (PPW) ik Background | Boundary | Frequency and Pulse | Mesh | Time
Everything else will be 5 v
1 1 Aukomatic N ance
aUtomatlca”y determlned Poinks Per wWavelength (PP Synchronize PPWs [¥] dditional
User can also further control the sy [ s - control points
automatic mesh by customizing oad |
the mln/max Ce” ratlo and max min/maz ratio |0.001 max adjacent ratio (1.3
adjacent cell ratio
Additional control points can be O Marual
i Mumber of cell
\z;\voétljled to the automatic mesh as “rl et of cels N "
o M anu al ) User defined
User can also manually control
the mesh density along each
dimension . o o et oo
. Inmnurm angle or solid sUrrace angle [=]u ]
m User defined
A fully customized mesh can
. . I
also be defined by the user with S W

a mesh point file

Aug. 30, 2012 Wave Computation Technologies, Inc. 10
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Design — Time
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m Time Window

x]

Project Design

Controls the simulation time -
. . . . i d d d Pul h me
User deﬁn_ed tlme W|ndOW W|” L|I'|It. B.ackgrnun Boundary || Frequency and Pulse | Mes
force the simulator stop at the e
time barrier specified by the user O User defined © Automatic
Automatic will estimate the Energy decay [dB] |40 v
energy decay and variation level, _ o] [ B
the simulation will stop when the e e
specified threshold is reached. R
(Carefully used for high-Q | |
Syste m) () User defined (%) Awtomatic
u Delta TI me ) ] Receiver Recordings Snapshot Recordings
T|me Step fOI‘ the S|mU|at|On Recordings times per 21 Recordings times per
o Recordlng |nterva|S period of max f_energy period of max F_energy
Recording Interval Recording Interval
Allow the user to control the (Unit: # time steps) (Lnit; # time steps)
recording intervals of the
solution
This will impact the resolution of

the displayed result

Aug. 30, 2012 Wave Computation Technologies, Inc. 11
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Sources — Types
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Edit Existing Source

MName |Su:uuru:el | Tvpe (zaussian Eean

Prop. Dir.{deg)

itheta, phil 0,0 | Polarization  |Magnetic Dipole
B . . Plane Wave (E Pal.)
g;l;?;_lxls |III, o, 1 | AEZ?-II:urE Plane W.ave (HPal.)
= o 3aussian Bearn
Bessel Beam
hear Field Ingestion
Excitation Pulse
() Use project pulse Plat pulse Pulse bype | |
() Use individual pulse Edit pulse Delay [<] |III |
Amplitude |1 |

Dipole m For plane wave and
Plane Wave beams, an indicator
Beams will be displayed of its

. . propagation and
Near Field Ingestion polarized directions

Aug. 30, 2012 Wave Computation Technologies, Inc. 12
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Sources — Time Domalin Signatures

Pluse Pluse Pluse
1.0
1.0
0.9 0.8
0.8
0.6
0.7
z 08 p 04
8 &
2 2
5 05 5
S 5
= 202
0.4
0.3 0.0
0.z
0.z
0.1
04
-0.0
-0.0e+000 5.0e-009 1.0e-008 1.5e-008 -0.0e+000 5.0e-009 1.0e-008 1.5e-008 -0.0e+000 5.0e-009 1.0e-005 1.5e-005
Time (=] Time (=] Time (5]

BHW Gaussian Ricker

Pluse Pluse Pluse
— 10 1.0
0.9 0.3
0.8 0.6
0.7 0.4
o 06 » 0.2
-1 -]
= 2
5 0.5 5 0.0
) &
= =
0.4 0.2
0.3 0.4
0.z 0.6
01 -0.6
0.0 1.0
-0.0e+000 5.0e-009 1.0e-008 1.5e-008 -0.0e+000 5.0e-009 1.0e-008 1.5e-008 -0.0e+000 5.0e-009 1.0e-005 1.5e-005
Time (=] Time (=] Time (5]

Delta Rectangle Sinusoid
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Sources — User Defined Pulses

Excitation Spectrum - magnitude
Project - Pulse

++++ Real Part
25 | - s -120 == Tmag Part
,_ “ |— w— agnatude
2.0
-130
1.5
1.0
o -140
0.5 h=A
W
o n
8 g
200 ] -150
o
L]
0.5 =
-1.0 -160
1.5
-2.0 J
-2.5 - -
-0 100 200 300 4DD. =0] &00 Fao 800 Q00 0.015 0.020
Time (n=)

Frequency (GHz)

Excitation Spectrum - magnitude

++++ Real Part
=+ = Ima] Part
= Magnatude

m User can provide a fully = gl fxciation Pulses
customized time domain =1l Transient
signal and load it into il &l
Wavenology EM gy Project

s | e
= Automatic interpellation | "l e

1.0e-006

5.0e-007

: : =1 1l Magnitude 8
and re-sampling will be Tl
performed Il Project | g

m  The spectrum of the ihil Phase
user defined signal will il Real Part
be automatically ol Imag. Part
performed

-0,000 0,005 0.010 0,015 0.0z20 0,025
Frequency (GHZ)
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Observers

m Field components can be
selected based on user’s
interest

m Array Creation is supported

m  Fully customized observer
position can be loaded from
a external file

Aug. 30, 2012
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Observer Editor

Chserverd (1,1

- Ohserverd (2,1
- Ohserverd (3,1
- Ohserverd (4,1

Ohserverd (5,1
Ohserverd (1,2
Ohserverd (2,2

~

single Observer |

Marie |Ol:-server4_{1, 1) |

Ohbserver Position

Ohserverd (3,2 8 |-250 i) |III | z |EI
Ohserverd (4,2
Ohserverd (5,2
Observerd (1,3 Captured Components
Ohserverd (2,3
Ohserverd (3,3 Ex Ev Ez
Ohserverd (4,3
i Hzx Hy Hz

Ohserverd (5,3
Ohserverd (1,4
Ohserverd (2,4
Ohserverd (3,4
Ohserverd (4,4
Ohserverd (5,4
Chserverd (1,5

’ Create ] [ array Creation ” Delete ]

Wave Computation Technologies, Inc.
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Ports — Lumped Ports
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x]

Lumped Port Editor

m Can be used as source General
and/or observer Name  |LP1
m S-parameters, impedance, Hope
incident voltage/current, < paramater Port — |
Scattered VOItagelcurrent Source & Obser F‘Ius A Resistance Rpéz::stT;nt?L
and total voltage/current DC Resistance 50 [_Edit AC Resistance | | (R-Rdc+Rac)
will be automatically
calculated after the Exctation Pulse
Sim U|atIOn () Use project pulse Celay [ms] |0
() Use individual pulse Amplitude |1
=11l Lurnped Parts
Positions
1 II S-Parameters Megative (Skart) Terminal Pasitive (End) Terminal

+

11l Icident waolkage
gl Icident current
11l Scattered vaoltage [ ok ] [ Caricel ]
1l Scattered current
gl Total valkage
gl Total current

+

e
-l-""'-.
+

+

+

+

+

Aug. 30, 2012 Wave Computation Technologies, Inc. 16
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Ports — Wave Ports
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Wave port setup E|
Marne Type |Source & Ob [ Pork Mormal < i w
Size

(%) Input Rectangle Bounding Box

Corner 1t x1 | | wl |EI | z1 |EI |

Catner 21 x2 | | we |30 | z2 |2IZI |

Boundary Condition

Left Right Top Botkorm
Mumber of Mode Multiple Pins Setting Mesh Conkral
Impedence Mormalization {obm) Palarization &ngle

=1l ‘Wave Ports | | ] |
11l 5-Parameters

1 II II'|'||:IE.'IZ|E|I'|IZE.' Excitation Pulse
1l Icident walkage

I II Irident current (¥ Use project pulse Plat pulse Delay [ns] D
Scattered volkage
i II d () Use individual pulse Amplitude

il Scattered current
1l Tatal valkage

1l Total current

+

+

+

+

+

Aug. 30, 2012 Wave Computation Technologies, Inc. 17



Circuits — Josephson Junction & Diode

Josephson Junction Editor

Marmne | 111 |

Junction Parameters

Critical Current (4 10,0001 |

Junction Resiskar (Ohm) | |

Junction Capacitar (F) | |

[ Bias

Position

Start Terminal | 7.8565, 3, 0 |

End Terminal |?.E=5E-5, 3, 1.044 |

Reverse

[ Help ] [ Ik ] [ Cancel

]

Aug. 30, 2012

||| JJ1 LD

W

Wave

Computation

Definition of internal Josephson

Junction and Diode
T

Modify Lumped Diode

General

Marme | |

Parameters

Temperature (K} |3EIEI

Position

Megative (Skark) Terminal

Positive (End) Terminal

Emission Factar | 1 |

Saturation Current (5 |III.IIIIZIl |

|?.8555, 4,0 |

|?.85E-5, 4, 1.044 |

Reverse

Start -= End Dinde Paolarization

%) P-N Junction (I M-P Juniction

Wave Computation Technologies, Inc.
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Circuits - R, L, C

Modify Lumped Capacitor

General

Mame |C1

Parameter

DiC Cornponent

Pasition

Meqative (Skart) Terminal

Plus AC Compaonent

Edit AC Yalue

Pasitive (End) Terminal

(X]
Unit

Plok Tatal
Yalue

|?.8565, 5,0

| |?.8565, 5, 1.044

| Reverse

[

Ok ] [ Cancel ]

Modify Lumped Inductor

General

Mame |L1

Parameker

DiC Component

Position

Megative (Start) Terminal

Plus AC Component

Edit AC Yalue

Positive (End) Terminal

X

|L1

W

Wave
Computation
Technologies

HFH

Definition of internal capacitor,

iInductor and resist

Modify Lumped Resistor

General
Unikt Mame
Pararmeter

[ Component
Plok Takal
Walue

Pasition

|?.8565, 6,0

| |?.8565, &, 1.044

Megative (Start) Terminal

Flus AC Component

Edit AC Value

Positive (End) Terminal

|

Plak: Tokal
Value

or

| Reverse

17,8565, 7, 0

| 78565, 7, 1.044

| Reverse

OK ] [ Cancel ]

[ ok

][ Cancel ]

Aug. 30, 2012
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Circuits — SPICE (1)

‘ SEHET
m SPICE circuits can

be deflned through Modify Lumped Circuit . _
Stan d ard S P I C E General Existing Subcircuits in Projeck

e

. . Mame |SPICEL bvpe name parameter
n etl ISt fl I e 5: Sqif Sif _subekt Loops=2
Circuit Text %c 20 5gif 2D _Rect_Sqif_su,.,  0x0 array

[ | The port th at £3Dcsqud  squid Te=0,0001;R

Pt CIR. - PULSE WIDTH MODULATION

Commur"Cate W|th VIN 10 SIN(D 1 0,005GHZ 0 0)

RIM 101K

the EM Solver must YTRI 2 0 PULSE(-1.5 1.5 ONS 7,4M5 7.4M5 0.2M5 15MS)

RTRIZ O IMEG

be defined if the B33 4 V-u(v(1,2)

R3 4550

circuit is co-simulated | |ssomm

together with other
components < >

. . -_Delete
m  Sub-circuits are -
S u p po rted 1 DNDSEIE Pt ?SItBaSr;SPU;iti;“ ;';25505?01”.044 A System Inkrinsic Subcircuits
m Intrinsic quantum : 3F EEF Qd
circuit elements such )

as 1D and 2D SQIF
and DC SQUID

Aug. 30, 2012 Wave Computation Technologies, Inc. 20
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‘ SEHCE]

Circuit Canvas Circuit Categary

B oo
m SPICE circuitscanalso -0 oo ] e

Circuits — SPICE (2)

e

Simulation  Tools  Help

bedeﬁnedthrougha L I
GUI L §I”M°r

Capcitor

m User can draw their 5555555555[']%@[455555 4
circuits instead of using T1 % """ &

Resistar

Current Source

Yoltage Source

circuit definition files - e
I_I

Circuit Line

Circuit Setting

Setting

- time window: 200 ns, Mumber of time step: 537606, CPIU Time of time-stepping: 59,922 sec, Postprocessing: 1,14

ak 07710012 09:41:26, Total CPU kime is 1 min 1,157 sec {61,157 sec)
ces: 01 (#passed/#comparizon)
imparisonls -1§0.01 Error code 3

Aug. 30, 2012 Wave Computation Technologies, Inc. 21
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Materials — User Defined
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] Edit Material X B Edit Material X
u Ma‘terlal typeS General | Electromagnetic | Elastodynamic Mmmastudvnamic
Normal
PEC /PMC || | | | |' |
Conductor oo
Dispersive Normal v| [ _edtdspersion |
| | Relative permittivity Relative permeability
! [ |
[] Add to material ibrary Electric conduckivity Magnetic conductivity
o I |
Electric loss bangent Magretic loss tangent
| I |
Help | oK | | Cancel | | Apply | Help | oK | | Cancel | | Bpply |

Aug. 30, 2012 Wave Computation Technologies, Inc. 22



Materials — Dispersive

m Debye, Lorentz and Drude

Dispersive Material

Relative permittivity Electric conduckivity IZI Electric loss bangent | | [ Plat Real ] [ Flot Imag ]
Electric Poles
Cebye H 4 % Larentz H & X Crude H & X
Eps_r... Relax, time(s) Eps_... Dampingc... Resonank ... Damping ... = Plasma an...
2 0.2
6.5 0.3 |
Relative permeabilicy Magnetic conductivity ICI Magnetic loss kangent | | [ Plak Real ] [ Plot Imag ]
Magnetic Poles
Debye - )‘; Laorenkz - ﬂ Crude - ﬂ
Mu_r (... Relax, time {s) Mu_... Dampingc... Resonant ... Damping ... = Plasma an...
« ] ] (o)

Aug. 30, 2012 Wave Computation Technologies, Inc.
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Materials — Voxel

Computation
Technologies
Voxel Editor E|

General

Mame |Voxell Uint  |millireter w

Phrysical Size
Loaded Yolume

Yolume Skart Position

m Voxel definition is also i Conptation onain 00,0 otn) b
supported o

m Either entire volume or O so the whole volams (@ Use sub-voime
sub-volume can be Comer 1 (x2) 200
specified with voxel comer2 6y [1L1]
definitions

m The material properties ol P
can either be specified
or loaded from the
external f||e Elec, Conductivity (Sfm)  (®)Bulk [0 ®)

Relative Permeabilicy 1 Bulk =

Mag. Conduckivity (wim) () Bulk ()

Relative Permitkivity ®eulk |1 I

Aug. 30, 2012 Wave Computation Technologies, Inc. 24
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Model Construction

m Define Geometries

W
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m  Operations on Geometries

Curves Union
m 2D Poly Line & Parametric Curve Subtract
= 3D Poly Line & Parametric Curve Intersect
Faces Disassemble
. Cover Curve as Face Array Copy
Solids Translate
s Box .
= Ellipsoid Mirror
s Cone Rotate
= Elliptical Cylinder Scale
m Polygon Cylinder
m Torus
m Archimedean Spiral
m Toroidal Spiral
m Spine Line Bondwire
» JEDEC 3 Pints Bondwire
m Body by Sweeping Face along
Curve or Axis
m Body by Lofting Face
Import from CAD Models
Aug. 30, 2012 Wave Computation Technologies, Inc. 25
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Curves — 2D Poly Line

Computation
Technologies

2D Polyline Editor X
. . . . Local Coordinates Syvskem
m Poly line is defined according to the N s
local coordinate system (u,v) orgn. | A
m User can define its own u and v axis Uais [1,0,0 vaxis [0,1,0
m Poly line points can be loaded from
an external file Vertices
(U, v) &
1 o
3 &0 20
4 &0, 40
[ 50 55
7 30; 30
8 10 5
q ;0
10
1
12 3
S »

Aug. 30, 2012 Wave Computation Technologies, Inc. 26
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Curves — 3D Poly Line
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3D Polyline Editor X
Local Coordinates Swskem
Qrigin |m |
‘ Z
Udxs (100 | axs (010 |
Vertices
A
wvw O
1 koo
2 10; 20; 10 Preview
3 50; 30; -10
4 20: 5 10
a RN TEET
" Y 6 0;0; 0
7
8
9

|
L =]

Maore Rows

o
[

W

"
1

| #

)

|

\l

Aug. 30, 2012 Wave Computation Technologies, Inc. 2
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Curves — 2D Parametric Line

Technologies

- 20 Parametric Curve Editor
‘ Local Coordinates Swstem
Cirigin |m |
4w Udxis (100 | Axis D10 |

Parametric Formula

Uit |t*t |
W) (5 |
Wity | |
Parameter (F) Range  £O; |EI | kl: |2IZI |

Help ] [ Presig ] [ (04 ] [ Zancel ]

Aug. 30, 2012 Wave Computation Technologies, Inc. 28
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Curves — 3D Parametric Line

Technologies

A0 Parametric Curve Editor

‘ Z Local Coordinates Swstem

Qrigin |m |

Udis |1,0,0 | s (0,1,0 |

Parametric Formula

e L) P10 |

viE) [ttt |

Wity |t |

Y Parameter (t) Range 0 |EI | kl: |2IZI |

Help ] [ Presview ] [ Ik ] [ Zancel ]

Aug. 30, 2012 Wave Computation Technologies, Inc. 29
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Faces — Cover from Curves (1)

2D Polyline Editor,

X

[ | Create a 2D pOIy Ilne Local Coordinates Swskem
m Such bounding curve must be closed | o moE |
Usis (001 | vads (010 |
‘ Z Vertices
v, ¥) =

1 ko
2 100; 100
3 150; 200
4 200; 200
5 150; 300
b 100; 200
7 -100; 200
8 -50; 100
9 0; 0
10

= T
12

w
% < »
P S %

Aug. 30, 2012 Wave Computation Technologies, Inc. 30
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Faces — Cover from Curves (2)

B Makerials

Wave
Computation
Technologies

m Select the bounding b (HOCLEe®E

[ LS mrjec )

cu_rve & solids
m Click the “Cover from 0 Yoxels
Curves” button _
. Face Editor ['5_<|
m A face will be created ‘ y4 m— )
as Shown [=] Hiskaory

m User can also modify
the bounding curves
after the face is crated,
and the new face will
be updated based on
the modified curve

Help | | ok |

Aug. 30, 2012 Wave Computation Technologies, Inc. 31



" W

Wave

S O I I d S — B OX fetmhologies

m Box is defined by specifying the lower and upper corner
m Box also has its own local coordinate system
m User has to specify the local u and v axis

‘ 4 Box Creation D_(|

rame |B|:u:|w]l:|3 | Material | PEC W | [ Mesh l
Transparency
0 0 100

y

Box Parameters

Lower Corner ||:|, 0,0 | LS Origin ||:|, 0,0 |

Upper Cormer |1|:|n, 100, 100 | U Axis |1, 1,0 |

Y fxis |1, 1,0 |

L

Aug. 30, 2012 Wave Computation Technologies, Inc. 32
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Solids — Ellipsoids

W
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m Ellipsoids can be created by specifying 3 radius Ru, Rv and Rw
m For sphere, simply check the “Sphere” box

Aug. 30, 2012

Ellipsoid Editor

Mame |Body00S Material | V| [ Mesh
Transparency
] ] 100
-
v
Radius [|3phere Coordinates
Ry |200 | orign |0, 0, 0 |
Ry |200 | Udxis (100
Rw 200 | Wibds (010 |
[ Help ] [ K ] [ Apply ] [ Cancel ]

Wave Computation Technologies, Inc.
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Solids — Cones
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m Cones are defined by specifying height, top and bottom radius
m User also needs to specify the bottom center and Z-Axis to position

the cone

Cone Creation

Mame |B|:u:|yI:II:IEu

X)

| Material | LarentzMat1

b | Mesh

Transparency
0 i 100
vy
[JuseLcs
Bottorn Center ||:|J a,0 | Bottomn Radius |1|:||:| |
7 fixis ||:|, 0, 1| | Top Radius |n |
Height |4n|:| |

Cancel

Aug. 30, 2012 Wave Computation Technologies, Inc.
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Solids — Elliptical Cylinders

Technologies
m Elliptical cylinder is defined by specify the inner and outer radius
m  Change Ru and Rv of inner and outer radius to create elliptical shapes

Elliptical Cylinder Editor

- Mame |Body007 | Material |.ﬁ.ir V| [ Mesh ]
‘ Transparency
] ] 100
- J
- Outer Radius ] Circular
Height 400
Ry |200 |
R |2EIEI | Coordinates
‘¢’ ¢
’ Crigin |DJ 0,0 |
Inner Radius [ circular
ru 100 | Udxis (100 |
P 100 | Waods 010] |
[ Help ] [ Ik ] [ Apply ] [ Cancel ]
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Solids — Torus

Technologies

m Torus is simply defined by giving main and sub radius

3

Tiorus Creation

Marre |B|:u:IyIIIIIIS | Material |LnrentzMat1 b | [ Mesh ]
Transparency
0 0 100

v

[JuseLcs
Certer ||:|J a,0 | Main Radius |2|:||:| |
7 fxis ||:| 01 | sub Radius |1|:u:| |

Aug. 30, 2012 Wave Computation Technologies, Inc. 36
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Solids — Polygon Cylinders

fomputation
m User can create polygon e e
cylinders by drawing the - :
polygon curve and the : :
cylinder will be created based G

on the defined curve

Geomekry

Coordinakes System

LCS Qrign (0, 0,0 Uaxis (100 Waxis (010

Cvlinder Height
" 400

Wertexes

(v 2

4 40 50

5 2080

b 00

7T -1090

8 -30 70

9 -40 50

10 -10 20

11 -3010

12 [ |

s v
[ Load... ] [ Clear Yertexes ]
[ IMore Yertexes ] [ ‘erify Polygon ]
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Solids — Archimedean Spirals (1)

m User can create
Archimedean spirals by
specifying start/end radius,
height and number of turns

m  The wire shape of the
spirals can also be
changed as circle or
rectangle

= Modify these parameters
will create various spiral
shapes

Archimedean Spiral Editor

General

Mame |Body010

0
Transparency J

Geamekry

Coordinates System

LZS Origin |0, 0, 0

Parameters

Start Radius (S0

Height 1

Cross-Seckion

(#)Circle  Radius 10|

Material | Air

I axis (100

End Radius

Mumber of Turns

() Rectangle  Wwidth

200

10

W

Wave
Computation
Technologies

100

Woaxis (010

Height

Cancel

Aug. 30, 2012 Wave Computation Technologies, Inc.
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Solids — Toroidal Spirals

fechnologies
m User can create toroidal spirals REgrERTTENT,
by specifying start/end radius,

. 5 |
height and number of turns o
= The wire shape of the spirals Name |Body011 aterial |ar v
can also be changed as circle
or rectangle 0 0 100

Transparency J

Geomekry

Coordinates Swskem

LCS Origin |0, 0, 0 Udxis (100 W fxis (010
Pararmeters
Main Radius |1 Sub Radius 0.2 Mumber of Turns |3
Ernd Angle (deqree) |360 Initial Phase (degree) |0

Cross-Seckion

(%) Circle  Radius |0.05 {JRectangle  wWidth Height

Aug. 30, 2012 Wave Computation Technologies, Inc. 40
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Solids — Bondwires

Technologies

Spline Bond Wire Editor,

— &

Marne |BDE|FEIH | Material | V| [ Mesh
Transparency
] 1] 100
ﬂ
v
Path Wire Cross Seckion
(x0,y0,20)  |11.1868, 4.45052, | @Cirdle  Radius  [0.01
(xlyl2l) 670817, 1.25222, | Osquare width | |
Height ||:|- 15 | Terminal Shape

Start ) Original (%) Round
L1 0.1 |

End () original  (*) Round

Height Direction |Eh 0,0 |

Aug. 30, 2012 Wave Computation Technologies, Inc. 41
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Solids — Sweeping Faces

29
o

=3
S5
=
L
.o

o -

m To create body by
sweeping faces

m User has to first define
the parent face

m Then define the curve
that will be used as the
sweeping path

m Then click button “Create
body by sweeping face
along curves”

Wl I DH S
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Solids — Lofting
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D B
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Operations — Union, Subtract, Intersect, Disassemble

{ (B[S

¢

Union
Disassemble Subtract Intersect

Aug. 30, 2012 Wave Computation Technologies, Inc. 44
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Operations — Array Copy, Mirror, Rotate

A Mirror

Aug. 30, 2012 Wave Computation Technologies, Inc. 45
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Operations — Scale

Scale arigin

(%) User defined point in GCS |III, o, 0

() User defined paint in LCS |I:I.||:I.II:I

) Individual body centroid

) Individual body bounding boe center

Scale Fackor

[ ]Uniform Scale in all Directions

N
Advance

Keep Original Mame |5IZIIIIS |

[ o ] [ concel

Aug. 30, 2012
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Result Exploration

Computation
Technologies

m  Snhapshots m 2D Curves
Face Observers
= EM Field on Face Cut " E(l)vlmfpi)eolggr?tgd s X, Y, Z
= EM Field on Object Surface Lumped Ports and Wave Ports
= EM Current on Object Surface s S-Parameters
Volume m Impedance
= EM Eield on Volume m Incident current and voltage
. £V Fiedon Obec L o g
m [ar Field Circuits
3D view of far field pattern = Voltage at all nodes
Bi-Static RCS at multple " Circut terminal surrent and
frequencies and different theta voltage
and phi planes All above listed items support
Wideband RCS at multiple lr:)éjstﬂlttganyent and speciral
locations

Aug. 30, 2012 Wave Computation Technologies, Inc. 47
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Snapshots Defined on Face

= Snapshots

= Face Snapshot
Facesnapshot1
Surface E Current
FacesSnapshot3

= l':lﬁ] Body Snapshok
{ﬂ BodySnapshokl
I'F.Jﬁ] BodySnapshokZ

Computation
Technologies

Create Face Snapshot ['5_(|

Mame |FaceSnapsth4 | Mormal

Plane Location  {m)

Lower Carner (x, ¥, 2] |-EI.E~ 0-0.6 |

Higher Corner (x, v, 2 |I:I.6 no.e |

Display Components m Can be defined on both face cut and
M My ez object surface

[ [ty (ke m User can select the field components (EX,

Ey, Ez, Hx, Hy, Hz) to display

(o] [

Aug. 30, 2012 Wave Computation Technologies, Inc. 48
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Snapshots — Face Field and Current

m Left:

X component of the E field defined on XoZ plane

m Middle: Electric current J defined on sphere surface

m  Right:

Aug. 30, 2012

Total electric field defined on sphere surface

Wave Computation Technologies, Inc.

W

Wave
Computation
Technologies
=4 1l Results
1l Excitation
11l Observers
[=-[F Snapshots
= Transient
[ Selected Snapshaots
[ Al Snapshots
[ Facesnapshotl
[l surface E Current
[ FaceSnapshoks

[ BodySnapshatl
[ BodySnapshokz
[ Frequency
.| Far Fields

49



Snapshots Defined over Volume

=-Fi Snapshaots

= Face Snapshot
Facesnapshot1
Surface E Current
FacesSnapshot3

= l':lﬁ] Body Snapshok
{ﬂ BodySnapshokl
I'F.Jﬁ] BodySnapshokZ

Edit Body Snapshot [zl

Mame in:u:l'-.-'E-na ishiokl | ’ Mesh ]

Wolume Location  {m)

Lower Corner (x, 4, 2) |-III.|5J -0.6, -0.6 |

Higher Corner (x, v, 2) |III.E-J 0.6, 0.6 |

Display Components

[w]Ex [+]Ey [+]Ez
[]Hx [y [#]Hz

W

Wave
Computation
Technologies

Can be defined on both computational
domain and object volume

User can select the field components (EX,
Ey, Ez, Hx, Hy, Hz) to display

Aug. 30, 2012 Wave Computation Technologies, Inc. 50



Snapshots — Volume Field

m Left:
m  Right:

Aug. 30, 2012

Total E and H field defined over the entire domain
Total E and H field defined within the shpere

Wave Computation Technologies, Inc.
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=4 1l Results
--| 1l Excitation
#-111] Ohservers
- Snapshots
=B Transient
----- [ Selected Snapshots
----- [ All Snapshots
Facesnapshok1
Surface E Current
Facesnapshot3
----- [Cd BodySnapshaokl
----- [ BodySnapshotz
----- [Fd Freguency
[+~ Far Fields
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Far Fields — 3D Pattern

[=l- | Far Fields
. Wideband_Rcsi
= FarField {1GHz)
| 4! Theta Plane (Phi:0)

RCS (1GHz)

| 4/ Theta Plane (Phi:45) / '
| 4/ Phi Plane {Theta: 90
| ‘Wideband_Rcsz

o Wideband _Rcs3 ,x/

. Wideband_Rcs4
= FarField {0.5GHz)
| 4/ Theta Plane {Phi:0) RCS (0.5GH2)

m  Simply specify the frequency
and the Bi-Static RCS will be
automatically calculated after
simulation

m The 3D far field pattern can be
displayed

m  RCS on phi/ theta planes can
also be calculated

m  Wideband RCS at given location X
can also be calculated

Aug. 30, 2012 Wave Computation Technologies, Inc.
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-231
(Unit. dBsw

-207

-261
(Unit: dBsn
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RCS (dBsm)

E field (v/m)

20

10

L}

o

0.0010

0.0005

0.0000

-0.0005

-0,0010

-0.0015

-0.0020

Far Fields — RCS

RCS ThetaPlane [Phi: 0] at Freq = 1GHz

— Cigma

-150 -100 -850 [t} S0 100 150
Theta (degree)

Wideband RCS (180,0)

e Widebiand_ResZ Etheta transient

3.40e-007 3.50e-007 3.60e-007
Time (51

RCS (dBsm)

E field (v/m)

-5t

-85

5.6

5.7

5.8

5.9

-6.0

6.1

6.2

6.3

0.0015

0.0010

0.0005

0.0000

-0.0005

-0,0010

RCS PhiPlane [Theta:  90) at Freq = 1GHz

— i

-0 50 100 150 200 250 300 350
Phi (degree)

RCS at single frequency

Wideband RCS (90,90)

e Widebiand_Rics4 Ephi transient

3.40e-007 3.50e-007 3.60e-007
Time (51

RCS (dBism)

Sigma (sm)

o
&

20

=

@

o7

0e

05

o
s

0.z

o1

-0.0

\4
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RCS ThetaPlane [Phi: 0] at Freq = 0.5GHz
—Sigma
-150 -100 -50 o =0 100 150

Theta (degree)

Wideband RCS [90,0)

100 200 300 400 s00 600 700 a0o Q00 1000
Fred. (MHz)

Transient far field and wideband RCS
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Curves — Observers

Be+003 — Cbservers_{1)
—_—h 2
=1l Results 524003 o)
il Excication e
=1l Observers
Transient Je4003
=l m Xyz components of E/H
1l Ex . _ 2e+003
1l Ev flelds g 1e+003
ol E2 m Transient signals and ¥ o
1=
1l Hx 9
il Hy their spectrums
1l Hz -Ze-+003
=1l Spectrum (Normalized) i
-3+
11l Magnitude
| II Phase et 0@ 02 04 06 0E 10 12 14 16 18 20 2z 24
11l Real Part Time (ns)
il Imag. Part
Observer Ez spectrum
Observer Ez spectrum
w— Cbservers_{1)
150 — Cbseryvers_(2)
— Observers_[3)
50 — Chservers_{4)
100 w— Cbservers_(5)
40 [
50 e
-
A )
L =0
= = 5
10 -100
P
-0 -150 /7‘7"“'—%

-0 S00 1000 1500 2000 2500 3000 3500 4000 4500 5000

-0 S00 1000 1500 2000 2500 3000 3500 4000 4500 5000 Freauency (MHz)

Freguency (MHZ)
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C u rveS - L u m p ed P O rtS - Total Current of Lumped Port

—_1
=1l Lumped Ports o1
=11l 5-Parameters
£l Maanitude g S_pgrameters
+-1.1l Phase -
#1111l Real Part m Inputimpedance
+-g 1l Imag. Part . S 0w
2 4l Impedance m Incident, scattered, total
+-g gl Icident volkage voItage/current -0.05
+ gl Icident current .
240l scattersd vokage. ™ BOth transient and
+ 11l Scattered current spectrum
-0.0 0.2 0.4 0.6 0.s 1.0 1.2 1.4 1.6 1.5 2.0 2.2 z.4
+-4 gl Total voltage i (he)
+-g.gl Total current
S-Parameter Input Impedance of Lumped Port
o [=11)
—_— T, ++++ 1 Imag. Part
| Real Part
S0
5
40
— €
g S a0
E;‘ % 20
= E
-15 -
10
20 -0
-0 S00 1000 1500 2000 2500 3000 3500 4000 4500 S000 -0 S00 1000 1500 2000 2500 3000 3500 4000 4500 S000
Freguency (MHZ) Freguency (MHZ)
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Curves — Circuits

=g 4l Circuits
=14l SPICE Circuits
=44l Yoltages
=gl Transient
il &l
gl Circuitl Wiparkl)
il Circuitl 1)
gl Circuitl (=)
il Circuitl W4
11l Spectrum (Mormalized)
1l Currents
11l Resistars
gl Inductars
11l Capcitars

Circuit voltage

]

s Cipcuitl W13
— ipCLitl WS
s CipcLUiEL_W(4)
w— Cipcuitl _Wiportl)

Yoltage (V)
L =}
]
[

'
2

-0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0
Time (ns)

Aug. 30, 2012

4.5 5.0 5.5

Wave Computation Technologies, Inc.

All node voltages and
branch currents of the
circuit components will be
calculated and displayed

Both transient signals and
their spectrum are
calculated

Circuit current

W

Wave
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Technologies

e ircuit] _I{port1}
w—jrc0it]_tbranch

Currert (%)
p p o o o =
o o]
- 3 =] ] * &

=
=]
&

-0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5
Time (ns)
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Curves — Additional Operations

Ex (Wim)

Aug. 30, 2012

Legend

Line color

Line style

Line width

dB format

Import or export curves
Zoom in/out

Save curve to images

Observer Ex transient

++++ task legend 1
= = tast legend 2
=+ =task logend 3
-+—— tast legend 4

~ » - task legend 5

Drawing Setting

Display Property

Legend

bservers_(1)

Color |Line 5trle|\'ﬂidth |5huw
1 Yes

Ohservers_(2)
Ohservers_(3)
Ohservers_(4)
Ohservers_(5)

| ke | LR

1
1
1
1

Yes
Yes
Yes

Yes

o

‘V

Wave
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X)

Show all

Hide: Al

Apply

]

Cancel

i 1 b

-0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Time (ns)

2.0 2.2 .4
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Additional Features
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Parametric Analysis

Simulation Manager

Result Comparison

Pause and Resume

Project Backup

Multi-Threading

Design Template

Hybrid Explicit-Implicit Solvers
Hybrid FDTD-SETD-FETD Solvers

Wave Computation Technologies, Inc.
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Parametric
Analysis

Edit Select Parametric Results

Magnitude (dB)

-15

=20

=25

30

Source | Observer | Lumped Port |Wave Port || Spice € *

S-Parameter

W

Wave
Computation

Tools  Help

Simulation

e e -;
/

¥

Technologies

Skark Simulakion

Select Solver
Simulation Opkions
Multiple Threads
Define Farfield

v Cbserver spectrum

Howa ko define Mulki-Damain »
rLlki-Domain by Grid

Edit Parametric Analysis

11 12 13 14 15 16 17 18

Frecuency (GHz)

Edit Parameter, Sweeping

v Skip clash test before simulation

3

]S Parameter List of Parameter Sweeping Edit a variable parameter
impedance
Incident Yaoltage Marme From To Times Marne |:| choose
|:|Transient |:|Spectrurn dx 10 13 4
16 .
Incidert Current From |14 | To |15 | Times
|:| Transienk |:| Spectrurm
Add [ Delete ] [ Modify ]
Scattered Volkage
|:| Transienk |:| Speckrurm
Edit a sequential excitation
Scattered Current
[A1ransient  []Spectrum Mew Delete Modify
[ Al ] [ Mone ]
o | (o] (o]
Wave Computation Technologies, Inc. 59
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Simulation Task Editor E

Task.

File |C:'l,u:ygwin'l,'-.-'-.-'CT_S'-.-'N'l,'-.-'-.-'nBenn:hmark'l,.ﬁ.ntennas'l,Dipu:uIe'l,Dip-:uIe.wnt | B

Simulation Manager |
Solver Tvpe |.ﬁ.ut|:| V| Intermediate Result

Simulation Thread Ma, [ Result Comparisan ]

& Wavenology EM Simulation Manager

File Help
EBE + X ¥OK Fo wsn P +§ 2
Project Mame Solver | ThreadMo.  Ink. Rest. State Info

1 CoyguindwiCT_SriwWinBenchmark)antennas|\Dipole\Dipole wnt Auko 1 Disable W ait

2 Caoyguind WCT_SYRYWnBenchmark) Antennast Jak-antenna_LPYJAK-Ante...  Auko 1 Disable W ait

3 CHoygwin WO T _SYMiWnBenchmarkl antennasi B 1 WPy WEL WP wnk Auto 1 Dizable Wy ait

4 Choyguin WO T _SYMisnBenchmark) DispersiveiLorentzSphereiLorentzSp...  Auko 1 Disable Wy ait:

5 Choyguind Wi TS winBenchmark)Dispersive\Debyesphere\Debyesphe.,.  Auto 1 Disable W ait

Log
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Result Comparison
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Result Comparison Setting

Observers |Lumpeu:| Ports | Wave Ports | Spice Ckt. || Resistor || Inductor | Capacitor | Diode || FarFields || Sources

Data Type Comp, | Obw, Mame Ref, File Curve Mame | Tal (%)
= Transient e
=] Ex
I Chservers_(1) kCamp.kxk 0.1
Observers_(2) 0.1
Chservers_(3) 0.1
Observers_(4) 0.1 I
Chservers_(5) 0.1
Ey
Ez
Hee M
< | 5
T-:nlerenl:e[ Set Selected ] | {%]I[ Set all ] Name| |

Apply

Cancel

]
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