EMPIRE XPU Tutorial
3D Design - Reflector with Feed




Overview: Topics

. Parabolic dish

. Waveguide port
. Support post

. Far field

. Near field
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Step 1. Set Simulation Parameters

. Start EMPIRE XPU from Desktop B3 Project Wizard

. Select “New Project” tab BN  Open Project e Templates Tutorials
General

® Set “StI’UCtU re Type” - Wavegl.“de Structure Type: Waveguide Antenna

Ante nNa Solvers: =

Drawing Unit: 1

. Set ,Drawing Unit® = 1mm ==

Freguency

. Set “Stop frequency” = 25 GHz, -
“Target frequency” = 20 GHZ, Target Freguency: 20
° Click OK Loss Calculation
Dielectrics:
. Save project in a new folder Conductors:
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IAC - . Groups

‘ p Lo i IILj |"--._'-|' L_.'f'.".l"'i‘_:-'_,.-l

g (conductor)

. Right click on “#001”, Edit Name: “reflector”

. Click ,Create Library Object®, select ,3D Surface” Tab,
click ,Parabolic Dish*

) Wire 2D Extruded  Coax  MSLPlnar  CPW Pl SMD  Substructure ayout U

w nar Sl S
,h=f =
h A
‘\O. P1
PO PO PO
Pyramidal Hom Circular Horn Parabolic Dish Triangle

. Center Point: Move cursor to origin 0,0,0, left click

FO

. Radius : r=75 (zoom out, move cursor —x to snap even
coordinates)

. Focal distance: dw=100 (zoom out, move cursor +z)

. Click ,Edit Settings® = (B obecttarr 1 x
. . . General
. Set horizontal resolution vres=1, Thickness t=1,
Group: reflector (conductor) ' Edit Settings
¢ OK, Zoom EXtentS Assign Height ® Custom From Group

Height: z > 0

Display

COrigin

Comment:
* Use ,Wheel backward“to zoom out and 1 to pan to access value with cursor
The point defines the center and the height specifies the focus of the dish Cancel
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Step 3: Define Waveguide Port

IR + Groups

i | 4 reflector
s (conductor) Coordinate System: World (xyz)
‘In || L port (active) Grid: 'z ~ 100
‘'conductar)
B { con¢ - Cursor: + Stay on Grid

Active Group: port

. Create new group
. Rename to “port”, change color

. Set Grid “z=100"
. Enable ,Stay on Grid“ snap mode

. Open editor options =
. Tab 3D Design: Set Snap resolution to

[i‘, Editor Options

O 5 Unlts“ 2D Design 2D Design Advanced 3D Design 3D Design Advan
L . eneral
«  Close window y
Backaround Color Il =fofofo ~ Color
. . . Pixel Tolerance 10
. Switch to top view ' , Zoom in S— =

Tripod 10 Screen %)

Min. Mormal Angle for Wireframe 45

Max. Nurmmber of Handles 1000

Comment: The stay on grid snap mode forces snap points to be always on the grid (and not on objects below / above the grid)

|
S
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Step 4: Define Waveguide Port

. Click ‘Create Source’ , .

switch to “Waveguide” tab, select ‘Rectangular WG’ TSN Ira
. First Point: Click at x=-5, y=-2.5,2=100 \
. Second Point: Click at  x=+5,y=+2.5,z=100
. Rotate (e.g. drag right mouse to the top)
. Height (z-position)*: Click at z=120

. Click “Edit Settings”

. Verify width Width=10,
Height=5
Correct if needed
. Close window

. Switch to iso-z view, zoom extents

o Comment: *Use ,up“key 1 to access z=120 ’ 1\I/I
S
T

~
M
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Step 5: Support Post

-

+ Groups

> L I || | reflector

[conductor)
-[[':Drr;: e Coordinate System: World (xyz)
| -
- mm (conductor) Grid: x = 0
>3 - u[”c‘ﬁﬁjb S Cursor:  Stay on Grid
. Create new group = Selection: 1 Object / conductor

. Rename to “post”, change color
. Set Grid “x=0"
. Uncheck “Stay on grid”

. Click “Create Library Object”, Tab 3D Wire
. Select “3D N-Point”, zoom to port
. First Point:
Move cursor to 0,-3.5,120, left click 2x*
. Second Point:
Move cursor to 0, -75, 14.xxx, left click 2x
. Long left click to finish

| 1B L o - LIBRARY

. Click “Edit Settings”, set diameter d=2

Comment: 2x left click on same position to confirm height du =0

Plia
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Step 6: Far Field setup

. Click “Create Field Monitors”
. Create new EM Far Field - Boundary T —
. Click ,Add“ button

. Add Frequency points\for 15e9, 25e9

. Close with OK '\" *., '\"

. Open Field Monitors
. Set Display origin z=150

EM Field [FEMFEarField Em Field Probes  Thermal

Boundary Region External

* Field Monitors
- @ ﬂ FIELDMOM 1 (EM Farfield)

Comment: The defined display origin point
defines the origin of the 3D Farfield pattern
display
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Step 7. Mesh

. Click “Create Mesh”

. Click “Meshed 3D Structure”

to check the meshed model of
the reflector and feed*

Sop G Sk

ia @B @ o0 DU CleD L Rs ,)' 9, a7 o & 5 [nf ‘.a‘ OO el

. Click 3D Design to return
to regular view

Comment: * This switches to the 3D Display
mode
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Step 8: Near Field Setup

. Click “Create Field Monitor”

. Keep default frequency
. OK

. Open FIELDMON 2 (Planar EM Field)

. Double Click “Plane”
set plane to yz at x=0

Comments:
» The Near Field will be stored at the previously set target
frequency (step 1, 20 GHz).
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E Create Library Editor

EM Far Field EM Field Probes Thermal

Complete Volume Partial Volume

* Field Monitors
[ FIELDMOM 1 (EM Farfield)

bl FIELDMOM 2 (Planar EM Field)
Plane: yz, Height: 0.0




Step 9: Simulation

Click “Start Simulation”

Confirm OK

B Empi - C\Users\andreas.y mpire-templates\draft_

File Edit Utilities Help

2D Design 3D Design Simulation Circuit 2D Results
Project Actons
[j r 3,, Simulation Config jf Host Setup &5 stop f) kil £ cose
v Simulation Status
Parameter Sweep Setup State: Setup
Optimization Setup Remote: _
Time: 00:08
Steps:
Time to finish all Steps:
Performance:
‘Warnings:
Errors:

Energy Dec. (E/H):
Field Monitor Conv. Error:

Control
Max. Simulation Time: s -
Max. Number of Steps: 100 ksteps ~
Max. Energy Dec. (dB): 40 v

Post-Process Apply

T 019/ sub-t (Setup) (33%)

3D Results

Log Plot

python s -0 -u C:\EMPIRE~1.00\empire\newkern_2/nk.py +7375622d315c647
9296
=

This is the EMPIRE XPU V.00, Buid 18036 kernel (C) IMST GmbH 1998-2019

VD is C:\Users\andreas.wien\empire-templates\draft_01%\sub-1
ARGS are ['+7375622d315c64726166745f303139']
PID is 9296

Running in 64 bit Mode on Windows
Using GCC compiler

Dielectrics are simulated lossless
Conductors are simulated lossless

PGA
2d is switched on
3d is switched on

Simulation Starting Thu Oct 24 15:13:35 2019

CPU found 'INTEL(R) CORE(TM) I7-7700HQ CPU @ 2.80GHZ'
Assuming 2.500 MBytes L2/L3 Cache per Core

Using AVX+FMA3 vectorisation Extension in 1 cpu groups, 4 cores alitogether

Geometry wfo abc: 202x239%208
Geometry: 224x251x220

Sge : 240x252x221 = 13.366 MCells
Number of Objects: 44

Objects out of Area: 7

Parts out of Area: 0

Memory Estimation :
Main  Field 305.925 MBytes
Overhead 56.434 MBytes

Boundaries 51.574 MBytes

nf2ff Storage  25.636 MBytes

dumpbox Storage  2.300 MBytes

wg Storage  42.305 kBytes

pga Storage  59.948 MBytes (during setup)

501.859 MBytes

BOR R KK K KR K R R K K B K K R K K A K KR KK KRR KRR K KR K KR KKK H K KKK

I}, Start Simulation

Start a complete simulation?

Mote: This may overwrite already existing results!

Options

¥ Save Project

Use the simulation tab for more detailed simulation setups.

oK

Electric loss  setup: <first>-<vol>-<surf>-<line>—<conc>-<coeff>-<last>—<hst>-

* Magneticloss  setup: <first>-<vol>-<surf>—<lne>-<conc>-<coeff>-<last>—<last>-
i

* Electric material setup: <first: I urf

[ | PGA 2D ¥ (3%) savelog | Clearlog
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¥ Discretize

¥ Auto Mesh

Help




Step 10: TD monitor

I Covpire ¥9U 50 - £\ Urarshamhess ien emgire termplavesrsfe 2L e

20 Results

[T
Feld Monitor Conv, Error:

Energy vs. time

FIOTD Fnergy Convergence (4}

— convergence (€ Field}
— Convergance {H Field}

2500 5000 500 10000 12500 13000 7300
Timesteps
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Voltage vs. time

20 Results. 0 Results

g

eps:
Ve b e 3l Steps: 1

ateos =

3
B
H
2
£

Timesteps.
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Step 11: S-

. Switch to 2D Results

File Edit

2D Design

e & Format

Scattering Parameters

mat:  Log. Magnitude (dB)

Parameter

tab, right click for plot configuration

£ Plot Configuration
3D Results

General [ Axis | Legend

Label:

Range:

Marker  Masks
Type Sub Port
511 d 1 1

Scattering Parameters (dB)

Unit Pre
Ticks (rmaj

Ticks (minor)

Label:
Range:
Ticks (rmaj

Ticks (min

Cutoff-frequency
fe=co/(2w)

Automatic
Automatic

Automatic

Aul
Autormatic

Automatic

- Auto ¥

Grid Fo

Grid Style (Maj

Grid Style (Mi
Layc

Layout Padding:

Cancel

10
Solid

off

Apply

MPIRE XPU 8.0 (build 1!

wing 1 of 1 curves
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Step 12: Far Field

Create a new plot
. Plot Type: “Far Field”

. Select Format: “e() farfield
polar (dB)”

. Click in Type column to sort

. Select the top 6 curves,
right click and choose
‘Show only and autocolor’
This adds Eabs files for 15,
20, 25 GHz, for phi=0 and
for phi=90

= - ’ |

e —————— r M

‘ 1
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Step 13: Near Field

Switch to 3D Results
Switch off EM Farfield
Open Monitor 2: EM Planar EM Field
Select Parameters - 3D Plot Options
« Set Animation Loop : phase 15 deg
* Close window with OK
Click Start to display the animation
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Step 14: 3D Far Field

Turn off near field Monitor and turn on farfield Monitor 1

E empi

5\ \empire-templates\draft_022.emx
File Edit Utilities Help

2D Design 3D Design

EMPIRE XPU 8.0 (build 18052)
Simdaten 20 Results _
Sewp  Ganeral View

@ o o U Ux s (E b B Gl y @, O S A wkm '} £l |j.|

8 Reflector (conducta
B port (conductor)

I post (conductor)
Mesh Info (Cells: 10.3M)
Field Monitors
® B FIELDMON 1 (EM Farfield)
FIELDMON 2 (Planar EM Field)

Directivity (ci8i)
20 GH:

1z

Absolute
2543 dBi
22.10 dBi

18.76 dBi
15.43 dBi
12.10 dBi
8.76 dBi
5.43 dBi

2.10 dBi
-1.24 dBi
-4.57 dBi
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