EMPIRE XPU Tutorial

Multi-layer Inductor




Overview: Topics

. 3D geometry import (STL)
. Lumped port
. Loss calculation

. Equations

Comments: Here, we import a 3D STL geometry
file ml-spiral.stl. This file is available in the z

subfolder data. !

—
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Step 1: Import Data

. Start Empire XPU, Press “New Project’, save in
new folder , e.qg. tutorial4

. Switch to “2D Design” Tab
. Import Structure

. File = Import > “3D Solids”
- “Import STL”

4 Select mI'SpIraI .Stl File Edit View Selection Utilities Help

0 New Project Cerl+N

Simulation
Cerl+0

; , n
. Press Import, OK | ® RecentlyUse ;
STL Import Ctrl+s E | . p
: a O G
_ 9 Save As Cerl+shift+s
-+ Orig. Name Type Physical Property = )
8, Store Variant
mi-spiral ml-spiral.stl STL conductor

Save Default Editor Options
001 conductor

d Default Editor Options
Default Editor Options
& Print Cerl+P

- Al E Empire
o Export EDA
Run Script 2D Layout
Rel xternal Scripk 3C Import ACIS

& License Projects
Data

® Exit Empire Ctrl+Q
Advanced

Options

Object Unikt: Unknown

Simplify Objects: Off

Wire Radi )i OFf

Cancel
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Step 1: Import Data

Open “Groups” List
Delete group #001

Open group “ml-spiral”

Press “Change Property”
Select Database - Metal —

Set property to Gold

File Edit View

Exit with OK

1 ml-spiral
Height: z=0..
B cond
» Components (1)
» Mesh Info (Cells: 0.0)
ield Monitors
Variables

2 Hide

w Material Property

Dielectric

Conducte

Absorber

* Advanced

Advanced Material
Debye Material
Drude/Plasma Material

~ Material Scripts

Drude/Plasma Script
Circuit Property
Thermal Pror
mesh Property
Advanced Property

Set Active

Show Only
oom to Group's Obj
Select Group's Obj
Add Group
Clone Groups
£
Change Color
Change Fill Color
Fill Style
idth

olygon

ibrary Object
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General - Info

Name

b Alloy
Aluminum
Copper

Copper
|

Graphite
Iron

Lead
Magnesium

Tankalum
Tin
Titanium
Tungsten
Zinc

Conductivity (AfV/m)

3.800e+07
2.500e+07
7.600e+06
1.000e+07
5.800e+07
1.0000e+05
1.030e+07
4.8000e+06
2 Oe+07
1.0400e+06
1.0000e+06
1.450e+07

9.300e+06
6.1000e+07
7.610e+06
T0e+06
1.820e+06
1.820e+07
1.670e+07

Thermal Conductivity

v Advanced

Cancel




Step 2. Substrate Definition

. Switch to the “Top View” m

. Select “Groups” = “Create Group”

. Adjust group Definition:

. group height: Start: 0 and End: 2100

. Change Property from conductor to
Dielectric: “Rel. Permittivity’= 6.0, OK

. Change group name “#001” to “substrgte”

Property Editor - Dielectric

A
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v (O [ = Groups
~ ® [ ' | [ ml-spiral (conductor)
apr Height: z=0...1000
B Gold (conductor)
P Components (1)

it ‘In | L substrate (octive) (dielectric)
|:-,- Height: z=0...2188
=]
*# Mesh Info (Cells: 0.0)
Field Monitors
Variables

Comments: Default priority number of a dielectric
is 100. So the substrate can be simply defined as

a brick (box).

A

1
M
S
T



Step 2: Substrate Definition

. Draw substrate:

2D Results
. Select Icon Create Box
«  Point 0: x=0, y=0 I BESURNIIY |
. Point 1. x= 4050, y= 3600 cox Editor o
. Press OK e
. Close group Name: BOX 1

Group: substrake (Dielectric (dielectric)) -

Assign Height Custom ® From Group

Point 1

Paint 2

Cancel
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Step 3: Port Definition

v!". +

1 - Groups
ol

L ml-spiral (conductor)

s Height: z=€
B Gold (conductor)

. Create a new group “port”

. Set height to 1200 to 1210

. Select “Create Source” 2 Lumped - “In-Plane Port”

» Components (1)

* 8 ‘Ia || | substrate (dielectric)
apr Height: z=0...21080
B Dielectric (dielectric)

} Components (1)

> o H =

1 port (active,

. Enter Start Coordinates (0,1800,1200), Direction: X, [ Teiie 2.l

length =106.25

. Press Parameters

. Press “OK”

Library Editor - GANLIB

Port Parameters
Width of Port

Port Number

Advanced Parameters

Internal Pert Impedance R= 50

0
=0
1
1
1

Excitation Function = default

Automesh Parameters
Bounding

Bounding Box length oversize

Help ¥ Advanced Cancel
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QTEM Ports

In-Plane Port

0

General
Name:
Group:
Plane:

Direction:

Base Point

Lumped Planar

B conductor
» Mesh Info (Cells: 0.0)
Field Monitors
Variables

Create Library Editor

Coupled Planar Coax Waveguide Volume

Circuit 2D Results

ko & l " isplay Clear Create
’ ’ G o Wk B
PO

Wire Port

® <

Perpendicular Port

In-Plane Port Editor o

GAMLIB 1
. port {conductor)
Xy + 100

X + | 106.25 —
Edit Settings

X ¥ 4

]



Step 4: Simulation Setup

Simulation Setup

General | EM Setup Mesh  Boundary

General

Drawing Unit 1
EM

. Select Icon Simulation Setup

Inductor (n<20)

Air

«  Set Structure Type: “Inductor (n<20)”

. Set End frequency and Target Frequency to “1 GHz”

v Advanced Cancel

. Set Loss Calculation—> Conductors: “wide band lossy”

Simulation Setup o

General Mesh Boundary

. Set Mesh Resolution: “Coarse (10/3)”
- | Set Boundary Conditions: All “Electric” T iy
Number of Frequencies 1000 - :: -

. Press “Simulation”

Order:

Loss Calculation
Di trics lossless.
Conductors wide band lossy

Simulation Setup (x]

eral /

e values are

General  EM Setup Boundary

General Mesh Mode User Defined Simulation Box ) e Cancel
x  auto xmin
y  auto xmax

tal sheets | thin z  auto

Curved Geom: yes
Mesh Hint

d Options x  off
More Lines between Edges
v Flat Metal Edge c i - [

Object Scan Angle (D

Relative Limit for Warning 0.001

Algorithm Object Scan ~

Help ¥ Advanced Cancel

time steps to a large value because the pulse

Comments: The “Inductor (n<20)” sets the number of
8 09.12.19 © IMST GmbH - All rights reserved response is quite long for inductances. ‘ fa
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Step 5: Results 1

«  Go to the 2D Results tab = e

. Voltage Tab ‘
. Right-click “ut 1 1” in legend L,

. Select “show only”

. Add a new result plot, select

L I 2 N 5 ' [ 3, o QF r, g *';'?.\ H I 0 '-+1:,?: W . LI TURY TR N
1 [« Impedance B ASCOPaametess
20
15
Time (ns)
g
=
o
S
o
o
@
a
E
[}

400 600
Frequency (MHz)

— : 1
S
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Step 5: Results 1

. Impedance Tab

. Right-click inside the plot
choose - Configure Plot, enter range

. From O to 500 MHz for the x-axis
. From O to 0.45 kOhm for the y-axis,

press OK

0.45

General / Axis
X-Axis
Label:
Range:
Log. x-axis

Unit Prefix:

Ticks (major):
Ticks (minor):
Y-Axis

Label:

Impedance in kO

0.10 4

Range:
Unit Prefix:
Ticks (major):

Ticks (minor):

Axis

Help

T T
o] 100 200

T
300

Label Fontsize:

Plot Configuration

Legend

Frequency in MHz

0 * - 500 -~ | MHz

Automatic
Automatic

Automatic

Impedance in kO
0 v |- 045 = kO
Automatic
Automatic

Automatic

Grid

Grid Fontsize:

Layout

Layout Padding:

Apply

Frequency in MHz

e ——
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e
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Solid

OFff

2.00

Cancel
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Step 6. Postprocessing

Switch to Simulation Tab

P

Click “Simulation Config”

A

In “EM Setup” set “Stop {
Frequency” to 0.5 GHz

Switch to “Equations” tab

Right click on “sub-1" Add &=

™ wB

~ Simulation
L Postproc (Finished)

Equation - “Symbolic
Equation” k

Select Template:
Inductivity — ZL= ..., OK

Right click on “sub-1" Add
Equation - “Symbolic
Equation”

Select Template: Q-
Factor — ZQ= ..., OK
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roject Satup
[j s 4 ‘!,_. "3 Simulation Config jf Host Setup

LM draft_002 / sub-1 (Fini...
Parameter Sweep Setup
Optimization Setup

mulation Config 3 f Host Setup + Create Parameter Sweep

Optimization Setup

3D Design Simulation Circuit 2D Results

Sim Dir Status Notes
* ¥ draft_002

L v sub-1

3D Design Simulation Circuit 2D Results
Actions

leanup V-Opt Data j Close Idle j} Kill All

Comments: The expressions for the inductance and quality factor is
often needed and therefore available in the equation templates.

A

3D K

Start Complete Simulation ) Pre-Processing :; Start Simulation ’ Post-Processing

1
M
S
T
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Step 7. Results 2

. Click “Post-Processing”

. Visualization 2D:
. Q Factor:
« Switch to ,2D Results”
» Plot Type to ,,Custom Curve”
« Show only “ZQ R(ZQ)”
(right click on name, select Show Only)
« Select Autoscale &

. Inductance:

« Show only “Re(ZL)”
e Select Autoscale [
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