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Agenda

Introduction: Why use Empire XPU?
Basics: Using Empire (LIVE)

Some RFIC examples (LIVE)
Overview of App Notes



RFIC EM Simulatiodhallenges

Combinationof layered2D design and 3Blements
Layoutcomplexity¢ manyobjects

Flipchip/  mems wLp
Discrete .
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Why use Empire XPU?

Efficientmodelling. User interface with 2D and 3D editor mode
ideal for layered structures with additional 3D elements

Objects grouped bylayers'
that provide zposition,materials priorities, layerspecificmeshsettingsand much
more.

XPU FDTBolvercanhandleverylarge,complexmodels
Much faster than other time domainsolversby usingXPUechnology

Highsimulation speedenablesmore detailed, more accuratemodels



Edityour modelin 2D and 3D

V 2D Design mode, optimized for mdlbiyered circuits and components,
with full-featured 2D import & export capabilities

3D Design mode for general 3D structures with snap on grid and object surfaces
Easily switclbetween2D editor and 3Deditor at anytime
Import existing models from CST & HFSS
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Build your modelfaster with Templates

V  Templates for IHP technologies + layout from GDSII
V  Templatecanalsopresetmeshsettingsandlossmodel per layer

B
Action

New Project | Open Project | Open Selection | Quit |Help

General Settings
General——————————— rFrequency ——m

Drawing Unit——+—————— End Frequency-
[

20 GHz

Background Material———— Target Frequency————— Conduct
Vacuum ’V 10 GHz

lossless

Selection

[=] Templat Template: THP SG13
& Wave Gui
on Lines

Antennas
ilters
Thermal

Environments
X Switches

_| Add micro!

[*] Examples
Tutorial guides
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Layers Muchmore than just layers

V Layerfrom template canprovide

He Metal5_SG13_67 y .. .
U defaultz-position andthickness
o i materialproperties
HE TopMetal2_SG13_134 U prlorlty
@ — |/ z=385...388 . e
B & 8/ conductor TopMetalz_SG13 u Iayerspemﬁcmeshcontrol
B" & B meshhint
; agje! :
|—,-,-—L| TopVia2_SG13_133 V Layervaluesare defaultfor objectson
BE 1opvia1_sc13_125 that layer Youcanoverridevaluesif
- (—
- needed

Ey

Via4_SG13_66

V' Priority defineswhichobject"wins'
for overlappinggeometries.
Example: LBE hole snbstrate
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240 GHANtennain SG133vith BacksideEtching

V Original desigy IHPauthors K. Schmalz, VRRuoyy J. Borngraber, W. Debski, W.
Winkler , andC.Meliank G Hnp t@dshittefwihDnEgratedantennaand
SEGSNYyIFt t[[Z¢ X3 L999 La{ZX HnAnmoX LILX

245.000 Gz
+6.30 dBi
+3.30 dei
+0.30 dBi
-2.70 dBi
=5.70 dBi
-8.70 dBi

=11.70 dBi

=14.70 dBi
=17.70 dBi
=20.70 dBi
=-23.70 dBi

http://muehlhaus.com/support/empireappnotes/empireon-chip-antenna240ghz
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240 GHAnNtenna

Ei Sirnulation Setup x
EM Options | Thermal |

General Fregquency Boundary Conditions
Drawing Unit Start Frequency e

dun * 200 GHz > Absorbing 6 (= 40 dB,add space) ¥

Solvers End Frequency Xmax

300 Gz + W[ ~bsorbing 6 (> 40 dB,add space) s

Structure Type Target Frequency ymin

Antenna hd 245 GHz Y Absorbing 6 (> 40 dB,add space) >

Mesh Resolution ymax

Medium (15/4) L e Absorbing 6 (> 40 dB,add space) v

Background Material : zZmin

Conductors Electric v
i ¥ Zmax
Port Setup wide band lossy ¥

Absorbing 6 (= 40 dB,add space) 2

Simulation Mode

Sequential Excitation 2

Close |Help




240 GHANtenna- Mesh

(#

127.153 MBytes

Simulation finished Thu Apr 19 14:88:39 2018

I *  Geometry: 192x182x59
I * Size : 208x184x68 = 2.208 MCells
E *  Number of Objects: 187
kL
| *  Memory Estimation
= Main Field 50.537 MBytes
* Overhead 41.851 MBytes
£
* Boundaries 12.393 MBytes
= nf2ff  Storage 13.873 MBytes
* pga Storage 9.299 MBytes (during setup)
kL
kL
kL
£
£
£
£

Simulation time 82:42

n= 54
z: min = 0.400
max = 53.580|




240 GHantennac Simulation Results

Simulation with 200um substrate = 220um total chip thicknes
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