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Introduction

I Background: 5G

I Why Ansys?
SubTHz Simulation

I Antenna Design

I Array Synthesis and Script
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I SubTHz Case
Multi-Physics

I Thermal Simulation
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Phase = Odeg I

Applied FSS on
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Background: 5G

A True 5G mobile network needs to
exploit Millimeter Wave Bands

A 5G mmWave Antenna is required on

both Base Station and user devices

Millimeter Small Cell Massive Beamforming  Full Duplex
Waves MIMO

CYBERNET R >Solve itwith CYBERNET IR




5G mmWave Communication

5G mm Wave pros and cons

Go around
Radiate in every obstacles

direction Wide bandwidttitultra high Big losdue to propagation,
\ capacity (multGbps) environment
Less interference due to penc Low penetration, mostly
(({- ) beam reflectedby obstacles (building
A carytneedLine of Sigh(Log

link
4G/5G Low Band

700 6000MHz  Reflected by Antenna design tips

Radiate in one ; L
obstacles % % Mm-Wave antenna must be highly directional to combat the

direction .
propagation loss at mrwave bands
‘7 5G mmWave
, 24 100MHz

Multiple antenna modules should be installed to extend

Higher power by the RF module
) coverage

5G NR 5G mm Wave requirements
24 GHz 100 GHz

High gain, high power RF exposure must be considered
Multiple antenna link budget & coverage must be

E 5G NR mmWave considered

CYBERNET Si3hhiss
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__Simulation Solutions for 5G Systems

e : HIGH BIT RATE SYSTEMS
N, PRE LAYOUT POWER INTEGRITY &  SIGNAL INTEGRITY |  RFIl, EMI/EMC, THERMAL INTEGRITY OPTICAL INTEGRITY
DESIGN RELIABILITY ANALYSIS ESD & DESIGN
RELIABILITY
END USER EQUIPMENT
MULTI BAND & MM ANTENNA SYSTEMS ‘ 5G STATISTICAL EXTERNAL EFFECTS & ELECTROTHERMAL & SYSTEM
WAVE ANTENNA PLACEMENT & ANALYSIS HUMAN BODY RELIABILITY MANAGEMENT| INTEGRATION
DESIGN INTEGRATION INTERACTION

EDGE PROCESSORS

PACKAGE AWARE SOC VALIDATION CHIP AWARE PACKASESTEM VALIDATION

POWER BUDGETING ‘ IP/CUSTOM VALIDATION

MICRGINFRASTRUCTURE & ELECTRICALLY LARGE COMMUNICATION ENVIRONM

i

i BASE STATION ANTENNA MICROCELL ARRAY MODELING SIMULATION  CONNECTIVITY & RF: MULTIPHYSICS & CHANNEL MODELING &

— ARRAY DESIGN INSTALLATION & ENVIRONMENT ANALYSIS ELECTROTHERMAL MODELING COMMUNICATION ANALYSIS
INTEGRATION

CrERNET RS Psotve itwith CYBERNET I




AEDT products

AnsysElectronicssolutionshelp you solvethe most critical aspectsof your product designsthrough simulation If you
work with antennas,RF,microwave,PCBpackage]Cdesignor evenan electromechanicatievice,we provide you with
industry gold standard simulators Ansyshelps you solve any electromagnetic,temperature, Sl, Pl, EMC, parasitics
cabling filter and vibration challengesn your designs We build on this with completeproduct simulation,allowingyou
to achievefirst passsuccesslesigninganairplane,car,cellphone laptop, inverter, wirelesscharger,or anyother system

Simulates 3D
electromagnetic fields to
design higkrequency,
high-speed electronic

components. Its FEM, IE,

asymptotic and hybrid
solvers address RF,
microwave, IC, PCB and
EMI problems.

CYBERNET as#it

Maxwell

Solves static, frequeney
domain and timevarying
electric fields. Maxwell is
an EM field low
frequency solver for
electric machines,
transformers, actuators
and other
electromechanical
devices.

Slwave

Solves power delivery
systems and higspeed
channels in electronic
devices. A specialized tool
for power integrity, signal
integrity and EMI analysis
of IC packages and PCBs.

Calculates the parasitic
parameter of frequency
dependent resistance,
inductance, capacitance,
and conductance (RLCG)
for electronic products.
Simulate and design
electronic packaging and
power electronic devices.

»Solve it with CYBERNET B

Predicts airflow,
temperature and heat
transfer in IC packages,

PCBs, electronic
assemblies/enclosures,

power electronicslcepakis
a CFD solver for electronics
thermal management.




SubTHz Simulation
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Challenge

Simulation Challenge

Surface Roughness
High Frequency Dkf

Simulation Key Factor ===

HFSS Roughness Setup

High Frequency Dkf

HFSS Mesh Fusion

3D Component Array
PyAEDand Python Script
Installed Antenna Performance

CYBERNET Eipkii

Ir
RMS Roughness

<>
RMS Angle Is
Zsurface
¥ v Roughness Factor: RF=L_rough/L_straight

Lrough ¢\ U\ | SR(RMS value)
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HammerstadJensen Model

Surface Roughness parametang) varied from 0.1um to 5um

Rsignalvs Freq

CYBERNET Eipkii

XY Plot 4

400.00

)hms)

Hammerstadparameter

Freq
(GHz)

BB

T T
1000 1250 1500
Freq [GHz]

T |
17550 2000
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HurayModel

Surface Roughness parameters
i Nodule Radius fixed at 0.5um
i HallHurayratio varied from 0.1 to 5

XY Plot4 Hur A

RsignaIVS Freq -

Setup1
hhr=05"

)

— Risig1,sigT

Setup1 - Sweep1

hhr=1

— Rsigl.sigT)

Setup1 - Swezp

h=15

— Rsig.sigl)
eept

1.00

a1, sig
Setup1 - Sweep1
hhr=2§'

— Risig.sigl)
Setup1 - Swezp1
hhr=3'

— Rsigl.sigl)
Setup1 - Sweep1
hhr=3.

0754 sig
ot
siat

w1 e
o
— R(sig1,sig1)
2 Seup1” Swespt
nhrss
ot
wp - Sweept
e

R

R(sig1 sigt) [Ohm]

HallHurayratio

— Rsigl.sigl)
Setup1 - Swezp1
hhe=7

— Rsiglsigl)
Setup 1 Swezp
hhr=75'

g — Risigtsigh)
025 et Setup - Sweept |,

Freq
(GHz) —8M8—

T
0bo 240 sho 7.50 10.00 250 15.00 1750 20,00
Freq[GHz]
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Creating Glass models

Fill
g Draw path
Warp : s
) 0 Sweep alon
Draw Yarn Y0 e .p g
. 7 1 *cos{ t)depth P () Iyl Ine
Cross-sections St 0
End _t bends*Zpi
Mumber of Points poirts

Duplicate
=, along line

Clip edges

Boolean subtract

Change phase
CrERNET RS > Solve itwith CYBERNET I




Parameterization

Fill and Warp Height

All
Dimensions of
cloth are
parameterized

CYBERNET B3

Mame Value
pitch 358
depth *_height=0. 1mil
bends &
points 40
¥_height 0.5
¥_width 4
¥_height 0.5
Y _width 7.5
™ 5
dy 2
4z 06
dist 25
TLwidth 4
TlLheight 22
cheair 25
dyair 2

X and Y Pitch

Fill and Warp Width

Parameters
are adjusted
to model any
type of glass
cloth
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Curve Info =
dB20(Diff_SCD11)

106 Common Mode Conversion

] SCD21=0.5%(S(2,1)-S(2,3)+S(4,1)-S(4,3)) [
1 SCD11=0.5%(S(1,1)-S(1,3)+S(3,1)-S(3,3)) |grewsriaieic™>"”

Smyangro="0deg’ STLyoff="-4.5mil"
dB20(Diff_SCD11)
LinearFrequency
Smyangro="0deg’ STLyoff="-1mil"
dB20(Diff_SCD11)

—— LinearFrequency
—]Smyangro="0deqg’ STLyoff="2.5mil"
dB20(Diff_SCD11)
LinearFrequency
| Smyangro="0deg” STLyoff="6mil"

dB20(Diff_SCD11)
LinearFrequency
& Smyangro="30deqg’ STLyoff="-8mil"
dB20(Diff_SCD11)
LinearFrequency
Smyangro="30deg" STLyoff="-4.5mil"
dB20(Diff_SCD11)
LinearFrequency
Smyangro="30deq" STLyoff="-1mil"

dB20(Diff_SCD11)
H LinearFrequency
| Smyangro="30deqg’ STLyoff="2.5mil"
dB20(Diff_SCD11)
¢ LinearFrequency
Y| | Smyangro="30deg" STLyoff="6mil"

] dB20(Diff_SCD11)
LinearFrequency
Smyangro="60deg" STLyoff="-8mil"
dB20(Diff_SCD11)
LinearFrequency
Smyangro="60deq’ STLyoff="-4.5mil" |
T T 7

Jsurfla/m]

4, 50726001
4. z255e+0BL
JETEEE
3. 66226001
3. 3806e+00L
3.09892+001
2, 61736001
2.5357e+00L
2. 254Pe+0BL
1,9724er00L
1. 69a7er0BL
1. 4paLe+0mL
1.1275e+001
8. 45822008
5. B4L8e+00n
2. 82532 +000
8, 93426-003

-40.00

Y1

-100.00 T T T

T T
0.00 250 5.00 7.50
F [GHz]

T
12.50 15.00
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HFSS Simulation With Extracted Parameters

-5
10
,1 5 4
g
=20
»
-25
-30 7 — Measured
LinearFrequency
357 — HFSS_Model|
LinearFrequency
-40 y ,
5 10 15 20 25 30 35 Firture
U=l
0

Measured ist w S R ¢

Fixture

05 Yo

‘-.-27
@
2
3
-3 %
T
— Measured 1
4 LinearFrequency

— HFSS_Model
LinearFrequency
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HFSS Mesh Fusion: No Limits

New Beta Feature in HFSS 2021 R1
I Fusion of powerful meshing and solving technologies
Mesh Fusion Features:

I Independent mesh regions
Optimal mesh algorithm and scale for each region
Concurrent (i.e., parallel) region by region meshing

A Faster initial mesh generation

I Improved reliability for multscale assembly designs
e.g., Antenna on platform, package on PCB, IC on package

A A Major Breakthrough in FEM Solver Technology

b Uncompromised and accurate: Fully coupled fields across
region interfaces!

L Solver delivers the true HFS8Idstandard Accuracy

CYBERNET Eisphii
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HFSS Mesh Fusion: No Limits

Simulate Complete Electromagnetic Systems

o

Chassis EMI

Fully-Coupled, Fullvave
Electromagnetic Matrix

From Chip
to Antenna

_ cvBeRNeT B >Solve itwith CYBERNET 4
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aSaK CdzaAz2yyY [ NABAS O2YLX
Television touchscreen in EMI chamber 300 um detail irtouchpanel
um to meters

Three mesh technologies in one

pibialidesh wwith Distributed Mesh 4.
Antenna

Mesh PastTALI
Chamber

6.6 m long chamber

Mesh Post(TALI)

Tnmn > 1v

i

{I.. TV Camponent

—-_—-——

Antenna Component |

2 cm detail on
ntenna

_, CYBERNET Bayfi »solve itwith CYBERNET B

L — o



*/Iesh Fusion Example: Speed up with Complex DeS|gr

S Parameter Plot 1 onformal  ANSYS
HFSS 3D Layout: Highly complex PCB with .-
bondwire package and edge mount connecto ]
‘ ‘\\ -.._“-’/’ s, ___':_..__..-—"‘--.._“__“___"__\
-10.00 = ‘\‘
/‘/ v/ \ /
e !" T“ ’
-20.00 k y y ‘I" ‘l
‘k“ Curve infe } t i
b —  dBIS(LansON_T1LanetP_T1)) j |‘ I
HFSS Sefup 2 Sweep 1 !
3000 - dB(SPott LanetP ) ‘!
HFSS Selup 2: Sweep 1 !
M —— dB{S{Port3 Ports)
Global Mesh Mesh Fusion o
Pass Number | Sobved Elements | Max Mag. Delta 5 Pazs Mumber | Solved Elements | Max Mag. Delta S 000 g e T
1 2280399 1 1 1833394 1 T
2 2868391 0.72621 2 2292081 0.89003 inports o
3 3258708 015402 3 2514092 0.051521 o | | I — |
4 3709952 0.045616 4 2775913 0015268 o 200 40 e o 200 1000
5 4628243 0.010713 Feale

Auto

Initial Meshing (2.8X)

16 cores

#of | Adaptive Meshing (1.5X)
Passes

# of Interpolating Sweep | Total (3.7X)
Fregs (3.9X)

Time Mem (GB) Time Mem (GB) Time Mem (GB) Time
Global Mesh  02:28:49 33.2 02:19:22 224 136 72:35:33 447 (2inll) 77:23:44
Mesh Fusion  00:53:28 8.45 4 01:32:42 89 136 18:33:16 225(8inll) 20:59:26

CYBERNET st
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PhasedArray SynthesisExplicitArray

A Explicit modeling of array is necessaryfor multiphysics analysis
A Dynamiclink to beamforming network in Circuit

A Pushexcitation from Circuit steers the beamin HFSS

Dynamiclink/PushExcitation

steersbeam inHFSS |

Design Properties
betaY = k_c*dist*sin(Scan_Theta)*cos(Scan_Phi)

[dist=7mm "
k_c = 2*pi*f_clc
¢ = 300000000m_per_sec

CYBERNET 3% f_c=28GHz
A BTERT SYT N rawan Pin = 40

il
usnme—~4v<ath CYBERNET B
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Installed AntennaPerformanceon auCell

A FADDMsimulationof phasedarraycanbe mappedonto uCeldesigrin SBR-asanearfield source
A SBRalculateshe installedantennapatternonthe uCell

B iy »Solve itwith CYBERNET B
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Ansys high frequency (HF) electromagnetic (EM) solvers

Hybridization and DDM \

101 -100,00 A AUTOMATIC
hybridization of
techniques

o]

N

n

©

51 -100 P

O

[}

w A AUTOMATIC
meshing and mesh
convergence

0-201

HESS: Finite Elements (Freq and Time Domain)
Geometry and Material Complexity

L SYBERNET B > Sobve itwith CYBERNET I




Installed Antenna Performance (SBR+)

,ﬁe?'
a0 B \ .
Mast/7 “

5G Base Station Antenna : :
HFSS SBR+ simulation to calculate antenna pattern

installed on a communication tower

4G Base Station Antenna

CYBERNET mssiss » Solve it,with CYBERN ET -
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Installed Antenna Performance

Coupling between 12 BS antennas
($ D-__ 11250 Coupling_High_ta_High 2 Coupling an Tower *

CVEERIELE oF = >Solve it,with CYBERNET B
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