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Introduction



Background: 5G

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

• 5G mm-Wave Antenna is required on 
both Base Station and user devices



5G mm-Wave Communication

700～6000MHz

24～100MHz

Pros Cons

・Wide bandwidth→ultra high 
capacity (multi-Gbps)
・Less interference due to pencil 
beam

・Big loss due to propagation,
environment
・Low penetration, mostly 
reflected by obstacles (building, 
car)→need Line of Sight (LoS) 
link

5G mm Wave pros and cons

Radiate in every 
direction

Radiate in one 
direction

Go around 
obstacles

Reflected by 
obstacles

・Mm-Wave antenna must be highly directional to combat the 
propagation loss at mm-wave bands 
・Higher power by the RF module
・Multiple antenna modules should be installed to extend 
coverage

Antenna design tips

5G mm Wave requirements

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



Simulation Solutions for 5G Systems

9

/ HIGH BIT RATE SYSTEMS

/ END USER EQUIPMENT

MULTI BAND & MM 
WAVE ANTENNA 

DESIGN

ANTENNA SYSTEMS 
PLACEMENT & 
INTEGRATION

5G STATISTICAL 
ANALYSIS

EXTERNAL EFFECTS & 
HUMAN BODY 
INTERACTION

/ EDGE PROCESSORS

POWER BUDGETING IP/CUSTOM VALIDATION PACKAGE AWARE SOC VALIDATION

/ MICRO-INFRASTRUCTURE & ELECTRICALLY LARGE COMMUNICATION ENVIRONMENT

BASE STATION ANTENNA 
ARRAY DESIGN

MICROCELL ARRAY 
INSTALLATION & 

INTEGRATION

MODELING SIMULATION 
ENVIRONMENT

CONNECTIVITY & RFI 
ANALYSIS

ELECTROTHERMAL & 
RELIABILITY MANAGEMENT

SYSTEM 
INTEGRATION

MULTIPHYSICS & 
ELECTROTHERMAL MODELING

PRE LAYOUT 
DESIGN

POWER INTEGRITY & 
RELIABILITY

SIGNAL INTEGRITY 
ANALYSIS

RFI, EMI/EMC, 
ESD

THERMAL INTEGRITY 
& DESIGN 

RELIABILITY

OPTICAL INTEGRITY

CHIP AWARE PACKAGE-SYSTEM VALIDATION

CHANNEL MODELING & 
COMMUNICATION ANALYSIS



AEDT products
Ansys Electronics solutions help you solve the most critical aspects of your product designs through simulation. If you
work with antennas, RF, microwave, PCB, package, IC design or even an electromechanical device, we provide you with
industry gold standard simulators. Ansys helps you solve any electromagnetic, temperature, SI, PI, EMC, parasitics,
cabling, filter and vibration challenges in your designs. We build on this with complete product simulation, allowing you
to achieve first pass success designing an airplane, car, cellphone, laptop, inverter, wireless charger, or any other system.

HFSS Maxwell SIwave Icepak

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

components. Its FEM, IE, 
asymptotic and hybrid 

solvers address RF, 
microwave, IC, PCB and 

EMI problems.

Solves static, frequency-
domain and time-varying 
electric fields. Maxwell is 

an EM field low-
frequency solver for 
electric machines, 

transformers, actuators 
and other 

electromechanical 
devices.

Solves power delivery 
systems and high-speed 
channels in electronic 

devices. A specialized tool 
for power integrity, signal 
integrity and EMI analysis 
of IC packages and PCBs. 

Predicts airflow, 
temperature and heat 
transfer in IC packages, 

PCBs, electronic 
assemblies/enclosures, 

power electronics. Icepak is 
a CFD solver for electronics 

thermal management. 

Q3D Extractor

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.



Sub-THz Simulation



Simulation Challenge

⚫ Challenge
─ Surface Roughness

─ High Frequency Dk/Df

⚫ Simulation Key Factor
─ HFSS Roughness Setup

─ High Frequency Dk/Df

─ HFSS Mesh Fusion

─ 3D Component Array

─ PyAEDT and Python Script

─ Installed Antenna Performance 



Hammerstad-Jensen Model
⚫ Surface Roughness parameter (rms) varied from 0.1um to 5um

⚫ Rsignal vs Freq

R (ohms)

Freq
(GHz)

Hammerstad parameter



Huray Model
⚫ Surface Roughness parameters

– Nodule Radius fixed at 0.5um

– Hall-Huray ratio varied from 0.1 to 5

⚫ Rsignal vs Freq

R 
(ohms)

Freq
(GHz)

Hall-Huray ratio



Creating Glass models
Fill

Warp

Clip edges

Sweep along 

Polyline

Duplicate 

along line

Draw Yarn

Cross-sections

Draw path

Change phase Boolean subtract



Parameterization

Fill and Warp Height
Fill and Warp Width

X and Y Pitch

All 

Dimensions of 

cloth are 

parameterized 

Parameters 

are adjusted 

to model any 

type of glass 

cloth



106 Common Mode Conversion
SCD21=0.5*(S(2,1)-S(2,3)+S(4,1)-S(4,3))

SCD11=0.5*(S(1,1)-S(1,3)+S(3,1)-S(3,3))



HFSS Simulation With Extracted Parameters

S11

S21

Measured is “Red”



HFSS Mesh Fusion: No Limits
⚫ New Beta Feature in HFSS 2021 R1

– Fusion of powerful meshing and solving technologies

⚫ Mesh Fusion Features:
– Independent mesh regions

⚫ Optimal mesh algorithm and scale for each region

⚫ Concurrent (i.e., parallel) region by region meshing
◼ Faster initial mesh generation

– Improved reliability for multi-scale assembly designs
⚫ e.g., Antenna on platform, package on PCB, IC on package

• A Major Breakthrough in FEM Solver Technology

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

− Solver delivers the true HFSS Gold-standard Accuracy
TAUClassic

TAU Flex

Phi
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HFSS Mesh Fusion: No Limits
⚫ Simulate Complete Electromagnetic Systems

Ph
i

Touchpanel

Chassis EMI

From Chip 
to Antenna

Fully-Coupled, Full-wave
Electromagnetic Matrix

20
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Mesh Fusion: Large complex “EM Systems”

21

⚫ Television touchscreen in EMI chamber 
um to meters

⚫ Three mesh technologies in one
6.6 m long chamber

300 um detail in touchpanel

Antenna Component

TV Component

1.2 cm detail on 
antenna

Antenna

Chamber

TV

21



Mesh Fusion Example: Speed up with Complex Designs

Global Mesh Mesh Fusion

Auto
16 cores

Initial Meshing (2.8X) # of 
Passes

Adaptive Meshing (1.5X) # of 
Freqs

Interpolating Sweep 
(3.9X)

Total (3.7X)

Time Mem (GB) Time Mem (GB) Time Mem (GB) Time

Global Mesh 02:28:49 33.2 5 02:19:22 224 136 72:35:33 447 (2 in II) 77:23:44

Mesh Fusion 00:53:28 8.45 4 01:32:42 89 136 18:33:16 225 (8 in II) 20:59:26

HFSS 3D Layout: Highly complex PCB with 
bondwire package and edge mount connector

22
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Phased Array Synthesis: Explicit Array
• Explicitmodeling of array is necessary formultiphysics analysis

• Dynamic link to beamforming network in Circuit

• Push excitation fromCircuit steers the beam in HFSS

Dynamic link/Push Excitation  
steers beam in HFSS
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Installed Antenna Performance on a uCell
• FA-DDM simulationof phasedarraycanbemapped ontouCelldesigninSBR+ as anear-fieldsource

• SBR+calculatestheinstalledantennapatternon theuCell
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Ansys high frequency (HF) electromagnetic (EM) solvers
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Hybridization and DDM

Geometry and Material Complexity
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The ANSYS Solution

Geometry and Material Complexity
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e HFSS SBR+: Shooting Bouncing Ray

• AUTOMATIC 
hybridization of 
techniques

• AUTOMATIC 
meshing and mesh 
convergence

HFSS-IE: Fast Method of Moments

HFSS: Finite Elements (Freq and Time Domain)

0-20l

5l - 100l

10l - 100,00l+
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Installed Antenna Performance (SBR+)

HFSS SBR+ simulation to calculate antenna pattern 
installed on a communication tower

Mast

4G Base Station Antenna

5G Base Station Antenna
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Installed Antenna Performance
Coupling between 12 BS antennas
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differential phase 
shift





Multi-Physics Simulation



HFSS & Icepak Co-Simulation Flow In AEDT

Create Model
(SpaceClaim or HFSS)

Calculate EM Loss
(HFSS)

Import EM Loss
(Icepak)

Calculate Temperature
(Icepak)

Create 3D model Icepak ResultCalculate EM Loss in HFSS Import EM loss to Icepak
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HFSS & Icepak Co-Simulation Flow In AEDT

Model 1

Model 2

99.0℃

63.6℃

Add Cooling design

Temperature from 99 ℃
improve to 63.6 ℃

Gain value 18.18 dB improve to 18.35 dB

EM Loss 4.08 W improve to 3.95W
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Return Loss and Temperature Field vs. Input Power

352022/9/5

50 250150100 200

Input
Power [W]



Electro-Thermal Simulation of 5G Base Station Antenna
⚫ Temperature of 8x8 dipole array for mmW 5G base station is simulated in Icepak (classic)

⚫ 40W input, ~4W RF loss

– Input power per unit cell: 0.625W

⚫ Maximum temperature is 159°C may exceed the decomposition temperature

6.3 cm



Array Performance After Thermal Loading (2-way Coupling)

~4.5dB loss of gain

ϕ=90°

ϕ=0°
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Thermal Management in Icepak
⚫ To reduce overall temperature, a 50mm fan is added on the bottom

⚫ Temperature is decreased to 68°C

⚫ Thermal issue is much mitigated
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