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ANSYS Electronics Desktop (AEDT) I

« ANSYS Electronics Desktop — Electromagnetics Suite

 Single Unified Desktop for Electronics Tools
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— HFSS Design Types

- Q3D Extractor Design Types

- Circuit Design Types

e

- |ICEpak Designs

- Maxwell Design Types

- Simplorer
- SBR+

i
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Electronics

ANSYS HFSS™

Applications

= 3D full-wave frequency domain electromagnetic field solver * Antennas

* Gold standard for extraction of parameters (S, Y, Z) since 1990 * Waveguides
* Filters

= Visualize 3D electromagnetic fields (near- and far-field)

. . . . . * Integrated circuit (IC) packages
= Automatic and adaptive mesh that provide best-in-class solutions. niee ircuit (IC) p €

® Connectors

. . Vias
Versatile Modeling Transitions
Efficient design-entry environment Gl

LTCC devices
MMIC devices

Rigorous Validation Radar equipment

Sign-off quality high-frequency EM results Cell phones

Satellite equipment

Bio-Medical equipment
Rapid Iteration

Parametrized design space exploration,
multi-team convergence

Wireless components
EMI/EMC
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Simulation Across All Major Physics

« Electromagnetics, Optics, Semiconductor, Structures, Fluids,
Embedded Software

« Multiscale Modeling

» nanometers (transistor) to kilometers (Coverage analysis)

Transistors 3D-RFIC PCB Antenna Element 5G Phase Array  Base station ~ Mast  Network Planning, Base
| Radio with BS Station Coverage
nm km
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Product Development Work-Flow

SYSTEM

Requirement Specifications

Radiation patterns, S-parameters
And much more

3D Layout
Circuit

Implementation

Slwave
Icepak
Mechanical

Network
Planning

Design and
Verification

CYBERNET



| 56 FE51ig R

/
HFSS

Unit cell analysis,
Design of Experiment
(DOE)
Analysis/optimization
Infinite array,

3D Component Array,
Explicit array

-
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Array Element Design

« Dual-slanted-polarized cross-
dipole antenna element

« Periodic BCis applied

---» Radome

--+ X-dipole
---=» Coax feed

» Reflector

e Design of Experiment in AEDT
- To obtain response surface
- To optimize the design parameters
- Tolerance Analysis of Design Parameters

Mex: 584 68

Ium’
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View: IMinfMax Search -
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Update Refinement Converged

[ DL [ Dipw [ maxS11(P) | max_521(7) | max_S22(P) [ Costip) |

05

max 511 4mm
max_521 4.559mm

o, :.'3 max_522  dmm
™ Cost 4.87mm
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| 5G Array Post Processing: CDF

G
Cumulative Distribution Function (CDF) for Antenna Arrays
Statistical analysis of far field quantities that results in the probability that a quantity will be less than or
equal to a certain percentage over the entire infinite far field sphere
Post processing CDF in ANSYS Electronics Desktop (AEDT)
N ACT Extension developed to automatically extract CDF curve for antenna arrays with multiple weightings p
0.75- CDF Calculation ANSYS e

~ Project/Design

&5 0.50 pum mem w = = -
o

0.25-

0.0%j:'u

20.00
EIRP (dBm)

15.00

10.00

25.00

30/00

35.00

4

Projects = 8port_CDF_Example

I Quantity

Coverage Perc. Gain(dB) -

Design = HFSSDesign2

Solution/Setup

Setup Setup1LastAdaptive

Frequency 1.8GHz

Threshold Value
Space

Infininte Sphere

Weighting Select T —
Select Type of Port Weighting = Constant Phase Shiﬂ—v‘
Total Input Power (dBm) 17

Number of Cases To Run 10

Maximum Phase Step 160

Cuantity Coaverage Perc. Gain(dB) v
Threshold Value 3

Space Theta-Phi

Infininte Sphere

Infinite Sphere1

Coverage Perc. Gain(dB)
Coverage Perc. RealizedGain(dB)
Peak EIRP (dBm)

Peak Gain (dB)

Peak Realized Gain (dB)
Radiated Power (dBm})

Gain (48) ¥
Realized Gain (dB)
EIRF (dBm}) >
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CDF: mmWave Antenna Module Results

« CDF ACT Extension 100 CDF Gain - Multi Control2 axt_awayr 4
. . - 1 Curvelnfa | COF, Caerionn | H305010030 : Table
- Quantify array performance for various beam _ ‘x’::i:‘;’ﬁ‘:;;, sm
configurations oso] [ s
- 5 beam definitions used to compile CDF across _
each beam 5
-EO_GG— z
. . =]
« Requirement of 50 percentile CDF of 11.5dBm Z
EIRP 80.40
L X
- mmWave antenna module demonstrated here o
shows 17dBm at 50% CDF is achieved, meeting 0.204
minimum requirements
- ANSYS Customization Toolkit (ACT) allows max 0001 \ AN
300 5.00 10.00 15.00 20.00 25.00 30.0

EIRP normalization Tb(Value)

Probability of device to deliver EIRP of 17 dBm to 50%
of observation points

Table 6.2.1.3-3: UE spherical coverage for power class 3

Min EIRP at 50'%-tile CDF

Operating band (dBm)
n257 11.5
N n258 11.5
n260 8
a1 s CYBERNET



Phase Array Synthesis — 3D Component Antenna Array I

Phased array example using Novel HFSS 3D component
finite array simulation technique
Makes use of:
- 3D components
- Non-conformal mesh
- Ability to adapt component mesh Independently
- Dynamic surface meshi-~

F

50 100 (mm)

CYBERNET




New Feature AEDT 2019R3 — Example

« 256 Element Example
- Four times 8x8 array for 5G (28 GHz)
- Radome covering all panels

r._-_-_-_-_

- Radome is bended to touch the ground plane

- Each Array panel is separated with an
antenna element size ground plane

- Includes finite ground size (size of ground
plane extension from antenna edge) r

« Full wave (FEM) Simulation time
- Adaptive Mesh included
- 32 Cores: 3 hours
- 128 Cores: Approximately 1 hour

CYBERNET



| Array Antenna Analysis in HFSS
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Results Comparison for 16 x 16 Array

Gain Plot 1 3D_Component FA ANSYS

e Compare explicit, direct matrix
solve with 3D Comp DDM

e Excellent agreement in far field
* 3D Comp DDM

- 67% savings in memory

- 37% savings in simulation time

T,

90

Freq=9GHz Phi=90deg’

150

CYBERNET
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Antenna in Package

overview




Antenna with Feed lines |

[}

Antenna to PCB to
BGA transition

0 o o 0 0 2 0 0 ¢ 000 0 02 0 ¢ o0 o0 oo

Top view

— Side view
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| Antenna to PCB mapping |

Al1,2]  A[1L,3]  A[1,4]

T—o—0 | @—5—3 __0 T—0 [ ANT RF port
3 4 o 1 ALL RF10
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| Beam Steer Performance in BGA
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Antenna Housing
Installed phase
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Advanced Electromagnetic Solution for Electrically Large Geometry: Fully
Coupled Hybrid Solution

Integral Equation, Physical Optics or
Shooting Bouncing Ray —Tower
Geometry

Hybrid Solution
Combining multiple numerical techniques in

a hybrid solution allows for most efficient
solution to this electrically large complex
problem

Fully coupled solutions

Finite Element
Method for antenna
array

Coupling Matrix

CYBERNET



| Installed Antenna Performance (SBR+) I

Fﬁ,\

Mast/7

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

4G Base Jtation Antenna

¢
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| Installed Antenna Performance

Coupling between 12 BS antennas

Coupling_High_to_High 2 Coupling on Tows: + € (5, 2 Coupling on Towe: +
11250 £0.00 i e
T0.00
80,00
-125.00
&0.00
¥ F-109.00
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= v .
—t | BRI Aet p1 56 et gt | 12000
T — e g1 o
— i A B S A B
WG vk p1 56 At pa| | 100y
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700 750 w00 3050 3900 050 000 kvl
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-40.00 e -70.00
S50, -:la_m_—‘\_\
-50.00
-80.004
-55.00
-B5.00
56000
-60.004
25,00
-&5.00
08 MBS e G T |
— R a1 At p1)
i -100.00 — GMHAG_WE_p1AG_antt_p1g|
— R el A a1
8000 105! T
1 150 1885 200 2.05 210 218 220
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| Hybrid Region Case

CYBERNET



| Hybrid Region Case Results |

CYBERNET Taiwan Gain Plot 1 — ANSYS

2 — dB(GainTotal)

Setup1 : Sweep

Freq='56.5GHZz' Phi="0deg’
- dB(GainTotal)_1

Imported

Freg='56.56GHz' Phi='0deg'

[ | Y Ty .
21.9GB 48 min
Hybrid Region 6.7 GB 12 17 min
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| 5G BEFNIRIHIRIZ 3 —
T T 2D

/

EMIT SBR+
Link margin, Interference, Network planning
Coupling models BS — UE coupling
Develop specifications Handoff
Multi-User Massive-
SBR+ MIMO
Beam forming and Evaluate Channel-
Coverage estimates performance
N AN AN J
.._"._.":"_/iv’jf\..f A _z"'-_z‘; AR adEA e (At
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RF Cosite Analysis: An Integrated Workflow I

(ST

R ‘?‘E T‘\W

Low/Mid Freq Workflow
e ; Antenna Coupling Data E &
Rx (‘_‘éa \?’_?
. £ ¢
y GPs oo N
e IFF (Top) N
IFF (Bottom)|| % 8 g
VHF Fal I
UHF o NN
= " Antenna
High Freq -~ Coupling RF Cosite
Workflow. ™ e Interference
Antenna Element Modeling -~~~ Analysis
and Optimization v == | SBR+Installed
LF/MF Installed Antenna Antenna
Coupling Analysis Coupling
Analysis
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Link Margin & Interference Analysis Scenario

EMIT Coupling Model/SBR+ Simulation

5G BS Antenna

" m=) |nstalled Pattern (SBR+)

EMIT Coupling Model/SBR+ Simulation

— .‘._-..-.--JPhone w/ 4G, 5G, GPS, BT antennas
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| RF Systems Definition

EMIT’s built-in RF systems library

i Library Tree

il | Project Tree

v ) - @
Libraries Project Enabled
v B Commercial Licensed Systems il
> [ Gsm > I Scene
> W LTE > 15! Coupling Data
> [0} LTE Advanced Pro v 1? RF Systermns
> [0 umTs > ) 5G_BSRF
A n Commercial Unlicensed Systems > M 3G_Mohbile_RF
> [0} Bluetooth » W 4G _BS RF
> H. Internet of Things > m 4G_Mobile RF
» l[ll Video Transmitters — » M BT _Mobile_RF
> W WiF > ) BTIRF om
> rl' WiGig 5 g BT?__RF
> [ wiMax -
> W) Zigbee > ) GPS_Mobile_RF
> [0 Medical 4 m W!F!_RF
v B Military Systems > ) WiFi_RF2
> ) TVRF
Freq uency band, TX > ) Interference
power, RX sensitivity, > ) Weather Radar RF
£ > B! Windows
etc. are predefined #) Preferences
T e

v . MNavigation Systems
> |1 GPs-GLONASS
> B Transponders
> [} Weather Radar

RF System Configuration I

\\_\_\_\—‘

W

Phone_4G_5G_GP...

—

Radio Multiplexer
Bluetooth Filter Phone_4G_5G_GP...

W - 02109012

Arciter
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TR s
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Link Margin vs. Distance

Link Margin between 5G Base Station and Mobile Device

. . | | | | | ;without Tnterference
° FOF SG, ||nk marg|n 2 0 dB 40 —with Interference H
- Up to 490m without
interference N

- 350m with interference

20 | i
g
oL i
10 | i
0 1&0 20‘0 30‘0 4&0 5&0 6(;0 70‘0 80‘0 9(;0 1000

Distance (m)
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Electro-Thermal Simulation of 5G Base Station Antenna I

« 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

Temperature [C]

124.486
107.072
89.6575
72.2431
54.8287

l 37.4144
20.0000

AAAAAAAA
AAAAAAAA
AAAAAA A A
A A ALAIALA A A
A A ALAIALA A A
AAAAAAAA
AAAAAAAA
AAAAAAAADL
h 6.3cm -

ID

Dipole
Coax_Inner
Coax_Outer
uStrip_Line
uStrip_Via
Reflector
Coax_Middle
Radome

Subst

Material

Copper
Copper
Copper
Copper
Copper
Aluminum

Teflon

Teflon

FR4

EM Loss Type

Surface
Surface
Surface
Surface
Surface
Surface
Volume
Volume

Volume

Maximum
Temperature

146.83 °C

135.14 °C
134.535°C

146.634 °C
137.723 °C
129.51°C
140.263 °C
126.911°C
159.315°C
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| Array Performance After Thermal Loading (2-way Coupling)

. - i 4unitcell 4
Temperature under 0.625W input 30,00 before & after 2-way coupling
(corresponds to 40W to 8x8 array) | T
— After Thermal Loading 9:‘1 (P=O°
Temperature ] — After Thermal Loading Y
[cel] ] -- Before Thermal Load!ng m'2 (P=90°
20.00 -- Before Thermal Loading|

184 5589 | T ‘
. 191.9439 Name X ¥

189.3279 m1 |8.0000 24.6690

1867119 | m2 [8.0000/20.1118

184.0959 = 10.00

181.4799 g ]

178.8639 §

175.2478 =
. 173.6319 % 1

171.0158 & 0.00

168.3998 ]

166.7838

163.1678

160.5518 ]

167 9358 -10.00 4

1553198 1

-20.00 : ; L S  xamw
-180.00 - - 45.00 90.00 13é 00 180.00

Theta [deg]
2_Way Coupling further increased temperature %
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Thermal Management in Icepak

« Toreduce overall temperature, a 50mm fan is added on the bottom

. Temperature is decreased to 68°C

. Thermal issue is much mitigated

Temperature [C]

68.4344
62.3801
56.3258
50.2715
44211
38.1628
32.1085
26.0542
19.9999
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Link Margin Simulation After Multiphysics Simulation

Link margin vs. distance is re-calculated

in EMIT

Link margin of 5G channel is reduced

Link Margin (dB)

40

30

20 |

10

-10

Link Margin between 5G Base Station and Mobile Device

;withdut Interférence Bef‘ore Therr‘nal Loadfng
——with Interference before Thermal Loading H
— — without Interference After Thermal Loading
— - Wwith Interference After Thermal Loading

300 400 500 600 700 800 900 1000
Distance (m)
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