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Agenda

e Introduction
— Background: 5G
— Why Ansys?
e Sub-THz Simulation
— Antenna Design
— Array Synthesis and Script

— Installed Performance
— Sub-THz Case

e Multi-Physics

— Thermal Simulation

Applied FSS on
this Radome
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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

Millimeter Small Cell Massive Beamforming  Full Duplex
Waves MIMO

CYBERNET R >Solve itwith CYBERNET IR




5G mm-Wave Communication

5G mm Wave pros and cons

car)->need Line of Sight (LoS)

link
4G/5G Low Band

700~6000MHz Reflected by Antenna design tips
obstacles

Go around
Radiate in every obstacles
direction *Wide bandwidth->ultra high *Big loss due to propagation,
\ capacity (multi-Gbps) environment
*Less interference due to pencil *Low penetration, mostly
((K beam reflected by obstacles (building,

Radiate in on
direction

‘7 5G mmWave

‘:

*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

24~100MHz \

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 ER >Solve itwith CYBERNET IR




Simulation Solutions for 5G Systems

T 1

HIGH BIT RATE SYSTEMS

PRE LAYOUT POWER INTEGRITY & SIGNAL INTEGRITY RFI, 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

POWER BUDGETING ‘ IP/CUSTOM VALIDATION ‘ PACKAGE AWARE SOC VALIDATION ‘ CHIP AWARE PACKAGE-SYSTEM VALIDATION

MICRO-INFRASTRUCTURE & ELECTRICALLY LARGE COMMUNICATION ENVIRONMENT

MODELING SIMULATION
ENVIRONMENT

CONNECTIVITY & RFI
ANALYSIS

MULTIPHYSICS &
ELECTROTHERMAL MODELING

BASE STATION ANTENNA
— ARRAY DESIGN

MICROCELL ARRAY
INSTALLATION &
INTEGRATION

CHANNEL MODELING &
COMMUNICATION ANALYSIS
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-
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.

Q3D Extractor

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.

CYBERNET as#it

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.

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.

Predicts airflow,
temperature and heat
transfer in IC packages,

PCBs, electronic
assemblies/enclosures,

power electronics. Icepak is
a CFD solver for electronics
thermal management.
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Sub-THz Simulation
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° ° RMS Roughness
Simulation Challenge <
RMS Angle Is
isu:!facew Roughness Factor: RF=L_rough/L_straight
. Ch a I I e nge L_rough N\/\/\:{ SR (RMS value)
L_straight

— 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

CrERNET RS >Solve itwith CYBERNET I




Hammerstad-Jensen Model

Surface Roughness parameter (rms) varied from 0.1um to 5um

Rsigna, vs Freqg

CYBERNET Eipkii

XY Plot 4

400.00

350,00

R(sig1.sig1) onmi
8
L

15000 -}

100.00

hms)

Hammerstad parameter

Freq
(GHz)

HIBWRI,

T T T
1000 1250 1500
Freq|GHz]

T |
17550 2000
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Huray Model

® Surface Roughness parameters
—  Nodule Radius fixed at 0.5um
—  Hall-Huray ratio varied from 0.1 to 5

XY Plot4

®  Rgna VS Freq
R
(ohms) Hall-Huray ratio
Freq
(GHz) —8
nmﬂ 0 2%0 5&0 7.%0 Fr;glvsqu] 12%0 TSIW 17‘50 ZV‘W

CYBERNET as#it
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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

CYBERNET Eipkii

Fill and Warp Height

All
Dimensions of
cloth are
parameterized

MName Value
pitch 358
depth ¥_height+0. 1mil
bends &
points 40
¥_height 0.5
¥_width 4
_height 0.5
Y _width 75
e 5
dy 2
dz 0.6
dist 25
TLwidth 4
TLheight 22
dhair 25
dyair 2

X and Y Pitch

Fill and Warp Width

Parameters
are adjusted
to model any
type of glass
cloth

»Solve it with CYBERNET B




106 Common Mode Conversion

0.00

Curve Info =

dB20(Diff_SCD11)
LinearFrequency

] 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
,15,
g
=20
»
-25
-30 7 — Measured
LinearFrequency
357 — HFSS_Model
LinearFrequency
-40 : >
5 10 15 20 25 30 35 Firture
=1
0

Measured is “Red”

" Fixture

2 S — T
@
2
3
S
— Measured 21
4 LinearFrequency

— HFSS_Model
LinearFrequency

CXBE.BNET'E'?“?Tiﬁ ‘ I 15 F [GHz] 20 ! FSOLVG It,Wlth CYBERN ET -




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

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

n Faster initial mesh generation

— Improved reliability for multi-scale assembly designs
e 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

D >Solve it,with CYBERNET EB
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HFSS Mesh Fusion: No Limits

® Simulate Complete Electromagnetic Systems

o

Chassis EMI

Fully-Coupled, Full-wave
Electromagnetic Matrix

From Chip
to Antenna

»Solve it with CYBERNET 2R




Mesh Fusion: Large complex “EM Systems”
® Television touchscreen in EMI chamber 300 um detail in touchpanel
um to meters
® Three mesh technologies in one

fowith Distributed Mesh 4.
Antenna

6.6 m long chamber

Mesh PastTALI

Chamber
Mesh Post(TALI)

T S v

i

{'.. TV Component
e

—-_—-——

Antenna Component |

.2 cm detail on
ntenna

| 21CYBERNETE?'§JJH?§ » Solve it,with CYBERNFT -




esh Fusion Example: Speed up with Complex Designs

H H S Parameter Plot 1 PCB_nonconformal  ANSYS
HFSS 3D Layout: Highly complex PCB with
bondwire package and edge mount connector N N — .
‘ \\\ :; Bt 3 ,..- -.~..______..-..__““_“ i
-10.00 ~F » 7 . \*-..-"".-"-'
':'-'f\\‘ 2 :.\“ . ¢ \ .“-j :_.‘ ;:
2000 % b 7 / ‘.‘ ‘|
& ‘k Curve Infe. ‘ : i
b —  dBIS(LansON_T1LanetP_T1)) j |‘ I
HFSS Sebup 2: Sweep 1 i ]
3000 dB(S(Fort LanedP_T1)) ‘ !
B HFSS Seiup 2: Sween | |
. = dB{S(Poit8 Ports])
Global Mesh Mesh Fusion e e
Pass Number | Solved Elements | Max Mag. Delta S FPazz Mumber | Solved Elements | Max Mag. Delta 5 40007 ‘mw‘fs‘“m“ﬂ LenetP T
1 2260999 1 1 1633394 1 S —
2 2868991 0.72621 2 2292081 0.89003 inports e
3 3256708 015402 3 2514032 0.051521 o [——
E T T impor T
4 3709952 0.045616 4 2775913 0015268 o 200 40 e o 200 1000
5 4628243 0.010713 Feale

Auto Initial Meshing (2.8X) # of Adaptive Meshing (1.5X) # of Interpolating Sweep Total (3.7X)
16 cores Passes Fregs (3.9X)

Time Mem (GB) Time Mem (GB) Time Mem (GB) Time
Global Mesh 02:28:49 5 02:19:22 224 136 72:35:33 447 (2in ) 77:23:44
Mesh Fusion 00:53:28 8.45 4 01:32:42 89 136 18:33:16 225 (8 in I1) 20:59:26

CYBERNET st

»solve it with CYBERNET il




Phased Array Synthesis: Explicit Array

» Explicit modeling of array is necessary for multiphysics analysis
 Dynamic link to beamforming network in Circuit

* Push excitation from Circuit steers the beam in HFSS

Dynamic link/Push Excitation

%

steers beam in HFSS

ey

R 0 S

|

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%l # f_c=28GHz
e Pin=40

ssoieisin CYBERNET

22
L0



Installed Antenna Performance on a uCell

* FA-DDM simulation of phased array can be mapped onto uCell design in SBR+ as a near-field source

* SBR+ calculates the installed antenna pattern on the uCell

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

Hybridization and DDM \

10X\ - 100,000+ e AUTOMATIC
Sl hybridization of
~ techniques
@ HFSS SBR+: Shooting Bouncing Ray
>
5\ - 1001 §

2

1T * AUTOMATIC
meshing and mesh
convergence

0-201
HFSS: Finite Eleents (Freq and Time Domain)

Geometry and Material Complexity

_ Comemner B > Solve itwith CYBERNET Il




Installed Antenna Performance (SBR+)

L
e
*EEE'/ \Q‘

A

-9
Mast/ | -

[ ]
|
£
&2 \[’
!\_7_/ y .
4G Base Station Antenna

CYBERNET fas#it

s

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

»Solve it,with CYBERNET IB
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nstalled Antenna Performance

Coupling between 12 BS antennas

Caupling_High_ta_High 2 Couping on Tower Coupling_Lew_to_High 2 Coupling on Tower +
-112 -60.00
-70.00
-80.00
-125.00
-60.00
= £-100.00 e
-110.00
-137.50
-120.00 ]
AB(S(5G_Ani2_p1,5G_Art1_p1)) | — dB(sE6_A_p1 46_aat_p1))|
— dB(S(5G_Ani3_p15C_Ant1_p1)) 130,00 AIB(S(5G_Ant4_p1 4G_ant1_p1))|
— dB(S(SC_And_pi 5C_Ari_pi)) . JB(S(56_Ant5_p1 4G_ant1_p1])|
GBI A5 p156_ At i,
-150.0 - - - - ! -140.00 : - : : {
37.00 37550 38.00 3850 39.00 3950 40,00 37.00 37’50 38100 38.50 39.00 3850 40,00
Freq [GHz] Freq [GHz]
Goupling_High_to_Low 2 Coupling on Tower * Coupling_Low_to_Low 2 Coupling on Tower +
-40.00 -70.00
45.00 -75.00 -\
-50.00 —N
—— - -80.00
-55.00
-85.00
(\C,—’/_) oo =
-80.00
-65.00 +
= vt
GB(EAG ant_p! 56 Antt_p1)) .85.00- —  dBIS(G_ant2_p14G_anti_pi})|
70,00 S — — dB(SUG_an) 5146 _ant1 o)
L/ AB{S(G_an3_p1 56_An1_p1)) — dBIS(4G_ant4_p14G_antt_p1))| |
-75.00 - AB(SAG_anid_p1 56_Ant_pij) ~100.00-) 8IS _ants_p14G_ant1_p))|
AB(S(AG_ani5_pi 55_Ami_pi))| — BIS(G_antB_p1.46_ant1_p1))|
-80.00 T ; : { -105.00 T T : !
k___/ 160 185 2.00 205 210 215 220 190 185 2.00 2.05 210 215 220
Freq [GHz] Freq [GHz]

o it U i »Solve itwith CYBERNET B
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I 2015 1st URSI Atlantic Radio Science Conference (URSI AT-RASC)

Design and characterization of CMOS millimeter-wave transformers

Publisher: IEEE Cite This PDF
{05 907 ia nj ~—y—— Simulation o 10080 s
| ——_ = Measurement

DOI: 10.1109/IMOC.2009. 5427555
Bernardo Leite ; Eric Kerhervé ; Jean-Baptiste Bégueret ; Didier Belot

10 105 g 0 1O M50 50 B0

Figure 3. Mesured and simulated S parameters of the transformer.

30— _y Simulation

300 +— 5 2
~—y—— Simulation
— = Measurement

— = Measurement 555 |

Z11 [ohm

100 120

100 12 0

40 60 80
Freq [GHz)

Figure 4. Mesured and simulated Z parameters of the transformer

40 60 80
Freq [GHz]

Figure 2. HFSS model of the transformer and interconnects.

»Solve it with CYBERNET IB

CYBERNET 385

CYRPANTT % Talwan




IIEEE Microwave and Wireless Components Letters ( Volume: 28 | Issue: 11, Nov. 2018)
Broadband Transition of Substrate-Integrated Waveguide-to-Air-Filled

Rectangular Waveguide

Publisher: IEEE Cite This PDF

DOI: 10.1109/LMWC.2018.2871330

Issa Mohamed () ; Abdelrazik Sebak @  All Authors 0 e HFSS — — Measur. —e— HFSS —e— Measur.
- T 4 3 " T > I 4 T k T
_—]\. Radiating | |
Reference __—— TR\,
planc [ Por S Pl \ I | Mt ; ( -1
VN “ ] | \ f I | '
------------ \\ <--. WR-15 Y | | J | '
= N “savpice A0t RRET FEEIT LD Nl o .
™ A 1 | ' ! '
- I | | | 1
------------ N : . : . B s
___________ — 4 ] \ ‘ ' ' o
o ‘ i ' " | S« : ©
Inductive 3 =20 - - \ Y [} ‘l\"" " —'(“' i o o v " —
posts — N\ v & ~
o ' ' |} ‘ ' l ’ ' 1 I = 3 ﬂ
Perspective view of the proposed SIW-to-WG transition. ﬂ U | | \ | I \ 1 | | -
| | ' : : / : :
=30 4|4+ - - -1 - - - - o = e | s o
| | ’ ‘ | ' ! \ | '
| | ) | | |
M|
| Ny : ' L e
| 1 | | |
| 1 \ | |
-40 e —t IS —
47.5 50 55 60 65 70 75 75.5

Frequency (GHz)
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IEEE Microwave and Wireless Components Letters ( Volume: 17 , Issue: 3, March 2007)

A 90-GHz Waveguide Variable Phase Shifter 0
S Vane — Measurements
Publisher: IEEE Cite This (dB] - odel
DOI: 10.1109/LMWC.2006.890476 107
Giampaolo Pisano ; Giorgio Savini ; Luca Pietranera ; Kate Isaak ; Bradley Johnson ; Massimo Gervasi ; Lucio Piccirillo
Rotating QWs

-20
HWS

: : differential phase ]
Y g f | Ae N -30
LA \[’ ¥ v asblft — Measurements
\ » — Model
~ Transition absorbing vane N §

Transition &
.
-40 +

75 80

90 95 100 105
Frequency [GHz

/]

Sa Vane
(dB]

0.5 A

75 80 85 90 95 100 105 107
Frequency [GHz]

1.5 4 [Mo Title]

— Measurements

-~ Model

2.0 T T T T T
75 80 85 90 95 100 105

Frequency [GHz]

CYBERNET Eipkii
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) Black : LHCP measured
Open Access | Published: 29 October 2020

Red : RHCP measured
- Greer * Simulatior
Novel 500-GHz Band Waveguide Stepped N . s marl
Septum-Type Circular Polarizer with a New 5 NI B5 W N % 1 SN A B
- - FU
High-Accuracy and Very Small Waveguide
Flange https://doi.org/10.1007/510762-020-00752-9 =
n
Yutaka Hasegawa ™ Hiroyuki Maezawa ™ & Hideo OgM 8
n
Journal of Infrared, Millimeter, and Terahertz Waves 42, 1-16(2021) | Cite this article g
(a) Port 3 ?1 | i S (I N I e
Single model 430 450 470 490 510
1 B o Frequency [GHz]
/ Outputportlsolatlon _____________ , Red Line ! Measured X-pol
LHCP transmission *‘" ----------- f Port 2 Green Dots : Design X-pol
7\?7(3’ - . it Blue Line : Simulation with measured dimensions
SRR /Jw | A Output .5 Black Dash : Best fit simulation ( 0.5 pm Dip )
< {1 return loss ¢ 0
Port1 <= 'E
-~ y—c
Input —
return loss -~
TG HAS & e
[conyerter —_ | T
S -40 e
e
-60 3 4
430 450 470 490 510

Frequency [GHz]
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Multi-Physics Simulation
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HFSS & Icepak Co-Simulation Flow In AEDT

[Create 3D model ] E> [ Calculate EM Loss in HFSS ] E> [ Import EM loss to Icepak] E> [ Icepak Result ]

+5 o Mesh

9

El-f@ 5G-Natioral Thermal (SteadyState)

= —
Y

! j:\ | oo N S & 3D Compuients i
~ S I /'/' ...... & Model L
< E-gF Thermal ELUA
Calculate EM Loss £ EMLoss1 =
HFSS ----- &= Surface
Create Model ( ) - Volume i
(SpaceClaim or HFSS)
Import EM Loss Calculate Temperature
(Icepak) (Icepak)
EEEREnE . >Solve it,with CYBERNET B
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HFSS & Icepak Co-Simulation Flow In AEDT

System Gain Plot 2 HFSSDesign1 “**"*

2000

Name

10,00~ 18.189

1 e Curve Info
1 0.0000] 18 1856 — dB(SystemGainELCHP)|

Setup1 : LastAdaptive

cel]
137.3487

133.2033
129.0580
1249127
120.7673
116.6220
1124767

108.3314
104.1860
100.0407
958954
91.7500
87.6047
834594

793141
751687

[ v [ [z v}

|m2 l 12510 | 10667 | 1500 | 9909¢-01 |

Temperature from 99 °C
improve to 63.6 °C

£ oo Freq=28GHz' Phi=0deg’
Q —  dB(SystemGainELCHP)
2 1000 Setup : LastAdaptive
g Freq=28GHz' Phi=45deg’
5-2000 ‘
&-30.00 n‘, Sl 408345477544128
° (} ___|[5et: Integrate(volume(AllObjects). Valumel nssDensity)
-40.00
-50.00 + T T T T T T T
20000 -150.00 -100.00 -50.00 0.00 50.00 100.00 150.00 200.00
Model 1 e
. . Gain value 18.18 dB improve to 18.35 dB
Add Cooling design
EM Loss 4.08 W improve to 3.95W
System Gain, Plot 2 HFSSDesign1 ****
20.00 7 Name | X | Y Curve Info
1000 | Meme | X | ¥ w1 oo 183508 —  4B(SystemGainELCHP)
o m1  |0.000018.3508 Setup1 : LastAdaptive
& oo0- i Freg=28GHz' Phi='0deg’
9 —  dB(SystemGainELCHP)
!"g" -10.004 Setup1 : LastAdaptive
é Freq=28GHz' Phi='45deg’
52000
& -
g0 E el 3952092047525
-40.00 1 i \ _b b | [Scl: Integrate(Yolume (AlObjects). VolumeLossDensity)
-50.00 \ \ : - -
20000 -150.00 -100.00 -50.00 0.00 50.00 100.00 150.00 200.00

Model 2

CYBERNET E3# 5

CEBMANTT sv:
W

5 Talwan

Theta [deg]

Temperature
[cell

96.4565
93.6227
90.7888
87.9550

85.1212
82.2874
79.4535

76.6197
73.7859
70.9520
68.1182

65.2844
62.4505
59.6167
56.7829
53.9491

‘ Name ‘ X ‘ ¥ ‘ z ‘ Tempernlur+

‘ m2 ‘ 1234 ‘ 1500 ‘ 6.361e+01 |

»Solve it with CYBERNET IR
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Return Loss and Temperature Field vs. Input Power

No Thermal Feedback

With Thermal Feedback 50W
With Thermal Feedback 100W
With Thermal Feedback 150W

With Thermal Feedback 200W
With Thermal Feedback 250W

Power [W]

cvoertitt B

Tempera...
[cel]

350.0000
330.0000
310.0000
290.0000

270.0000
250.0000

230.0000
210.0000
190.0000
170.0000
150.0000
130.0000
110.0000
90.0000

70.0000

50.0000

» Solve it,with CYBERﬁ‘rET il




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

Temperature [C]

O m 159.315

141.901
124.486
107.072
89.6575
72.2431
54.8287

I 37.4144
20.0000

CYBERNET it

P> 8 1> 1> 5 8
Ee> 1> > > v
PED> > 244> > >

A A
A A
AA
ARA
AVA
A A
A A
A A

L YAk ak 2B alP B
B> D> > > >8>
> 4> D> 1> 1> >

I\

6.3 cm

A\ 4

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

Maximum
EM Loss Type Temperature

Surface 146.83 °C
Surface 135.14 °C
Surface 134.535 °C
Surface 146.634 °C
Surface 137.723 °C
Surface 129.51°C
Volume 140.263 °C
Volume 126.911 °C
Volume 159.315 °C
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Array Performance After Thermal Loading (2-way Coupling)

before & after 2-way coupling dunit cell
Link Margln between 5G Base Statlon and Moblle Dev1ce 30.00
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Thermal Management in Icepak

® To reduce overall temperature, a 50mm fan is added on the bottom
e Temperature is decreased to 68°C
® Thermalissue is much mitigated

Temperature [C]

68.4344
62.3801
56.3258
50.2715
44211
38.1628
32.1085
26.0542
19.9999

CYBERNET Eipkii

36 »Solve it,with CYBERNET IB




Q) CYBERNET SYSTEMS CO., LTD.

@ CYBERNET SYSTEMS ( SHANGHAI ) CO., LTD.

Q) CYBERNET SYSTEMS MALAYSIA SDN. BHD.
@ NOESIS SOLUTIONS NV

Q SIGMETRIX, L.L.C.

@ WATERLOO MAPLE INC.
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