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1969 R FBZEF

« EM is textbook stuff ( EBEERPEFZ0LRH )

 Computers were primitive ( EBIAERIS )

o Punched card input (¥JFL &I )

o Memoryin KB ( TR )
o Limited to solving a 100 X 100 matrix ( B2 R EEfZ100x10009%50% )

e CEM was in it’s infancy ( tTREBEAHINIFFIS )

o KaneS. Yee, FDTD ( BiEBFRZES" ) , IEEE AP-S, 1966

o Roger F. Harrington, Field Computation by Moment Methods ( #8&j% ), 1968
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. 1967
o FB—RNAEEABRIT]E (P. Silvester)

* 1969
o FE—is BRI ESL SR, (magnetostatic)[AJEX(M. V. K. Chari and P.
Silvester)
* 1970

o KINZFHEARE ( Spurious modes ) (P. Daly and, separately, Z. Cendes and P.
Silvester)
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Z. J. Cendes, D. N. Shenton and H. Shahnasser, “Magnetic field computation using Delaunay
triangulation and complementary finite element methods ”, IEEE Transactions on Magnetics,
\Vol. MAG-19, pp. 2551-2554, 1983.

M. L. Barton and Z. J. Cendes, “An improved method for magnetic flux density visualization
using three - dimensional edge finite element method ”, J. Applied Phys, 1987.

S. H. Wong and Z. J. Cendes, “Combined Finite Element-Modal Solution of Three-
Dimensional Eddy Current Problems,” IEEE Transactions on Magnetics, pp, 21685-2687,
1988.

J. F. Lee, D. K. Sun, and Z. J. Cendes, “Tangential vector finite elements for electromagnetic
field computation”, IEEE Transactions on Magnetics, Vol. 27, No. 5, pp. 4032-4035, 1991.

NANSYS

© 2017 ANSYS, Inc. July 31, 2017 ANSYS UGM 2017



—MTIAYEE
sB—RirEa- glik

* 1979

° Infolytica

* 1984

°  Ansoft

* 1985

o Vector Fields
o Magsoft
o |ES

e Others
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David Shenton & Meshmaker
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Dr.Din Kow Sun & Prof. Jin-Fa Lee
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ZHHFSS IEEFEAR
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HFSS &%

* HFSS: Frequency domain finite element solver ( $fi&ErRIT )
v 2B FEM KRS
v EREET

* HFSS-Transient: Time domain finite element solver ( AiEBIRIT )

v’ v13 fRZNANI0
vV FERFIHREETIIR

* HFSS-IE: Frequency domain integral equation solver ( $isEE;% )

v v12 hRZNSIN
v FERTFEAEEENE
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Spurious Free Vector Basis Functions ( {IB{{EEFHE] )
o XfMaxwell FIEEIRH R SERYRR

Automatic Adaptive Meshing (EIRESIBEIEEMMEEIH )

o “Physics defines the mesh not the other way around” "#JIBEN 7 M& , AEER"

Transfinite Element Method ( #8PR7Ti% )
o IREERENHNIRCMKZIISEURE (S, YFIZ5#L)

Domain Decomposition Method ( X193 f#i% )
o SCMISHRAAT (&R ) FHTIHE
o XFIFZHEIAINEEEZ K
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- IRGBRSAERRAY— SR R AN
v BEFR-XY I El (Tree-cotree basis splitting) LI B IFAIREFEIEEE
v ENE | FHERmOSERIEE
v T EEFSE (Extended precision ) LAFE 2 FRIX Le4F 4

- IRRISNEE
v RIS SROR ((IRERM )
v SEHVETISROR (PRIEFN )

o XJ SI ZK[aJRRRABLLZIRIRET{ (Terminal Modes)
v Zista I 5ARFHEL (Eigen Modes) BZk42H 5
v RFREEI—EUE ( 25REF )
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XEE B ARMEFIRIEEAERIIEL

10
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=@=FDTD/FIT adaptive
FDTD/FIT manual
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B %% (Direct Solver) &4 % (Iterative Solver)
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B ZRIHPC I81E
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Automatic Adaptive Meshing

== beavazi b
- EERIEIS: PSRN AT

B—HIEAIRE

17 © 2017 ANSYS, Inc. July 31, 2017 ANSYS UGM 2017



EA R

- 5RFH 8X4 (HPC 32) §l1 8X16 (HPC 128)

FEPEKEERTIE] (8 cores) 19:34 14:25 (35% faster)

HPC 32 335 74% 98%

HPC 32 3KA#ATIE] 25:04:40 14:48:15 (70% faster)
HPC 128 FIHER 52% 95%

HPC 128 Kfi#HTE] 08:50:08 03:50:14 (130% FASTER!)
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HFSS Frequency Sweep — HPC-SDM* Distributed Solve*
Ultrafast frequency sweeps 45 Variations

32 DSO Points

8 SDM Points

Serial

Variations
Serial Sweep (Baseline) No HPC

(Baseline) Distributed Solve

Frequency 3
_.’4.\ quency o

Frequency 2

.f".

Variation 3

Frequency 4 Variation 2

L)
- Variation 4

Frequency 1
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1990 16 I\l , 2007 3 #/




R18.x BygdH
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Broadband Adaptive Meshing

- RHISTETE RN SRR RSl 532
{EE85? e

it
]
B
it
5

Cavity Diplexer
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Broadband Adaptive Meshing

Diplexer

* Single Frequency Adaptive Meshing

* Adaptive meshing is traditionally performed at a
single solution frequency 1950MHz_J

* Relies on user choosing the appropriate solution

frequency

* Some designs are sensitive to choice of solution
frequency in delivering broadband accuracy

* Diplexer Example 1910MHz_J

* Field behavior is significantly different
depending on frequency of operation Broadband Adaptive Mesh

» Single frequency adaptive mesh is not ideal at

across all frequency points
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3-Paraemeters diplexer BAM &

0.00

-25.00

-37.50

dB

-50.00
-62.50 -

-75.00

Single Frequency
Solution Frequency

--- 821 - Single Frequency
--- 831 - Single Frequency
— $21 - Broadband
— S31 - Broadband

-87.50
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JR{E AR Pt

S-Parameter Only Matrix Solve

* ?ﬁ‘ﬁﬂ&ﬁﬂgf-\ﬁ?ﬂgsgﬂ D:aI-BandS'fa;keddPatch J
« FERFS AR REENFIRSSHAXRE ntennawith Radome
© BMRERR10-20% N0E
« HPCRAILARERENNFEESZIMZERSI , LULEIR

Saved Fields and

S-Parameters

Saved Only
S-Parameters
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JR{EFSRRIHHAY G

1 13.5GB 3.41GB X TS
2 39.4 GB 9.71 GB
> 188 GB 30.8GB 256GBRYEBANR17 REERF1MTEE S , R18EE[R)

RIS MEE S |, RRfZR18SRTEI2XNME
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HFSS e RIRERA
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HFSSELIEP R

ANSYS I EETIRSHiE \

Savant RIEE | ) )

The [ANSYS Solution
HFSS-IE : BIEsEE X \ Y,

HFSS: EBE;G }
NEIfFESRE
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HFSS DDM (Domain Decomposition, X153 #E %)

o XikfEKAE=S
v V12 IRANEIRS I
v B SRCKAERE KR BR[O

Y S RS A O R
- IRiIERtZBE 2 XS ‘ ‘
v S4F

v a5 (Load balance) — = —

Machine 1 Machine 2 Machine 31

REIE2:  12.5 Million
HFSS 11 1HEIRTE]: 17 hrs
HFSS 12 DDM 1HEIRT[E]: 2.5 hrs (6.8X)

ANSYS
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Xish o RS ERIFFITIMEREL ( Parallel Scalability )

. .
§ i UHF Blade Antenna on F-35 Joint
,?{Et)ls Strike Fighter
=]
50

/A\
40

Direct matrix Solve (HPC)

30 = = Direct Matrix Solve (MP)

DDM (HPC)

e |inear

20

10

=— Better than linear

o= ()

1 3 5 7 9 11 13 15 17 19 21 23 25
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X pom EARBBRAMEFIEZE (Finite Array Solver)

* FIXIFARATELSIIRY DDM FR Newinvas
v OREEE MEHDMEESN
v RSENRE , T IBTRIDHN
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Flexibility ( Ri&[¥ ) — Shaped and Sparse Arrays
Diamond ( 54K ) Asymmetric Spiral/Hex ( YZ25EIK )

Small Spiral Snowflake ( ZIEIK )

||| QA (HATGEARTOTOD G |
LY SESRV SRS
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Vacuum buffer region

mimics DDM \

DDM USES 77%
LESS RAM

DDM IS 4.1X FASTER

Radiation
boundary
on sides

B9 g Lo BEA P
B fERE o+ Ed = i

8x8 DDM Array

256 Element
Explicit Array
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HFSS it ffiZRIZ R

B AXIiaZEHE—PRobin P F1T ( distributed
b parallel ) ISE3{E(EIR

3.2GB, 120 min

8x8 Hex-Patch Array, 64 excitations

8 MZ
5.17M 3.0G 19.2 54 min
v15 5.17M 3.0G 8.9 9 min
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XisiZEN S
Robinf{& iR

3.17GB, 74 min

1

ZHaimlan] ERLIE
FOEFhEIIL

3.19GB, 51 min

1

EXFBEESIREREL
3.2GB, 29 min

l

MPI A{EH1T
3.2GB, 9 min




XHF oom HFEARRBIRB S HEIE (Hybrid Solver)

* FE-BI IR AT RARFIFORRGT Nowinvis
v POEBISERAT FEM (BIRTTIE) KR
v SMEBE SR € R R
v AR ISR 8

* |E Regions Newinvi4

v AR ENEEYIATIBEZA IE KE
v BEZREPEZEMIS FE-Bl ik
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XF DDM $ZARIREHIE (Hybrid Solver)

!
=3

Domain Decomposition Based 4 SBR+ Region
Hybrid Solver

Linked Region

PO Region Dielectric PO Dielectric IE Region
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HFSS KEZ=S RILIDTE

FE-PML Hybrid FE-BI

-

\

N

/

N=7.7M, 137GB, 136min

Hybrid FE-Bl and PO Region

pe

N

e

—

\

N

/

Hybrid FE-BI and IE Region

e

N

N=5.0M, 78GB, 101min

‘ Disjoint FE-Bls

e
<

N

- / o / = /
N=127K, 1.6GB, 1.5min N=127K, 5GB, 6min N=777K, 18GB, 29min

B /\NSYS
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=R iRSHEiXL IE-Regions (v15)

€ FEm-IE
@ rEm-IE
PML Setup Hybrid FEM-IE
10625 A 37 N3
18.4 meter
rem-IE
QIE-Region
FEM 98 GB 9.1 /JN\AY
Hybrid Solution 23.7 GB 4.5 VB

Hybrid IE-Regions shows 2x Speedup, and 76% Less RAM
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FEBI + IE/PO Region Z&fjll : 58A fiE

=
Il

FEBI 400 .} |—IERegion |
: : : | ~~~PO Region

IE/PO Region
IE Region
gqot
-?80-1 35-90 45 0 45 90 135 180
PO Region O (deg)

-- (hERA

IE Region 1,367,400 129 GB 160 min

PO Region 1,367,400 14 GB 10 9.5 min
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p==H{ FE-BI

POk S ......... ——FERI (15t TC) |
| | -~ ~FEBI (znd TC)

10 GHz

1 task 16 cores

1,398,461 27.2GB 210 min

[ T R18 1,398,461  15.6 GB 12 17 min

DDM residual 1.e-3

3 i i i i i ; ;
-?80—135 90 -45 0 45 90 135 180
0 (deg)

0.95 GHz

8 task 16 cores
804,937 25.6 GB 124 min

R18 804,937 24.5 GB 8 78 min

DDM residual 1.e-3
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1way vs 2-way, B2 ZEYEHl @ 1GHz

2-way

Freq | 5:Pir_T1 |
Fin T1[0.9203, 141

I
i
\ I 1-way
|
i

Freq | &:Pir_T1 |
Fin_T1[0.92015, 141

1 task 16 cores

Two-Way 454,538 52.2 GB 67 min

One-Way 454,538 49.9 GB 38 min
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SBR+ Region:iXfREJH@ 7.1GHz

-180-135-90 -45 0O 45 90 135 180
0 (deg)

1 task 16 cores , 3 adaptive passes

FEBI-IE 24.3 GB 56 min
FEBI-IE-PO 10.7 GB 16 min

FEBI-SBR 2.0GB 6 min
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SBR+ Region: fikfill @ 0.5GHz

- B E 250 iKiK. I R R R
180-135 90 -45 0 45 90 135 180
. ERIREZIATIEIL2 S, O (deg)

1 task 16 cores

FEBI-IE 366 GB 40734
FEBI-PO 39.8 GB 24535

FEBI-SBR 2.04 GB 3o
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