shared by:www.cnantennas.com

‘ Inspiring Engineering

7 | FI/flAnsoft HFSS
W B R AR

Ansoft LLC, China
support@ansoft.com.cn

A

A subsidiary of ANSYS, Inc.

© 2008 Ansoft, LLC All rights reserved. Ansoft, LLC Proprietary

www.chantennas.com



shared by:www.cnantennas.com

Introduction \\\

ANSOFT

A subsidiary of ANSYS, Inc.

o REEMIEERARN H 0y

— REHIAHNL L *4‘#5&5’]1‘%@. KPR S H I R I
ER TR e o, HLARAAAL STy — BRI,
IZERIHTERO RN iR 2R 5 &ﬁUFHuEP»u

— WK, REZERN % LT b
KRGS, £ 7 i s

HPRG SE@)e, M o T e

%ﬁ“ﬁmﬁ(ﬁ%ﬁ ST P

B) , KEOHNE | | L T 0

: | 1
y ] N \ \ \
' : \\ \ * \\ \\ ll
\ \
SAIEIVEIEL DA SIS S S ) o
\ \ \\ S - #
\\ S r, ,
N ~ /
~_

—
e e e =

- -

Inspiring Engineering
© 2008 Ansoft, LLC All rights reserved.

Ansoft, LLC Proprietary
www.chantennas.com



shared by:www.cnantennas.com

Introduction \\\

‘fdilii;?‘;f ﬁtl":l:‘;'r\"g . Inc.
o SRR AL R N
— JAT AT PASE RO FELRZE B R S RO ARASE O AL ) S5
S
— £ LRI N T, B R ZR AR Hh O AT B
X: anE AR TRIA S v ECH e AN B BRI AR GE LA
S THT R 26 1) 1 =5

Inspiring Engineering
© 2008 Ansoft, LLC All rights reserved. Ansoft, LLC Proprietary

www.chantennas.com



shared by:www.cnantennas.com

Calculating the Antenna Phase Center m\})\n

A subsidiary of ANSYS, Inc.

o TATITLLE L E ARSI IR, 19 ORGSR
3/[_)[5]"]/‘/&1:—‘]40

o MAZYIERRE A, 15 RIMERFAHIRIL AN

L'-;p[— jk-(r—r']

|‘1'.
dr
4 T|l —T |

(1) )=[Jr)

o XJUTRE (LD EEEA KA RPEATIR7r, Al LIS 2]l
37 1) 2R IE 20N

(2) E(l) - léEn' ('9 '?"il} + ¢E¢-1 ('9 '?ﬁ)JﬂxP[_ Jk- (l‘ — T, )]

o WHEJIRE (2) P, RIiE TSRO AL L SARFR

Inspiring Engineering
© 2008 Ansoft, LLC All rights reserved. Ansoft, LLC Proprietary

www.chantennas.com



shared by:www.cnantennas.com

Calculating the Antenna Phase Center M\})\Fr

A subsidiary of ANSYS, Inc.

o WERJTFE (2) AT EAR S ORI, AR
LLor i sgrfix, y, zor&.

o XFTHIIEGHIAMAL, F]LLERIRY PO0.0)=k 1, +1¥,

o (EEFMFRR T, JRr T L RN f =kt o

o (Ex-z V1, HEIHEIg AR 7] LA R A

(3) W(0)=k-[x,sin@+z, cos O]+,

Inspiring Engineering
© 2008 Ansoft, LLC All rights reserved. Ansoft, LLC Proprietary

www.chantennas.com



shared by:www.cnantennas.com

Calculating the Antenna Phase Center m\})\n

A subsidiary of ANSYS, Inc.

o« XN (3) Elﬁz%EWi [H]3felcos 0 , FHXF 0 ZE0% n

PIye B N AT, T = AR EAR R, JH S T
XA o0&, 15935282

(4) jlp(@)m&m jf - cos’ 6dO = kz,

o KU Eik, Fnhk=2 nflc, Hrbc & HBAEMG
H, R RE&N TR, A1) IS 2z RiA N

(5) 7, =2 j W (6)cos 616
T ]L'::'

o I, JEIIHFSSHITHA, FRATnT LUAG H L AR AL
w(o), AT (5) , whnl BURAE trf)z 5 i) 73
2, BRSO A AR B o

Inspiring Engineering
8 Ansoft, LLC All rights reserved. Ansoft, LLC Proprietary

T
2

www.chantennas.com



shared by:www.cnantennas.com

Calculating the Antenna Phase Center N&\H

A subsidiary of ANSYS, Inc.

o Mz ITIEIREL,  FATTAT Loy 45 H ro R xo Ay 7
HIZRIA =, WA T IREREERARNT 0 S5 AL B

Component Range Function Result
X0 O<op<m cos@
X, =
]
T 1‘
Yo -2 <9< sing . A
/2 Vo = — J“P sin ¢d ¢
T’ f Y
20 0<B<m cosd {ﬂ
Zy = j Y coslde
T°f
Inspiring Engineering
© 2008 Ansoft, LLC All rights reserved. Ansoft, LLC Proprietary

www.chantennas.com



shared by:www.cnantennas.com

Example: Dipole Antenna M\})\H

A subsidiary of ANSYS, Inc.

FEHFSS @SN B B 7s BRI 1 R AR A, LU UE i AR
2 SRR AL RO I AERF 1

— B R s CERGHEAL L) BCE (2mm, -3mm, 15mm) 4k

— HLumped Port}Jil

— W B Perfect Matched Layerf UL T 15 i) = [H]

— AT S A .

L
Solution Setup PML on outer surface
eeeeee | Options | kdwanced | Dafaslts |
Satup Hame [Fetapt
; |v Enabled [ Selve Portz Onl
( Solation Fremensfit  [o =] A E
N Adaptive Solutions
S Wasximom Yomber of 16
& Maximum Delta S 0.01 1
(" Vse Matriz Convergence = I
g1 | P
uuuuuuuuuu J— A
S )
s | re=(2 mm, -3 mm, 15 mm)
)
\
\

Eyi_l% / _\
Y

Inspiring Engineering
Ansoft, LLC Proprietary

© 2008 Ansoft, LLC All rights reserved.

www.chantennas.com



shared by:www.cnantennas.com

Example: Dipole Antenna M\%\H

A subsidiary of ANSYS, Inc.

o HAEBMASRE, FHS11h4, e R4 IERME

— W WELS11HhZ:, #iEiZDipole Antennai5 ks L e 4.5GHz, A PR e %40
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y T @ Ansoft Corporation sl1 dipole_pml
o s = o | 0 Curve Info
Sweep Name: [Sweepﬂ v Enabled —— dB(S(PL,P1))
— Setupl : Sweepl
Swieep Tppe: Interpolating I | _ 4 5 G H Z
Frequency Setup SR - |
Tope: LinearStep = ] 4GiH=
Start E |GHz -] i 1 [ [a6H:
Stop |GH ﬂ _315I3Hz -5 —
3.2GHz
StepSee  [0.05 [6Hz  ~] [2256H: -
EEEE: = i
v z
—
— -
%2}
Time Domain Calculation... *
Interpalating Sweep Options DC Extrapalation Optiong -10 —
Max Solutions: ED |{Eizaoii=taliE | *
Ernor Tolerance: 06 24 T
Advance d Opt n
)
e — B T S S s E e o B e e o L B e e e e o LA BN AN s S pes s s s e
s 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
Freq [GHZ]
MX1: 4.5000
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o FEIEIRAIAE S (4.5GHz) Whi— ANk’ E (Single Points)

‘Il. rie LAy
Edit Sweep ? :
Inzert Far Field Setup 4 Infinite Sphere. ..
Sweep Mame:  |disc ¥ Enabled | Definition I
Insert Hear Field Setup 4 | o=
Sweep Type: Discrete hd Antenna Array Setup. .. ‘ B
Fi Set
MR SR Frequency | Save Fields|
: Far Field Radiation Sphere Setu b4
Type: SinglePoints - - 486Hz ] |7 ...... 2 = s 25
Infinite Sph i iati
Sl ’45— m [ nfinite sphere ]Coordlnate System ] Radiation Surface ]
Q Hame |xY_for_x
Delete
Phi
IV Save Fields [2ll Frequencies]
Star .25 [dtee x|
Stop 172,75 |22 =]
Time Domain Calculation... | Step Siz |D- 25 |de€ ﬂ
Interpolating Sweep Options [T Extrapolation Options
Theta
,7 |—
T [ere =] Star [0 [tee =]
Stop |9l3 | dag ﬂ
| Step Siz [10 lieg =]
Save hs Defaults | iew Sweep Foints. . |
()8 | Cancel
BE mE | =m |

o WNINZEIZHFR % E (Radiation = Insert Far Field Setup >
Infinite Sphere)
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o ZMEUIN W BRI KL, 5 H TR A L
X, y, Z2B AR

Component | Start Angle | End Angle Step Constant | Setup Name

X @=0.25° ¢=179.25° A@=0.25° 6=90° “xy_for_x"

-

y ¢=-89.75° ¢=89.75° A@=0.25° 6=90° “xy_for_y

zZ 6=0.25° 6=179.75° AE=0.25° ¢=0° “xz_for_z”

e - :]
o - - Far Field Radiation Sphere Setup Far Field Radiation Sphere Setup #%||| Far Field Radiation Sphere Setup
% Field Owverlays Infinite Sphers |Coordinate System | Badiation Surface | Infinite Sphere | Coordinate Systen | Radiation Surface | Infinits Sphere |Coordinate Systen | Badiation Surfacs |
= ? Radiation
ey xy_for =z Hame iy _Eor Hane [ for Fane  [GLforsd
s xy_for_v Phi Phi Fhi
o wz_for_z Star [o.25 [2ee -] Star [89.75 [¢2e =] Star o [a2e =]
+-|_] Definitions Siep |[ENE ldee x| Step [.TS [:e ] Stp o [tz =]
Step Siz [0.25 [e =] Step Siz [0.25 [i2z =] Step Siz |10 [tz x|
Theta Theta Theta
Star [a0 [¢ee -] Star [an [a =] Star [o.25 [tee =]
Stop [an |42 x| Stop ] [42¢ k| Step [t7a. 75 [deg B3|
Step Siz |10 [22e =] Step iz |10 [i2z =] Step Siz [0.25 [gee =]
Save ks Defaults | iew Sweep Foints | Save As Defaults | iew Sweep Foints.. | Save As Iefaults |  Gew Sweep Foints |
- A - . . = = § TE il FEED
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o Lt FEResults > Create Far Fields Report - Data
Table

— SolutioniE £ 4 Setupl: disc, XV 4.5GHz

— Geometryii#xz_for_zH T+ & AN H0 Rz AR FR

— WEYRARXN:
Integ(cang_deg(rETheta)*cO/(pi"2*4.5E9)*cos(Theta))

Il Report: dipole_for_phase_center_w2 — dipole_pml - phase_center_z — New Trace(s)
Context Trace |Familiss |
| ol
——
. linteqgicang_deg{rETheta)*c0f{pi~2*4,50E9 *cos(Theta)) >
teq over Theta sweep
Category Quantity:| Funck
ariables tETotsdl — l<none> -
CQutput Variables rEPhi abs
E tEThet. acos
G YEX acosh
Direckivity rEY ang_deg
Realized Gai tEZ ang_rad
Polarization Rati tELHCP asin
Azxial Ratio tERHCP asinh
Antenna Params rEL3X atan
Desig rEL3Y atanh
oos
cosh
db
dE10normal lize
Update Report dBz0onormal lize:
deriv
¥ Real time FvAn .
Qukput Variables. .. | Options. .. | Mew Report | | Add Trace | Close
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o [FJIH, ZMZ PRI AEAL TR O AR BR R TA S,
Ay 7 ) AL HR Oy AR BRFEIE 2 4 2
— Geometry/y il i B Axy_for_xAlixy_for_y
— YRIE AT WA N
Integ(cang_deg(rETheta)*cO/(pi*2*4.5E9)*cos(Phi))
Integ(cang_deg(rETheta)*cO/(pi"2*4.5E9)*sin(Phi))

Il Report: dipole for phase center v2 — dipole pml — phase center = — New Irace(s)

Conkext Trace lFamilies ]
Solution: |Setup1 : disc j ey |Theta ﬂ |F'.II J
3 Ery
sometry: |xy_for_x Bl 1 [inteqgicang_deq(rEThetal*cnf(pi~2*4 5E9)*cos(Phil) Fu%?llz-ilglf
inkeg over Phi sweep

Il Report: dipole for phase center v? — dipole pml — phase center ¥y — Hew Trace(s)

Conkext Trace lFarniliEE ]

Salution; |SEtL||:|1 disc j 5 |T|'IE|:EI j ||':'|" ﬂ

Geometry; |><\y_|“|:|r_\)f j

Y |ir|l:egl{cang_deg{rETheta]l*cD,fl{pi’\z*"r.SEEI}*sin(F‘hi]l]l u%?rilgs

inkeq over Phi sweep
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o OEAMHIEIESIRE AR, R 22 R 2855

AL L Xy, z28%5, SERWTE CRALN A

inteq(cang_deg(iE Theta]*c0/(pi"2*4. BE 9 coszPhi)) inteq(cang_deg(iE Thetal"c0/pi"2"4. 5E 9 zin[Phi])
Theta [deq] Freq="4.5GHz" |="30mm' r_dipole="0.5mm' Theta [deq] Freq="4.5GHz" [="30mm' r_dipole="0.5mm'
Setupl ; disc Setupl : disc
I | 90000000 00019792 I | 90000000 -0.0029641
inteq(cang_deg(tE Theta]"c0/(pi"2*4. B0E A coz(T heta))
Fhi [deq] Freq="4.5GHz" I="30mm' r_dipole="05mm'
Setupl ; disc
I | 0.000000 0.0149360

A 12018 1Z45) + [ Dipole AntennaF &5 R AH A7 HH CaAF
(2mm, -3mm, 15mm) &b, ¥fvh5E g RRIBS 25 B X)
tban

Component Numerical Value | Exact Value | Error
Xo 1.9792 mm 2 mm 1.04%
Yo -2.9641 mm -3 mm 1.20%
70 14.936 mm 15 mm 0.43%
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1% 515 Rt
m /[L\ o

~HFSSHE

— XHPML (Perfect Matched Layer) #LtRadiationiZi i 414 GE 1% IK15 4T

P S ARG

— REHFSSH)RARIE AR [ B

Converged Passes = 2)

?Eﬁxjﬂﬁxmﬂziﬁﬁm M (F
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* Floquet port solution in HFSS provides technique
for modeling unit cells of infinite periodic
structures such as phased arrays

— No restriction on maximum scan angle

— Replaces PML or radiation boundary on
upper surface of array unit cell model

 Example unit cell model shown for dual-mode
circular waveguide phased array

— Calculated axial ratio versus scan angle

Two Orthogéﬁ"anodes on Floquet Port on Top
Wave Port Surface of Unit Cell

Inspiring Engineering
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Periodic Boundaries on
Sidewalls of Unit Cell
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» Relative coordinate system created using scan angle local variables

— Forces 6=0° , $=0° direction of this coordinate system to coincide with current scan angle
for each calculation in parametric sweep (i.e., to “track” the scan angle)

e Created using Modeler — Coordinate System — Create — Relative CS — Rotated

» Relative coordinate system will be specified for far-field radiation sphere used in
parametric sweep over scan angle

' . . T . ~~|
Properties: circular_wg_array_relativeCS_follows_scan - HFSSDesign1 - Modeler
Coord System |
Mame | Value | Unit | Evaluatad Val...
Type Relative
| Mame follows_scan_angle
Reference CS | Global
Origin 0,00 mil Omil, Omil , Omil
X Axis cos(theta_scan)*cos(phi_scan) .cos(theta_scan)*sin(phi_scan) .-sin(theta_scan) 1.0.-0
Y Point -cos(theta_scan)*sin(phi_scan) .cos(theta_scan)*cos(phi_scan) .0 0.1.0
< >
[~ Show Hidden
OK | Cancel
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Create Far-field Sphere

o Set theta and phi to (0,0) for far-field radiation sphere
e Created using HFSS — Radiation — Insert Far Field Setup — Infinite Sphere
» Specify use of local coordinate system which tracks scan angle

A

ANSOFT

A subsidiary of ANSYS, Inc.

. i ~ . P 7
Far Field Radiation Sphere Setup X Far Field Radiation Sphere Setup A
l Coordinate System ] Radiation Surface ] Infinite Sphere[5"é.a-a?a.i-ﬁaféuég;é{é..';ﬁ"él]?adiation Surface l
Name |Inﬂnite Spherel (" Use global coordinate system
Phi (@ Use local coordinate system
E |D |deg ﬂ Choose from existing coordinate systems...
Stop |D |deg ﬂ follows_scan_angle ﬂ
Step Size |1D |c|eg ﬂ
MNote:
Theta In order to define local coordinate systems go
through the main menu: '3DModeler’ ->
Start |D |deg ﬂ 'Coordinate System' ->'Create’
Stop |D |c|eg ﬂ
Step Size |1D |c|eg ﬂ
Save As Defaults ‘ Wiew Sweep Points... ‘
OK | Cancel ‘ Help ‘ 0K | Help
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Specify Source Excitations N}})\n

A subsidiary of ANSYS, Inc.

* Accessed using HFSS — Fields— Edit Sources
» Specify sources such that desired circular polarized wave is generated by array wave

port modes
Edit Sources X
= Source | Type | Solved hMagnitude | Solved Phase | Scaling Factor I Oftset Phase I I nit |
| F11 Fort 14y 0deg 1 0 deg
| Rl Faort 14 0 deg 1 30 deg
R Faort 1y 0deg 0 0 deg
_|EEEE Faort 14 0 deg 0 0 deg
R Faort 14y 0 deg 0 0 deg
| EEE Fart 14 0 deg il 0 deg

Inspiring Engineering
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« Parametric sweep provides efficient method to calculate far-field quantities vs
scan angle

 Created using HFSS — Optimetrics Analysis — Add Parametric
-J» and verified using Table tab

| Setup Sweep Analysis

Sweep Definitions Table] General | Calculations | Options I
Sync#| Yariable | Description A |

dd...
theta_scan Linear Step from Odeg to 50deq, step=5deg -
l Edit. || 1
Delete

Setup Sweep Analysis

Sweep DeﬁmhorE Table gewmahcns | Options |

Add/Edit Sweep

i | theta_scan | Add
T — “ariable | Description | 1 Odeg
i thet
Wariable | EIEL_3C00 ﬂ theta_scan Linear Step from Odeq to 50deq, step=bdeg 2 |bdeg
3 |10deg
(" Single value 4 |15deg
@ Linear step 5. |2dag
—~ Add >> 6 25deg
" Linear count 7 |30deg
(" Decade count > § |35deg
(" Octave count ?D jgjeg
45deg
(" Exponential count 11 |50deg
Start. |0 [deg j 4
Stop: !ED !deg ﬂ

Step: |5 [de ~ |
2 |9eg J oK | Cancel oK | Cancel
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Parametric Sweep Setu &
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°

Desired far-field quantities such as axial ratio entered using Calculations tab
Make certain that far-field sphere which tracks array scan direction is specified

Setup Sweep Analysis
Sweep Definitions | Table | Genera Calculations [[Options | Setup Sweep Analysis X
z - i Calculati |
| Bolidion | Calthishon Sweep Deﬁnmunsl Tah\e} General Calculations |Opl\una |
| Solution | Caleulation | Calc. Context | Caleulation Range |
Setup : LastAdaptive dB(AxialRatioValue) Infinite Sphere1 Theta(0deq),Phi{0deqg),Freq(5GHz)
( 1 ) Delete
N S
CK Cancel
l Setup Calculations... |I ] A
== Add/Edit Calcfati 3
it Calctfation X
SOk Trace | Calculation Range |
Report Far Fields v T : Range
Type: | J Calculation Expression : |mag(umalRatlct-’all.le,: Fu_nctign
Solution: |Setup1 : LastAdaptive w
Category: Quantity: Function:
Geometry:} | Infinite Sphere1 ﬂ |‘.fariables ~ | |AxialRatioValue de ~
Output Variables dB1l0normalize
IE dB20normalize
Gain im
Directivity mag
Realized Gain normalize
Polarization Ratio re v
Axial Ratio = P >
Bistatic RCS
. Output Variables... Add Calculation | @ @ Done |]|
Inspil ——— _
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Parametric Sweep Setu N}})\H
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» If desired, enable option to save field solutions and mesh for each scan angle
— Not required to calculate far-field quantities during parametric sweep

Do not enable option to copy geometrically equivalent meshes since this method disallows this
option (relative coordinate system “Y point” is considered geometry variable)

W

Setup Sweep Analysis b S
Sweep Definitions | Table | General | Calculation
[+ Save Fields And Mesh
| Copy geometrically equivalent meshes
Cancel
nirine Fnoineerino
Inspiring Engineering
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Parametric Sweep Results M\%\H
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* Accessed using HFSS — Optimetrics Analysis — Optimetrics Results
e Axial ratio vs scan angle can be exported in various formats (.csv, .tab, etc.)

_ s s IV
— Post Analysis Display E]@ A
ParametricSetup =l Tl Post Analysis Display M [=] X
Result lProﬁIe l |ParametricSstupl L‘ Qf
. Result ‘Proﬁle |
Yiew. (@ Table | Showcomplete output name
View: (* Table ‘
" Plot @ Plot % [theta_scan ~| v [Beup! - Lastadapive - magisialReatiovalus) Theta(ideg_~ |
“ariati |theta_scan |mag(AxiaIRatiDValue): | Export.. 05 Jun 2008 Ansoft Carporation 22:45:22

1 ldeg 1.00303167167214
2 hdeg 1.007011494861645
3 10deq 1.02785706526558
4 15ceq 1.08806541534313
] 20cleqg 1.26156204608471
G 25cleq 1.48632679064577
7
i
9
1
1

: 7

=~

30deqg 1.26646310535063
Jhdeg 119955973341 281
4ldeq 1.15999242805456
45cleq 1.14156336296949
hldeg 1.13012574592701

mag(AxialRatioValue)
w
Il

L]

=

1

XY:-6.71.3

o ﬂl\'eta_scan [dé!g] B Lo

Close

Close
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Thanks!
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