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+ HFSS is a “design environment” enabling

an automated 3D EM-based design flow
+ design flow management with a familiar use model
+ parametric design database creation and editing
+ parametric data management and access

CAD ) ¢CAD
>(APD, Vinuqsp-,:.._e:t!:)'_::.; ; >Aﬁ%m[§;l;;?:e£ I
Ansoft Desktop

mCAD
(Pro/Engineer, etc)
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Pass band iris filter
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Co-Simulation System Model

Design Extraction

Circuit Design
Transient & Frequency
Domain

Co-Simulation Model

Extraction

FEA Based Component Design

Electromagnetics, Thermal, Mechanical

ANSOFT CORPORATION




Mo!el !r!er !e!uct!on

+ Fast Frequency Sweep

0 0
| /—\/\ m ) \/‘\ M
[ Three layers: .
= 20 L1: 10mm, £=9.8 Wide @ |
s T L2: 10mm, £=2.1, . - 4T .
= 1an=0.001 Bandwidth = [ Wide ABC
= L3: infinity, g=1 = : .
S 3 S ol Bandwidth 1
»n 7 I e
——S11 (fast [
40 (la sweep) -40 [ [ ——S11 (fast sweep) '
— — $11 (interp. sweep) | = :
L | — — S11 (interp. sweep) ; :
-50 IIIIIIIIIIIIIIIIIII -50 [
0 5 10 15 20 5 10 15 20

Frequency (GHz) Frequency (GHz)

B. Anderson, J. E. Bracken, J. B. Manges, G. Peng and Z. J. Cendes, "Full-Wave
analysis in SPICE via Model-Order Reduction”, IEEE Transactions on Microwave
Theory and Techniques, Vol. 52, No. 9, pp. 2314-2320, September 2004.
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Ansoft Designer Internal Build - [HFSS_Integration - ToplevelCircuit - Schematic]
™| File Edit VWiew Projeck Draw  Schematic  Circuit Tools  Window  Help
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ePhysics for Electromagnetic
Applications

HFSS
M high frequency

ePhysics:
- Thermal

- Stress
-CFD

Electric

ANSOFT CORPORATION




Higher Level Analysis

Geometry << CAD Level

Electro-
magnetics
Level

Maxwell HESS
(low frequency) high frequency

ySICS
al/St

Optimetrics:

< Multi-physics

Level

Parametrics/Optimization/Sensitivity Analysi




ePhysics ™ Functional Links

Magnetostatic
+ DC Conduction

Static Thermal

/N HFSS

r

Eddy Current

Transient Thermal

Static Thermal

™

Transient EM
+Rigid Body Motion

Elastostatic

Transient Thermal

Electrostatic

Elastostatic

ANSOFT CORPORATION




erma

1

IN:

ransient soiution

cometry (. sm3 from HFSS, use File/Open rather

than File/Import)

From HFSS

Material properties (thermal conductivity, specific

heat, mass density)

From ePhysics

Sources [(volumetric power loss density, superficial 2,3

power loss density, other non-electromagnetic sources)

Boundary conditions (prescribed temperature,

convection, radiation)

Solver setup (time step| HFR)S

esh]]

are necessary!
ermal mesh y

mapping) 4

OUT:

Temperature distribution (scalar)
Heat Flow (vector)

Executive parameters (average temp.,
hot spot temp., cold spot temp., locations)
Post processing macro results "

ANSOFT CORPORBATION




(coupled with thermal transient)

IN:

Geometry (already there, with origin in . sm3 from HFSS)

Material properties (Young’s modulus, Poisson’s ratio,

coefficient of thermal expansion)

Sources (temperature distribution, other non-thermal

sources)
Boundary conditions (displacement)

Solver setup (mesh, mapping)

OUT: (at user-selected time steps)

Displacement (vector)
Traction (vector)

Von Mises stress (vector)
Executive parameters (max von Mi
stress, max principal stress, etc.) /&

ANSOFT CORPORATION




!B ”!ermal |ran5|en!

G-1=q:(8)=h(89)(8-39)

pcd, 3 =-V.q+ Qv(\t,)_f)

G=-kV'& ﬂ —
R 0, (t)
\ Oy
initial condition \ ’

9(0,7) = 9, (%) \ -

ANSOFT CORPORATION




Initial (coarse)
thermal mesh

Adaptive
Refinement

Controls both
accuracy of thermal
solution AND accuracy
of power loss mapping

Loss Mapping

Thermal
RRPORBATION




Conduction

H=kA (TQ - 1);’L
{joules/second)

Cress Sectiongl Area s A
Pr—— 54

15 T

k = thermal conductivity - [Jis-m-C]

Convection

Natural .‘

Hnders
Hat water Cy

Cool water in

Forced

'-uw

ANSOFT CORPORATION

Radiation

AN

['l'&l'l‘lp-ﬂﬂluf& Tarmperatung

rises rises

rapidly slowly

LN
Lampblack-coated Silvar-coated
bleck block




Tw

| Boundary layer
/ Tf= (Tw + Tamb)/2

Vertical Wall

Tamb

h = h(Pr, Gr)

convection coefficient
depends on the temperature,
of the wall |

ANSOFT CORPORBATION




Sources

/

f:' Source t"' Eoundary Tharmal Load *
On solids
Talue |1|:| Watt
r' Solurce F Boundazrss
Surface Heat Load * On surfaces,
surface can be
between objects
Talue |a|:u:n:| Tatt m**2

ANSOFT CORPORATION




Boundary Conditions

i~ Source (% Eoundarsr

Temperature

'II Can be functional!

Value IEIII Cel=ius

. (temperature — dependent)
Can include radiation if needed!

F Source F Eoundarcy

Heat Trans=f

|4
e

Thermal Flux Den=ity = H*[TE

Heatr tran=fer cosf. [H] IJ.I:I

Watt/ Cel zius—m**E

Amb ient temparatur= [(TEMF_ &) IES

Cel=ius

" Fource % Eoundarsy

Conwection _FRadiation

I

g = C*[(TEMF-TEMF_A]* |TEMF-TEMF_A|**FEXF + FP*E*(TEMF**31-TEMF_E**1]

Conweacktion coafficiant [C]
A2mbieant Lemperatnuars [TE!-IF'_E:.]
Exponent [TEXF]

Badiatvion emi==iwvity (T

Badiation ref. t=np. [TE!-IP'_R]

|_1.z

W CEFALPHES m**Z

EE

Cal=in=

|0

|-:|-5|

|25

______

Cal=in=

ANSOFT CORPORATION



-geometry-

Frequency: 10 GHz Power flow

Operating power: 1 KW

>

_-" Port size:
U 1” by 0.5”

Ferrite component




Ferrite

........ . .

¥oung'=s Modulu= Il-19e+ﬂll
Poi==on'= Batio IEI.E
Thermal Expan=ion Ec:ef.lJ.E-CIIIIE

Thermal Condnctiwvitsr I&EE—'
"""" Ma=s Denzivy |L.05e+004 |
------- opecific Hegt F2F

Foung'= Hodulu= m—
Foi==on'= Eatio IIII?-'?—'
Thermal Expan=ion Eﬁtf-l.m

T

kglm+®2
Jiha K

B/ m**2

-materials-

Air

to exclude it from

ANSOFT CORPORATION

Nﬂte. specify zero
éfthermal conductivity
to exclude object from
thermal simulation;
zero Young’s modulus

stress simulation. 4




-

/ 2 horizontal faces

-thermal boundary conditions

4 vertical faces

facing “down”

3 side faces
of ferrite
component

|
(2 shown + 2 symmetric
on the other side) /

2 horizontal faces
facing “up”

convective & radiative boundary conditions
q = C*{TEMP-TEMP &) *|TEMP-TEMF A|**FEXP + P+E+(TEMF++4-TEMP R++4)

Comwection cosfficient (C) |lIZI T/ CH*ALPHA m*+E
imbient temperature [TEHP_A] |E-5 Cal=in=
Exponent |FEXP) [t

Badiation emissivity [F) |I:I.E55

Radiation ref. temp. (TEMP R) |E-5 Cel=ins

ANSOFT CORPORBATION

x =



-stress boundary condition-

/
\ /

bottom of circulator

_constrained with homogenous
/ displacement condition

{" Source (¢ EBEoundary

/ Displacement

|4

X walue 0
T owalue 0
2 walue |I:I

Note: ferrite block
is touching at both

ends the wave guide | .




-HFSS sources-

s Maxwell 3D "filter_real"

(=

Executive Cowmands |

Variahles | Mode 1

.+ Solve Setup

Solver:

Transient Thermal !l

[" Stress analysis Starting Mesh: Current jl Manual. .. |

[T Therral Sirulation

& ctatde © Tremsient
| Initional Condition:
Dramw...
* Value ISD
Zetup Materials... |
 Field

Setup Boundaries/Sources... |

Thermal Load Time: Il

Setup Execubtive Paramstera j|

¥ Adaptive Analysis

Profile | ‘

Solutions * |
-

Convergence |

Hf=z= Loszs: ImpDrt...l \ Me=h File:

|1.1.1 ator hf== files/dwd? =20 w25.cmeshf current_hyd

Wolumetric Lo=s=s Den=zity File:

|c:.-"eph}rs_tr:.ining'_febiﬂl:lf}.-" ferrite circulater hfs=

Use Write command
in HFSS post processor
after scaling to actual power

ANSOFT

CORPORATION

Setup Solution t| Surface Lo== Dan=it<w File:
Percent refinement per pass: " " B N
Solve 2| |c:.-"cph}r5_tra1n1ng_fc]:-EElI:l"}.-"fi::l::l:lt: circulator hfs= |
Stopping Criteria
Post Process !|
Hurab £ d B |2 q
r OF TRAGEES passes Duration of Lo=ss Effect: |lEI:II:I Tec
Percent |1
DE LCancel
—
Suggested Values 0 0
_Suapeshed Vs simulation
N
0SS .
gencel F“ | time
Help z| e
xik |




Model/Functions...
Menu Button

Hame

Value

Expression

FHI

2ET

data=et> I

TEMF
THET &

Do oo g Ao oo o
=]
=]

load

L= = R e R e [ e R = B [ e Ry e ]

pwlx (T, &, 5ET)

Tpdats=

Help. ..

244

Dal etz

loads)

Edit Dataset
File Edit Wiew Arrange Help

1 o |o

. 1 |100
2. |10 | 100
2. |u |zoo
5. |50 |zoa
&, |51 |50

7. 100 |50

)L .

=
15}

—
Save Az X
Ham= Expression
| e
P a .
om FHI o =
E o
3 o
T o
TEMF 200
THETA o
-3 x i —
ks o s
= A —
Select Hame
|=ET
T !

DE | LCancel |

Dataset

Assign

TFalu=

Thermal Load * |

. Define dataset and save
. Create & add function (load)

1
2
3. Enter load name as value
4

Assign to solid

ANSOFT CORPORATION



_Solve Setup e
U thermal model at t =0

Starting Me=h: Current #

Marnuaal ... |

HISS Lo==: Inport. ..

Initial Conditian:

f:' ifalu= IE,S

i Field

Temperature everywhere in the

Field initial condition = non-uniform
temperature distribution

Thermal Load Time: Il
\ Used in transient thermal mesh generation:

(instructs the adaptive process to consider
the combination of sources at specified time)

ANSOFT CORPORATION



Solution Setup

Solve Setup

Honlinear Tolerance: IIZI.IZIIIIE

Stress Analysis Time Steps

Time Step=

p Sawe Temperature Fields

1000
1z00
Tranziesnt Analy=is
Eemowe
Solution: | 3tart from time mers
% Comtinue prewvious =olution &dd Sweep...

Stop time: IlEIZIIZI mec
Initial Time Step: 0.0l =ec
Max immam Time Step: ISEI =eC Y
Stress &nalys=sis Time Steps: Setup... d/

Hew Time Steps: IIZI Add

I- U=a Macrao: I

Suggestad Values
[1):4 Cancel

oK Lancel Help

Stress setup

Starting Mesh: Thermal # | Marual ... |

Initial Temperature: |25 Cel=ius

I_ 2daptive Analy=i=
Percent refinement per pass: |20

Stopping Criteria

Humber of raquested passzes: (L0

Paercent error:

117

Thermal transient setup

Suggested Walues

OE Cancel | Help |

ANSOFT CORPORATION




QW mrz]
B oo0s
B o0a
B noerona
[

_4000et00d
_E000e+00d
Lonooetood
LE000e+004d

Lan00e+00d
-Z000e+003
_0000eto0d
_E000a+00d
_E000et00R
.ann0e+00d
-Z000e+003
_0000eto0d
-E000=+003
_E000etO0d
.ann0e+00d
_E000etOO0R
L0000e+00d

[ L L R R It G A ey,

.E000et00R [

-thermal results, field-

Heat flow distribution

att=1,200s

Temp[C]

L2TE0e+00L
_EEF0et00L
.Z619e+001
2549+001
F4TEH001
2407e+001
L2FRVet00L

R

EEdiet00l
Z77Za+001
L270le+00L
LEBElet0O0l
LESE0e+001
.2459e+001
_E41%e+001
LER4Ee+001

i fn 0 tn fn i dn fn dn dn fn dn i

Teanp[C]

T.442F=+001
T.22355=+001
T.22321e+001
T.1l27T=+001
T.0222e+001
E.316F=+001
E.81llc=+001
E.T06Z=+001
E.E005=+001
E.3353=+001
E.2900=+001
E.Z8dcet00l
E.179Z2=+001
E.073F=+001
S.9655=+001
S.G63Flet00l
S.T5MTe+00L
S.E5ZFet00L
S.5abde+001
S.dtloet00l
S.2262e+001

/

Temperature distribution at

t=1,200 s

ANSOFT CORPORATION

Power




-thermal results, exec param-

TEANE IENT THEEMAL DATAZ BESULTE
ePhysics "ferrite_circulator 1000

Objacts=:
Executive Commands
L | i metan Average Temperahre of Solid [ferritel vs Time
Bolwver: Transzient Thermal b ‘ - BR
i | "
[ Ztras= Bnaly=is E /-""
A0 E
Oramw. .. 'J E gL, E /
Setup Materials=. .. J w 50 E /
Betup Boundaries/Sources_ .. * | 'J / g 4% % / \
Ae:mal Value: - E/ \
fGetup Executive Parameters +# L\ P A0 E
erage Tempearatur § ;
. Hot Spot Temperatuz E E
Setup Selution * . 1 f
- Hotz Zpot X Coording =L
Hotz Spot ¥ Coordina \
2alve * \i Hotz Epot 2 Coording 10
— Cald Bpot Temperat:
Cold Spot X Coordir -
Post Process * Cald Spet T Coordir 955......... M M T
Cald 3pot 2 Coordir 0 1] 1300 EL0
Tine (5)
Show Coords Tiemw +*
% b =




Setup Executive Farametar= # d

-stress results-

Jetup Seoluticon

Solwre

Po=t Process

magnitude

W]

1.5492-005
1.7568«-005
1.6643=-005
1.5719=-005
1.4794«-005
1.2569«-005
1.z9452-005
1.2020e-005
1.1095«-005
1.0171e-005
z2afze-006
_221Ea-006
.29692-006
.ANZ2e-006
_53772-006
_E221a-00E
E355-006
L1N2Fe-006
.539Ze-006
.2afza-007
-0000+000

R

B
7
3
5
4
2.
4
1
El
L]

|

Post-Process Saved Fields
Time Direcktory
i
200 cut0.pit Po=t Procass
coo cutl.pit
L r3
a0 oukE _pit
1E0n out2 _pit Delete
+*
— Cancel
Help

| Deformation plots

Uim]

—l.lndi

£.56072-006
£.58172-006
5.3026e-006
E_02354-006
5.74952-006
5.4654e 006
5_1362a-006
4.90724-006 [
4. EZEZe-006
4. 3491e-005
.0701e-008
3.79102-006
3.5119e-006
3.z3z9a-006
2.95252-006
2.E7472-006
2.39574-006
2.11E62-006
1.53752-006
1.5565e-006

~006

vector

Scaled defor

ANSOFT CORPORATION




-stress results-

W[m]
1.549Z=-005
1.7565=-005
1.6642=-0035
1.5719=-0035
1.479d4e-005 VorMizes[H. ..
1.2569=-005
1.2945=-005
1. Z0&0e-0035 = S.0000e+00%7
1.1095=-0035 - T.6050e+007
1.0171=-005 - T.E100e+007
9.236Z=-008 G.§li0et+007
§.2E21lb6=-0086 G.gz00e+007
T.2969=-006 G.0z50et007
6 _47Z2e-006 S.6200e+007
5. 547=-008 S.Z250et007
F. 622 1e-00E8 = 3. §300e+007
2.69G5=-006 - 3. 3350e+007
Z.7T729e-006 - 3 0500e+007
- 2.6550et007
- F.E600e+007
Z.8650e+007
.26 5e-005 - Z.aT00e+007
LREETNe-005 - Z.0%E0e+007
LESEFe-005 1.6&00=+007
157 1e-005 l.2&50=+007
J1lTEe-005 S.9000=+005
.07 ge-005 4_9500a+005
1M 58e-008 1.0000a+005
_0MEe-006
L2M33e-0056

SES10=-005
L9SETe-005
_Z&a5.-006
SG6Ee-0056
LE5TF.-008
1395=-005
.33 13e-005
T321e-0056
.0243.-005
L2PE5.-005
LFEETe-007
-0000e+000

VYon Mises stress

OO b M T G G i Th Th WM




-what ifs!?... and whys?-

Model with 25 um air gap
4 between ferrite and wave guide

VYon Mises stress

Average Tanperature af Salid Dferritel ve Tine
. _ AN
. /

A \GI\
| (1




-what ifs!?... and whys?-

Model is kept at -50 °C,

5 no air gap above the ferrite

IRNCRNAR W ;
o
=

=es[H. ..

S.0000e+007
T.El00e+007
6_4Z00=+007
5_E200e+007
3. &400+007
3. 0500+007
F.ZE00+007
2.4700+007
1.6500+007
§.9000e+008
1.0000e+0085

Scaled deformation

T[]

2_9174e-005
2. ¢Z5Te-005
2.9239e-005
2.4422e-005
£.3504=-005
2_4557e-005
1.9670e-005
1.4752«-005
9.5245e-006
3. 3174e-006
0_0000et+000




-model data-

—> w18

Central frequency for thermal analysis: 400 MHz
Input power: 200 W

ANSOFT CORPORATION




“Non_structural” aluminum:

-materials-

Thermal Conduckiwvity
Ma=x= Dan=ityr

Jpecific Heat

|eat.5

W m—E

|2539

kgl m**2

951

Toung's Modalu=

I hg-K

|n

W/ %z

Poi=z=on'= Bartiao

Thermal Expansion Coef

|n.31

_|z_zzﬂ—nns

1/

Aluminum: for rods & housing
Non-structural aluminum: rest of the metallic
objects (to exclude them from stress analysis
but not from thermal analysis)

ANSOFT CORPORATION




-boundary conditions-

Thermal boundaries
Symmetry plane:
leave unconstrained =
= thermal flux tangent =
= adiabatic boundary
I

Stress boundary

— | Zero X, Y, Z displacement
on top face




Average Temperakre of Salid rodKll va T

-results-

Tewp[C]

1.1223=+002
1.1139et002
1.1020e+002
1.094le+002
1.08dZe+002

1.0644e+002
1.0525e+002
1.04496e+002
1.0246e+002
1.024%=+002
1.0146et002
1.0029=+002

9.950Ze+001
9.8511le+00l

9.7520a+001

el B\

\\
A

T[m]

Rty 3.8405e-004

3.64052-002
2.6483=-004
3.45642-004
2.264da-004
2.0724=-004
z.83022-004
£.6652e-004
z.49622-004
z.2023.-004 | | 0 = 14]
Z2.1122e=-004
L1 9202e-004 Thaeicl
1.7252e-004
1.52622-004
1.234922-002
1.1521e-00%
9.60122-00%
7.63092-005
S_TE0T7e=005
3.84052-005
1.9Z0Ze-0035
0.00002+000

2.0724=-004
2.68582=-004
2.2042e-004
1.9202=-004
1.5362=-004
1.1521=-004
T.E63092-005
2.84052-005
0.0000e+000

1l.0742e+002 |3
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HF (760 MHz) filters

ne-up pins

/

ut

Outer body temperature distribution

ANSOFT CORFPORATION




JIsurf[a/m]

1. BEEE: +E83

. 4375e+0E2

. B750e+A82

. 3125e+882
. 7S@Be+@E2Z
1875e+E82
. G258 +EE2
BE25e+EE2
. SBBRE +AE2
. 9375e+0E2
. 3758e+882
. B125e+AE82
. 25@Be+@AE2
. 6375e+0E82
1258 +@E2
1.5625e+E82
1. 6806 +E82

w

MOMOW W E E Mm@ W

Surface current density

distribution calculated by HFSS

(KW range)

Temp[C]

3.2555e+002
3.1394e+002
3.0230e+002
2. 9066e+002
Z.790Ze+002
2.8735e+002
2.5574e+002
Z.44lle+002
2.3247=+002
Z2.2083e+002
Z2.0919e+002
1.9755:+002
1.8591e+002
1.7427=+002
1. 6263e+002
1.5099e+002
1.3935e+002
L1.2771le+002
1.1607=+002
1.0445e+002
9.2795e+001
&.1156:+001
6.9517e+001
5.7877e+001
4. 6238:+001

Average Temperahure of Solid [querplattel vs Time

Avetone Temparahure Colsin}
A B
T

mE 1

Average temEerature of

o m Loy

Time (sl

=0

ANSOFT CORPORATION
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e

O

Very good match with experimental data!

ICrotec

¢ profile in a plane

Tenp[C]

UUUUUUUUUUU

O

eeeeeeeeee
99999999

)

———

L

s

Wave guide

i

w..:

#‘%

R
Fa
R
RN

MR

“hot spot”

containing the

Tl

Averoge Tesperahrs of SalidHeatsinkl vs Time

=76 m/s

Air velocity

Average heat-sink temperature

ANSOFT CORPORATION




Microtech Model

ANSOFT CORPORBATION



convection coefficient

-Calculate specific CFD numbers:

- Reynolds number
- Nusselt number

Laminar flow

Mixed flow

e

Fluid velocity
u .
—|Re=—~
Nu=0.664-Re’

Py if Re<5-10°

Nu:Pr°'333-(0.037-Re‘ —871) ifRex>5-10°

- Calculate convection coefficient H =




Metal ground planes & vias
imbedded in ceramic block

Average Temperature of Solid [Ceranic_Block] vs Time

Avortge Temperclure (Crliu)

strucuure in INCI

Tenp[C]

Top plane heated by
incident wave

5.3364e+001
5.3363e+001
5.3362e+001

5.3361e+001
5.3350e+001
5.3355e+001
5.3357e+001
5.3355e+001
5.3354e+001
5.3353e+001
5.3351e+001
5. 3350e+001
5.3349e+001
5.3346e+001
5.3346e+001
5.3345e+001
5.3344e+001
5.3342e+001
5.3341e+001
5.3340e+001
5.335%e+001

Temperature distribution
on ceramic block after 200 s

/"

—l-"—_'-'_'—_

5.3364e+001
5.3363e+001

45

/
/

5.3362e+001
5.3361le+001
5.3360e+001
5.3359e+001

40 F

5.3358e+001
5.3357e+001
5.3356e+001
5.3355e+001
5.3355e+001

5.3354e+001
5.3353e+001
5.3352e+001
5.3351le+001

5.3350e+001
5.3349e+001
5.3345e+001
5.3347e+001

Temperature distribution

5.3346e+001
5.3345e+001

on Cross section

Time (sl

2 k1) &£0
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T Microwave Heating

915 MIL, Industrial Size Applicator

Hol Spel Tenperafure (Celsius)
L

Mineral ore




¢CAD
(APD, Virtuoso, etc)

e Benefits o
ePhysics

HFSS provides an environment for
3D EM-based design flow automation

Ansoft Desktop

Design : . \\ Post
‘Capture >}Analys's >}-Pmcessing>

mCAD
(ProfEngineer, ete)

Virtual Prototyping reduces engineering time, speeds time to market

2o

HFSS uniquely provides assured accuracy for a broad set of
applications to complement the highest level of automation

Evaluate thermal and stress consequences of electromagnetic fields
with ePhysics

automated loop

ePhysics

Import Geometry Define Materials,
Boundaries, Ports

Plot Results ]
Simulate thermal

Draw _ _ Perform Analysis Examine Fields
Parameterized Setup Analysis and Optimization Simulate stress
Geometry and Optimization Export Results
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