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A Glimpse into Multiphysic-Analyses
using
CST STUDIO SUITE™

Accounting for thermal heating effects and mechanical
deformation in the electrical design

CST

IE



The Motivation ...

EM-field computation

Thermal

analysis @

Stress analysis /
deformation

EM-properties of deformed geometry
can be fed into sensitivity analysis




CST MPHYSICS STUDIO™

EuMW 2010

= Thermal Simulation

= Mechanical Stress Simulation

g Create a new project /\

DE =

C5T CSTEM STUDIO  CST PARTICLE

Kl

CST MPHYSICS
MICROWAWE STUDIO STUDIO
STUDIO
= A
== e = Eil
CST DESIGM CST PCE STUDIO CS5T CAELE C5T
STUDIO STUDIO MICROSTRIFES
S-Parameter Magrituide
st
|9:,1
A
IS(
i M
650 700 750 800 850

Frequency / MHz

-

Courtesy of Spinner GmbH, Germany




o
=
]
N
=)
=
3
w

Online Demo
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EuMW 2010

Example : 2-Post Bandpass Filter

B CST MICROWAVE STUDIO® i ©
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1D Results > |S| dB

Tchebychev Filter Corresponding coupling coefficients in MHz / (rel):
k_E =11,14 (0,0195413)

Order = k1_2 =11,69 (0,0205021)

Bandwidth = 5 MHz k_out = 11,14 (0,0195413)

Center Frequency = 570 MHz

Passband ripple = 0,01 dB (1,100747 VSWR) Group Delay Time

Return loss =-26,3828dB @@= e
t_d1=57,153 ns

Normed g values: t_d2 =51,922 ns

------------------------------------------- t_d3=0, ns

g1 = 0,4489
g2 = 0,4078

,igaomv\agmmde in dB
-2 -0.010075 -
g3 = 1,1008 —

51,1
S2,1

d=26.5¢

_20 1
-26.571 /
e S ERTRT: EETIERRERERRE U 1 e N
= N SR O Y Ot S SO SO
-37.84
0.54373 0.55 0.56 0.56699 0 0.57 166 0.58 0.59 0.60232
Frequency § GH.
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Power Loss Dens. > loss (f=0.575)

wim"3

Inside plot
862

292
123
1.3
21.1
.41
3.85
a.786

Power Loss Density {(rms)
loss (F=8.575)

Type

Mximum-3D
Frequency 8.575
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Power Loss Dens. > loss (f=0.575)

wim"3
1908

G4 4
27 .1
11.3
466
1.85
a.671
a.173

Type Power Loss Density {(rms) 11
—— : ¥

HMonito loss {(f=8_.575)

Mximum-2D
Frequency




Current Density (f=0.575)
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Inside plot

Type
Monitor
Abs
Mximum-3D
Frequency 8.575
Amplitude Plot
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Export the Thermal losses
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Ej c5T MICROWAVYE STUD: [2post_em_norm etra] —=] =]
File Edit View 'WCS Curves Objects Mesh Salve sultsi Macros  Window Help )
& | =l | (R
T ———— 10 Plot ptions
\ s
| Plot Properties. .. | | ‘
S g+ R |
Mavigation Tree - x| _1 . > 2D Fields on 2D Plane
i+ L Excitation Signals =1 LEr 20 Fields on Selacted Shapss Only Asn~2
-G Field Manitars
g Voltage Monitors 1.71e6
m Probes Animate Fields UMSCHALT+4
g Mesh Control e— 5.80e5
-2 10 Results
B3 151 linear Resulk Plot List. .. 2.44e5
[ 1518 Owerlary Multipls Plaks 1.82e5
3 argls) N
3 S polar S-Parameter Calculations 531918
[E3 Smith Chart Time Signal Calculations s
3 Al 5-Parameters Loss and G Calculatian. ..
g Eda'an_cT Thermal Loss Calculation Settings |
atenials
E Port Infarmation SAR Calculation. ..
3 Corvergence SombipelResulely Conzider zurface lozses on boundaries
3 Adaptive Meshing Evaluate Fields Calzulate
B[ 2D/3D Results s Template Based Postprocessing, .. UMSCHALT+F - - -
£ Port Modes [T =min [ =max I vmin I *rmax [T Zmin [T Zmaz
3 E-Field Mebworl Parameter Extraction Eancel |
-3 HeFisld [ Caleulate Thermal Losses. ..
[F3 Surface Cunent Electrical Connections
£3 hefisid (F=0.56] [1] 1l 5 I el
£ hefield (=0.575) 1] view Logles Default conduchivity for PEC:  |5.8e7 p |
& Curent Density Tyr Delste Results
£ cument [f=0.58] [1] .
Monitor current (f=8.575) .
= ¢ [f=0.575) [1
£ curent | 1011 Fereni: abe ¥ Export selected losses only:
Haximum-30  1.71896e+086 A/N"2 at 2.43279 -
b Active | Source Mame | Fra. [GHz] *l
requency B.575
t: E‘;fmal Amplitude Plot = Frequetncy Domain: S-Farameter [F=5, 75e+002 1[1]] 0575
Tangeritial 2% spost_mech_normal_m... (2] Zpost_mech_normal_m... | ke 2posl P _
£ Pomer Loss Dens aic | - Frequency Domair: S-Parameter [f=5. 6e+008 1[1]] 0.5
[ Surface Power Loss Dens. % [ Tams [alee Description
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[ Tables g | Pui_souping
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2) Thermal Solver

Import the losses from EM FD
]

W Active

Lack ir: |b P uliP Ry sics -

zpost_1_em_normal_rmat_tetra_1
zpost_z_therm_

Zpost_1_em_normal_mat_tetra_1.csk \ Froject:
> I2p:-$t_em_n|:|rmaI_mat_tetra LI [T Use local copy

Zpost_Z_therm_.csk

— Source field zettings

Source field:
IFrequenc:_l,l Diomain: S-Parameter [f=5. 75e+003 1[1]] ;I

— Source parameters
Frequency:
10575

[+ Consider electic volume loszes

. [T | Consider magnetic volume losses
Power zcaling Factor:

_ 5000

[T Consider surface losses

Specials... Help
z
Hd
Type Low Frequency Hesh %x=8 y=-52_281 z=124 .78
ix=8 iy=32 iz=53

Heshplane at = A { Index= 8 )




Thermal boundaries

Thermal boundaries Thermal volume losses as source

Boundary Coni

ns x|

Boundaries | Symmetry Planes  Thermal Boundaries | Boundary Temperature |

i [adate @ =0 =] mas [adebatiodd =01 =]
*rin: | adiabatic (40 = 0] x| max: [adisbatic (40 = 0) =1
Zmir: [open | Zmaw [isothemal (T = const] = |
Oper Boundan. p
ok | camcal | Hem |
Type Loss Density x
&2 Maximum-30 314239 W/m°3 at 1.93333 / -108 / 90.1667
¢ ey o~
Source Field Power Factor 101
Source Field Frequency 0.575 6Nz

K w2
IN67h
377.8 9529
876.9 nao?
876.1 1881
375.4 700
374.6
373.9 207
373.1 112
372.8 a8.9
371.6 7.92
370.8 o
3696
Type b - T . .
= Plane [ Lo e - -y
Haxinu AN67H.1 W/MT2 at -5.77677e-012 / 115 / 9K.0938 .

Tupe Temperature
Maximum-3D  377.861 K at -5_77677e-012 / 67 / 8u._06u2
Frequency 8
Source Field Power Factor 18008

Source Field Frequency 0.575 EHz

Source |Field Power Factor 10000

Source Field Frequency _  0.575 GHz

Temperature Heat flow
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http://www.engineeringtoolbox.com/young-modulus-d_417.html

Strain To describe elastic properties of linear objects like wires. rods. or columns which are stretched or compressed, a convenient
parameter is the ratio of the stress to the strain. a parameter called the "Young's modulus” or "Modulus of Elasticity” of the
material. Young's modulus can be used to predict the elongation or compression of an object as long as the stress is less
than the yield strength of the material

Strain can be expressed as

L
strain = dlL /L (1) Young's Modulus (Modulus of Ultimate Tensile )
Elasticity) Strength Yield Strength
i Material _E- _g, - - Sy -
Witerns Y & 2
c 5., 2 - (10° N/m®, MPa)
(10° psi) (10° n/m®, GPa)  (10° NAm?, MPa)
strain = (m/my) (inin) ABS plastics 23 40
. - . : Acrylic 32 70
dL = elongation or compression (offsel) of the object (m) (in) Aluminum 100 GO 110 o5
_ E . Antimony 11.3
L = length of the object (m) (in) Berylium 42
Bismuth 46
Stress 170
Bone 9 (compression)
Stress can be expressed as Boron 3100
_ Brasses 100 -125 250
stress = F /A (2 Bronzes 100 - 125
Cadmium 46
wihere -
Carbon Fiber
2 2 i Reinforced 150
stress = (N/m*) (164", psi) Plastic
Cast lron 4.5% 170
F = force (M) (iG] C. ASTM A-48
Chromium 36
A = area of object (m°) (in®) Cobalt 30
Concrete, High 40
' i Strength 30
Young's Modulus (Tensile Modulus) (compression) (compression)
§ . c 17 220 70
Young's modulus or Tensile modulus can be expressed as -opper
Diamond 1.050 - 1,200
E = stress / strain = (F/A) /7 {dL /L) (3 Douglas fir Wood 13 50

(compression)

Steel. Structural
ASTM-A3E6

1 GPa = 1kN/mm?2

- 1 NAMZ = 1x10°° N/mm=® = 1 Pa = 1.4504x10°% psi
- 1 psi (IbAN°) = 144 psf (lbg°) = 6,894.8 Pa (N/m~) = 6.895x10°° N/mm™

where 200

E = Young's modulus (N/m°) (1b4ne, psi) G=£. E




Poisson's ratio

From Wikipedia, the free encyclopedia

Poisson's ratio (v}, named after Siméon Poissan, is the ratio, when a sample object is stretched, of the contraction or transverse strain (perpendicular
to the applied load). to the extension or axial strain (in the direction of the applied load).

When a sample cube of a material is stretched in one direction, it tends to contract (or occasionally, expand) in the other two directions perpendicular to
the direction of stretch. Conversely, when a sample of material is compressed in one direction, it tends to expand (or rarely, contract) in the other two
directions. This phenomenon is called the Poisson effect. Poisson's ratio v (nu) is a measure of the Poisson effect.

The Poisson’s ratio of a stable, isotropic, linear elastic material cannot be less than —1.0 nor greater than 0.5 due to the requirement that the elastic
modulus, the shear modulus and bulk modulus have positive values 'L Most materials have Poisson's ratio values ranging between 0.0 and 0.5. A
perfectly incompressible material deformed elastically at small strains would have a Poisson's ratio of exactly 0.5. Most steels and rigid polymers when
used within their design limits (before yield) exhibit values of about 0.3, increasing to 0.5 for post-yield deformation (which occurs largely at constant
volume.) Rubber has a Poisson ratio of nearly 0.5. Cork’s Poisson ratio is close to 0: showing very little lateral expansion when compressed. Some
materials, mostly polymer foams, have a negative Poisson's ratio; if these auxetic materials are stretched in one direction, they become thicker in
perpendicular directions. While anisotropic materials can as well have Poisson ratios in some directions above 0.5,

Assuming that the material is compressed along the axial direction:

Etrans Ex
V= —— = ——
Eaxial Ey

where

w is the resulting Poisson’s ratio,
Etrans 15 transverse strain (negative for axial tension, positive for axial compression)
Zaxial is axial strain (positive for axial tension, negative for axial compression).

material [+ |poisson's ratio

rubber ~ 0.50
gold 042

steel 0.27-0.30
saturated clay | 0.40-0.50

) cast iron 0.21-0.26

rmagnesium 0.35
o sand 0.20-0.45
titanium 0.34

concrete 020
copper 0.33

I 0.158-0.3

aluminium-alloy | 0.33 = ot

foam 010 to 0.40
clay 0.30-0.45

cork ~ 0.00

stainless steel | 0.30-0.31

v

y

AEsEEEEEEEEEEEEEEER
Ssaamsnssmnnnnmnnns’

Figure 1: Rectangular =pecimen subject to
compression, with Peiz=on’s ratio circa 0.5




Displacements > displacementf..

Define a displacement eg at a face (xyz) directly at the WG-Port
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Import a field source (from therm)

Field Import

— Mare

Itemp_field

Cancel |

— Project

Help |

|2|:u:ust_2_therm_.cst

I+ Usze Relative Path

L

— Field Source

I Temperature

W Usze Copy Only

—

A

__‘iolvei Results Macros Window Help

~NGD
=

Units...
Background Material...
Materials [

| Model Intersection Check...
Field Import...

Displacement Boundary...
Traction Boundary...

4 Structural Mechanics Solver..

Mechanical Solver Parameters

Accuracy:
|1e6 =l

EI @ Displacements
dizplacerment

----- m Tractions
EI @ Field Sources
------ @" temp_field

e

Import Fields Selection

x|

Start |

Aictive | | Field [rnport | Factor I;I | ak. I
Acceleration. .. | = ¥ termp_fizld 1.0%
Cancel I

Specials... |

Settings. ..

Adaptive mesh refinement

[ Adaptive mesh
refinerment

Froperties. .. |

" Field Sources

Apply |
Cloze |

and activate it

Help I

Help |




2D/3D Results > Displacement

Temperature change as source

Mech. Displacements

84.80

requ
nnnnnnn ield Power Factor 10000 Frequency
Source Field Frequency 0.575 Gz o Source Field Power Factor 10000

b * = Source Field Frequency 0.575 GHz e —

&
0.223
nnnnnn
-
6.0193 N
0, 00547
8. 082
BBBBBBB -
0. 600: [
a J 7
3 A
=
Tup J
mmmmmmmmmmm -223334 GPa at -16.6294 - - ¥
nnnnnnnnn 0 -
source Field Pawer Factor 10000 o
source Fleld Frequency 9.575 Ghiz

Von Mises Stress Deformed Mesh




4) SenS'lt]V'lty ( Introduction)

Matrix to solve:  [K|{E}=1{0}

=

o
=
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(o]
S
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w

[K]: symmetric, complex, contains geometry, material, frequency

e . Xk, Yk i
N z=[N;,N;,N, Kz,
Xi, Yi @ +—  / Z,

Xj, Yi

[E]: unkowns z

[Q]: Sources

@y
b gy

Ck

= ‘x_j-}’.i:

- J*’j-xk:by'k =Y T Ve O T g

Example: electrostatic

= [l

ON, ON,

OX OX

ON_ oN .
m_—__M)dxdy;m,n=i, j,k
e X ax) y J

- X
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Introduction to Sensitivity

o
=
o
N
S
=
=
w

S-Parameters: 3D Fieldsolution | [[%

S(@, p)=———E" (o, p)K" (o, p)E(@, p)

[K] ...left hand side, E (Fields at ports, p... any parameter

Sensitivity of S-parameter vs. parameter change:

— jo g, o5 _ — ET == oK E Direct analytical derivation of
op op K-matrix elements via e.g. [N]
NS

Same 3D Fieldsolution




Introduction to Sensitivity

Numerical calculation of gradients is expensive and unstable

Here: Sensitivity of S-parameter vs. parameter change

no additional 3D solution required (only another S-Parameter computation)

Very efficient computation of sensitivities

&
=

Result: S-parameter ranges for tolerant paiainet

Currently available for FD-Tet solver




Introduction to Sensitivity

What is it good for?

® The sensitivity helps estimate ,,new* S-parameters due to the (small) change
of the parameter, at no extra cost

Suppose the parameter p changes by a quantity Ap :

S(X+Ap)~ S(X)+ > |=—|Ap

exact computation of the Sensitivity
(Approximated by 1st order Taylor expansion)

The various sensitivities are used in an optimizer to solve for Ap as variables to
best fit the S-parameter goals.

G :
Snm<: Snm(3D—MWS) 4 Z — AP ﬂg Ap ... face constraints



What is the Yield Analysis

For every product, there are:
Technical specifications
Fabrication tolerances

34.1% 34.1%

00 01 02 03 04
| I 1 I ]

The fabrication tolerances will lead to some UMform

products not fulfilling the specifications . . -

# Passed
#Total

Yield: yield =
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Typical Approach vs. CST Approach

How is yield calculated typically?
Parameters vary according to a known probability curve
Repeat
Change the value of all parameters
Simulate
Check if specification (in our case for S-params.) is met
Until the number of simulations is statistically relevant
This is a large number of EM simulations - typicaly hundreds or thousands!!!

Knowing the sensitivity, there is no need to perform 3D simulations, at least if
the parameters vary in a small range.

The efficiency of this new sensitivity analysis approach makes Monte-Carlo
based yield analysis feasible even for complex multi-parametrical three-
dimensional structures



4) SenSlthlty (based on mech. Displacements)
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Em Edit V¥iew WCS Curves Objects Mesh Solve Res [ZDOSt—y'EId——no"n

N [ New STRG+N [ | ~ves Objects Mesh Sc
£ Open... STRG+0
Close l l | . l
5 save STRG+5 b = = = =
O 0 > O
Save As... \ ’ B ﬂ E a
4 save all ] ‘ |
Archive As... | | P |
Nav Manage Projects... = "| ” |
EI Change Problem Type | v | High Frequency
i Reset Project Low Frequency 4 ; |in£ | @ tE
Select Template... Particle 4 = ——
Import > Thermal —-]
Export > Mechanics
=4 Print... Set Default. ..
Faces
Curves
WS
Wires

ﬂﬂsﬂaéég

B-@ Excitat
: B4 del
@ Field M

Lumped Elements
Plane Wave
Farfield Source

Field Sources
= Ca' F'lorts Mew Field Source..
@ Ez:@] Mew Field Import...

Hide all Field Sources
Hide all Field Imports
Unhide all

3 edfi
N

|

Import the displacements

Field Import

— Mames oK I
fmech_field
Cancel I
— Project

|2post_3_mec:h_.c:st

v Use Felative Path

Help I

\I I3 MultiPhysics

— Field Source

I Dizplacement

[+ Use Copy Ornly

I

=
G
Lo

g Farfield Source

e
Wires
Lumped Elements
Flare wave

EI m Field 5ources

@. mech_field

zZpost_1_er_normal_makt_tetra_1

Zpost_Z_therm_
zpost_3_mech_
2post_4_sens_

'=I| Zpost_1_em_normal_mak_tetra_1.csk

=] Zpost_Z_therm_.csk

\ i:' 2post_3_mech_.csk
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4) Sensitivity
x|

— kethad —Salver zettinge Shart | S t S - t : . t A l -
% General Purpose [T Sawve all field results — e u p e n SI IVI y n a ySlI S
Optimize. .. |
i~ Resonant: Fast 5-Parameter [T Store result data in cache
Far. Sweep... |
™ Resonant: S-Parameter. fields [T Calculate modes only

tMeszh twpe: Accuracy [tetrahedral mesh]: Acceleration... |
|1 -4 I
| Tetrahedral Mesh =l = ~ Specials... |

— Excitation setiings— [ S-parameter settings———————  Simplify Model. |

Source type: Mode: I~ | Warmalize ta fized impedance
Apply

|Poit 1 =l =l [50 Ohms —l

Close |

— Frequency zamples Help |

| .-'-‘-.utol Samplesl From | To | LIt ” -

Max Range ) 0.4 0.8 GHz B
Adapt.Freqg. x 1 575 GHz

R d l_ I_ | FParameter | Walue | Descripkion I;I | 2K I
Frequency = GHz . - .

X rech_field 1 Imported displacement Field

Frequency - GHz Cancel |
Frequency - GHz ~| Help |

[ Do not calculate field moritars

[+ Usze broadband frequency sweep Froperties... I
radaptive mesh refinement ;I
: o
[T Adaptive tetrshedral mesh refinement Fraperties. I

— Sensitivity analyziz

W Usze zensitivity analysis Properties. ..




4) Sensitivity

EuMW 2010

Display S-parameter Sensitivity

Derivative of S-Parameter Magnitude

B Ea 5-Parameter Senszitivity 0.12883 o
LB ‘B3 mech_figld 014 '
! £ 15l linear :
F-Ea arals)
0.05 4
0
-0.05 -
-0. 10979 t + t : : : :
0. 49614 0.52 0.54 0.56 0.58 0.6 0.62 0.65411
Frequency / GHz
S-Parameter Magnitude in dB
0 ‘ : : R
-5 — 51,1 Temp-Deformed
EI ‘£3 S-Parameter Mech. Disp. 10|
H - £ 15l linear
EI Ea 15148 -15 1
; b F.,.c. 511 20 ]
H-E argls)

-25 1

-30 1

-35 1

-40 + : : : : : : :
0.55 0.555 0.56 0.565 0.57 0.575 0.58 0.585 0.59 0.595 0.6
Frequency / GHz




Summary

| —

Integrated workflow with =4%
CST MPHYSICS STUDIO™ Wi

sEase-of-use: New solvers within
well known frontend

=Accuracy of integrated solution and
solver technology

=Wide application range due to tight
integration within CST STUDIO SUITE™




Thank you for your attention!
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