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Thermal Integrity
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Agenda

* Classic Icepak 2022R1 New Feature
* AEDT Icepak 2022R1 New Feature

 AEDT Mechanical






Classic Icepak 2022R1 Summary

Scheduler enhancements

- Slurm support

- Switch to FLUENT scheduler syntax
Modeling

- Transient junction temperature

- DO solarirradiation model on flow boundary
Meshing

- Size function for 2d objects in 2.5D

- Auto 2D Layer-by-Layer Mesh Separately (BETA)

- Handle 2D object on mesh separately/mesh reuse objects (BETA)
Miscellaneous

- Network node names in Temperature Limits dialog

- Option to merge ECXML file

- Use CAD z-axis as flow direction for CAD fan
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Scheduler enhancements I

Configuration
" Serial " Parallel
e Added the ability to specify SLURM for job scheduler on € Network parallel " Job Scheduler
. . [+ Usze remote Linux nodes
remote Linux machines. — S comoutig o
* Slurm scheduler support |
- Remote Linux from windows | i |
: Browse | G Edit

- Native on Linux

[ Usze zhared path far UDF files

Job Scheduler optiohs

Slurm # processors 2
. . . ane o] k | th
Linux Simple Linux Utility for Resource FIENE SOWET pat |
. . R emaote working directony |
Management Linux Unix : .
Remote Linus login host |
Remate spawn command  |ssh
1. ( ) Copy ta remate command |n::n'u:| "peop -sop’’ user Vadious_huang'
" UselSF ¢ UseSGE ¢ UsePBSFro
2.
Slurm subrnizzion hozt
( MPI) . |
Slurm partition |
3. Slurm options |
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Modeling
[ Blocks [componentnoworng i)

| Info | Geometry Properties | Motes |

Block type: € Solid ¢ Hollow € Fluid & Netwaork

b TranSient junction power I — Metwark type—— — Network parameters
& Twa rasistor Board side 1Min Zz 21

- Two resistor, Star network and Full shunt P Stariute | | e T
. . . = Full shunt Eib
i Save’ Load’ VIeW Updated In TranSIent | ' General thmctionpower nzi\(f:\fh;j
Viewer ¥ Transient O Editi
| hass = .ou0T u;_mﬂ

' Speciic heat Z | Wminib-C ]
| Interface resistance 0 C,.'Wj

Trangiants Ll

AR — | T T

- —Thermal specification—— | — Time interval - |

| Surface material |default Start time liﬂ;j
i ™ Radiation £ Edit | End firme liﬁﬂsj

I [~ Temperature limit E ! =l'l'-:|:ype" gl SEU E Sﬂ'lf-[tj' ] i
0L [~ Fixvalues | " Linear Fhase liﬂ_sj

|| © Power Law On time ,7573j

2 L | " Exponential Oif tirme lim_sj

| updme | gewew | | € Sinueeicel Offvalue 00

— ||  Piecewise linear | °
. ! ! ki [1] Copy fram | & Dare | ' Sguare wawve

e

§ —

% Reset ¥ Cancel

3 Done

}"1:':1:'.1.' I = Uhpd st

0 Help |

| w7 Update

Bl Sk ) | " Load All | 1 Smep Al | +, SO0 | % Rose

I Timastepe F Hondmensioonl
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Modeling (Cont’d)

Solar load model parameters S
—=olar load model
* DO solar irradiation model on flow boundary € Solar calculator
DO / & Specify flux and direction vector
) Scattering fraction | 0.0
o . . .
- Enable Interaction Wlth ¥ Enahle interaction with padicipating solids

participating solids”

Enabling DO solar model

DO solar model vs Ray-tracing
- Not the same!
- Ray-tracing
- DO solar model

* RTE /

 Net wall radiation flux

Grad = € JspuoI(5) s.nd0 — neaT}

\nsys
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Meshing Enhancements

[Ee————

e B

* Size controls for 2d objects in 2.5D Meshing -

.. . . .. e

- Level, proximity and curvature size functions i -
LT 1

| [ 1] | o

2022R1 : .

i - o

2D pads mesh

B o i

* 2D objects on internal couplings (BETA)
- Allows 2D object on meshed separately boundary (.
- Set ICEPAK_MAKE_INTERNAL_COUPLING_MAP=1 Mesh separately

Y \NnSsYs
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Meshing Enhancements (Cont’d)

Options ]Multi—level seftings |

¢ AutO mESh'SeparatEIy for ZD Objects (BETA) [T Enforce 30 cut cell meshing for all ohjects
- Applicable only when 2D direction is specified [ MoDgrde |
. . . ) [T Allow stair-stepped meshing
- Objects with common elevation ranges grouped into separate B et mesh oeions
"assembly" & Use average ¢ KeepxyZ max sizes
- Local "assembly" avoids imprinting all outlines to single plane = E:fbl'efD "_””'“"E”r‘f' T?“Tg |
- Set ICEPAK_ENABLE_BETA_FEATURES=“hdm_2.5d_blocking" ¥ Enforce 2D cutcellfor sll abjects [ axis %]

IIII-ui lllllll e |
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M isce I I a n e O u S | FPower and temperature limit setup !

Network Node Power J
* Network node names in Power/Temp limits setup ariiend brg _int) ant_snd_balls) 20
. |drive_end_hrg fint0 (drive_gnd balls) 20
= Format: |ntN (na me) ext E_ur_fIDw intl (Eodt_air mtj a
|imt_air_flow fintl {exc_in_bz} 1]
d ECXML enha ncements fint_-a!r_f_lcuw fintt (exu: et 1:1) EI
. . . . lint_air_flow lint2 (exu: =t d2) 1]
- Select Merge with current project to import the objects e fow e y
into the existing project. lint_air_flows _.|nt4 (exc_hh_d4) 0
fint_a!r_f_lcuw inth (gen et 91) IZI
- Select Create group after merge and enter a group name int_air_flow 8 (gen_bi_f1) 0
- . Eint_a@r_f_luw int? (gen_ag_fZ] 114
to group the imported objects. i i TIoTE :
_ : ;int_a!r_f_lcuw intd (gen_ et _g1) o
Select Electronics Cooling XML file - :int__air_ﬂDW __InﬂD {pmg_ag_ hE] 10
D = [y 3l & firt_sir_flow int11 (pmg_ms_h3) a
R | — J ‘_I @I ‘_! 'int__air_flcuw __|nt‘|2 (pmg_hh__hfl) 1]
Odecis] O Padeges DS nleifow jnf3 g ot @
0 " Ao siripting £7 Utilities fint_air_flow fint14 (gen_out_i1) 0
£ Presentation Eint_a!r_f_lcuw int15 {pmg_out_jZ) o
icLeap £1 SampleCases lint_air_flow __|nt1i3_(_gen in_1j 0
DL 0 SF Eint_ai_r__ﬂuw__ bound1 [Dut bDund) 1]
4| [+] [rect_theta_jc fintd (rect _junc) B0
File name: testll ecxml Dpen Lmal power 224
Eile nf.hnp' [EC M.I file {* Braml) | Cancel e e e ’7%@ SR | e
¥ bderge with current project ;
¥ Create group after merge ]Pac:kage[ﬂ pesn e N Eﬂ_
All poweer values in |Wj
|







lcepak 2022 R1 Highlights

Reduced Order Modeling (ROM)

S T i 1 S D D O [ SO

- Redhawk CTM 2-Way & New Delphi Network Creation e e S S S B S B B B e e

B =5 IS BED B EE EE B B B B
* Blower Modeling R S
* ECAD Import - Wirebond & IDX * Mesher Enhancements — 2.5D Improvements

Maxwell 2D — Icepak EM Loss Coupling « User Experience

- Streamlines & Validation Enhancements

.

s i EIET jj),;ff - Improved Error messaging & troubleshooting

=W/ \y . Wigratio

—— &\ || P/

- PRI S SRS -
______,...a""' - -

- Improve speed of TZR conversion

- Network Schematic enhancements

e - Toolkit enhancements

Streéfnllnes into and out of a Centrifugal
CAD Blower cooling a PCB assembly * PCB, Package parameterization

— \nsys



RedHawk CTM Two-Way Workflow

* Chip Thermal Model (CTM) two-way co-simulation
Chip-aware system design (2021R2)
System-aware chip design (2022R1) e

Density number  |500

Auto-export temperatures to RedHawk after simulation

Imgan Data

* Defaults to export folder specified under Design Settings

* Binary format \_

- CTM import using a 3™ party text file e [ —
* CTM native component created
* No temperature data export E CTMimportod |

$DistanceUnit: mm
#TemperaturelUnit: cel
$Power/HeatFluxUnit: W
#CellLocations

0.0 00 1200 140
0.0-0.0--1.0--0.5

| 0.0 1.0 1.0 1.5

| | #Temperatures

. = | 10 20 30 40 50 60

| T ame | |0 #PowerMapOfCells

: 0.1-0:15-0.2-0:25-0.3-0.35
0.1 0.13.0.16-0.19.0.22.0.25
0.1 0.12 0.14 0.16 0.18 0.2
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Blower Modeling

T Mol
&F e :
Generalized Blower boundary Z G | e |
- Impellers (type 1) " 2 oo E‘; pexd o
. B Ootretnc Boower cation
- Centrifugal blowers (type 2) Qree || o o | g e e
- Single and dual inlets for all geometries 5 G ouitee BovwPoue  [5 | [ S G T
Blower toolkit B T | - —
- Geometry and BC for rectangular and cylindrical geometries = s
Vendor Component Library T EEnE
- Adda, Jaro, Minebea, Sunon ”.;;f"' :
Blower Assignment " & o cir
) ) - . 3 Bover
- Polygonal approximation allowed for type 1 , - 23 Add

- Multiple co-planar inlet faces allowed for type 2
- Ability to toggle inlet/outlet faces

Blower Specifications
- Blower flow curve

- Fan blade/exit angle

- RPM (type 1)

- Blower Power

" P, !
""""""




Reduced Order Modeling - Delphi Network Creation”
e Steady-state Delphi network creation for QFP packages

DELPHI's Black-box _ _ _ _
thermal model Case hrop hgorrom hsipes  Nieaps

1 5 1 5 1
A # 2 15 1 15 1

48 10 1000 10 100000

1
i

T oy F?

Parametric setups with
Detailed Package CFD Model Delphi boundary condition setup training BCs ‘

£ [S—————

F -
L L N e
. — N
s : ¢ 0.01
G
®=0.8 £&=0.1 0=0.3 1=0.5
0.001
1 10 100 1000
Icepak Design Delphi Network Delphi Optimizer
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Automated Delphi Network Creation Workflow in AEDT

[*]

i1 B e oy +re Q
- iy o T g
= = -

3 R e SR ) "] e ol Usigron T3 U Wisnre . m
@A LS. - = [= i s | E

-
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L.




ECAD - Bondwire Import

. . Inchude Parts:  None (" Device Pats % Package Pats
* Bondwire Import with PCB Component Above Stadap -
- Bondwires attached to components with die properties % Model Connectors As:
* Material and wire diameter input options (" Solderbumps = Bondwres
* Modeled as sheets with shell conduction plate BC Bondwre Materish _ AuTypcal |
Wire Diameter: | 0,05 fmm =]

Cross-section View

(oo bed o

Pt Mame:

Pt Type
Fef Des
Ho Pins

Mot kel ace




ECAD - IDX Import

zr | lcepak | Tools Window  Help
Solution Type...

List...

Validation Check...

e IDX Import — XML based format consisting of ECAD and MCAD data

- Support geometry and boundary condition import (MCAD) S
* Like IDF import in Icepak AEDT B Edit Notes..

- Limitations foolkt ’
Import IDF...
* ECAD data import not supported Im:lortl[}){...

& @

Analyze All

* Filters, Modeling options, Cutouts not supported Export ROM >

IDX Import 5% Project Managts 3 x 05 F Medd =
= 3 lcepakDesign (SteadyState)® -~ 1o Solids

Files | Board Conductiviy | g i;vm‘-"'*- & 0 ai

% o Region

: Thermal i M Cesamic_matensl

Board File - !:E-Cr = #P 103_BoardMaterial

|E:'-.backedup'-..%‘nsysEM-prj'-.brd_board_mod_ptcom.idx E H c2 417 1DX_BoardOutlne
B c # L. Cocrdinate Systems

i o & 8 Planes

(= =) # P Lists

Hcn

FFc2e

Fcx

= )

H c»

Fc=

Hc»

A co

8 o1

o

oK | Cancel | Help | s 03 -




Maxwell 2D — Icepak EM Loss Coupling

e Support EM Loss Import from Maxwell 2D

- Extruded geometries of 2D representations
* Support both +ve and —ve extrusions in XY

Temparature

* Can be partial geometries it :::rmm
B3.4225

- Coupling projects 3D mesh points onto 2D geometry 'j‘:;l lm:m
.. . | I 45,2328

= L|m|tat|0ns i 7995 B 7 1380
. . gom 450452

* Extrusions need to be along Z axis @ o5z i

. . o) B | 40.8535
Losses not conservative laan | [ o
IB&‘EH '3'55'5“

| 43053 | 34 5690

' 323204
302635
28.187T6
2617

§ 32 aT42
303Te3

I8 TB4E
261097

A 24 DE5D
L x
X X
Maxwell 2D Geometry Maxwell 2D Coupling  Maxwell 3D Coupling

\nsys
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Meshing Enhancements - 2.5D Meshing

e Capturing Thin Objects in 2.5D Meshing

- Refinement around 2D sheets parallel to the 2.5D meshing plane
* Create additional refinement and multi-level around 2D sheets

- Further mesh optimization using 2.5D mesh sub-blocking in following slide

2021R2: 2D Sheets not meshed 2D Sheets parallel to 2.5D meshing plane 2022R1: 2D Sheets meshed

\nsys
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Meshing Enhancements - 2.5D Meshing”

* Domain Sub-blocking for 2.5D Meshing
- Prevent refinement from being imprinted throughout extrusion

* Domain split according to in-plane geometry features
* Uses non-conformal interface to couple different meshing blocks

- Reduced mesh counts and improved performance (~50%)

Keyboard model mesh count:
2021R2: 2.35M
2022R1: 1.38M

Slice 1

21 * Requires Feature Flag



Fluid Flow Streamlines™

* Steady-state and transient particle traces
- Forward and reverse direction
- Uniform and mesh node seeding with skip option

e Color by variable

* Standard AEDT line and marker options
- Animations are not supported yet

™ Specky bare l-
I~ Spechy Folder  [Frend ]

Deugr Aoepeh Dewmgrd
Conbesi

Soktior: [Sehel: SeadiSise =

Fiekd Typer [t B

Inirieae 'V aeailes

Save iy Delmd

| SeatPressere

| Torrgmsntus

| Gl T emnguni i
| Wity st
|Us

Ly

:Sur\'m iy Wediony

22

* Requires Feature Flag

Trace opbons -
Stat tme(r): | o

rR b L

Erd bene(s): | 175

M siepe | 1000

™ Reverse drection

Sy oplong
" Uniform Cu.r\-r:l_.

= Nodes  Sap I‘.-

u‘.l

Cancel |

Reverse streamlines with markers

T ——




Miscellaneous Enhancements

e
* Solver File Export / Import B
- Write Solver Files option g e
- Import Solver Files option* S .
* Fields Summary é ———
- Combined side option for surface quantities R -
- Algebraic sum of Default and Adjacent side values
- Single option to report:
* Non-zero values at all 1-sided surfaces _r“ :::T,“ | Gacmty Toa | st Govi __|_5ce_[ Mo | Aeo¥okme | Tan_|
« Ensure heat balance at 2-sided surfaces _ :""ff S [leve |t e L —
* TZR File Import Speed Improvement oo I
- Synchronization & Validation™ Erly Fyea Al
- Speed-ups up to 70x observed Cf' MM = )

Y Ansys

* Requires Feature Flag



Toolkits Development

Geometry Approximations(6) Variable support for Packages and PCB

Blower PCB

Extract Delphi Network DTM Monitor Support

Contour File Export Dataset support for Power Budget
Cut Plane

Power density support for Bio-Heat Source



Blower Modeling - Toolkits

Type 1 Blowers Type 2 Blowers

Y \NnSsYs



Post Processing Toolkits

Field Plot ASCII Export

Cut Plane Creation 2 =




Other Toolkit Enhancements

......

DTM Monitor Support

:::::

......

PCB






Electronics Desktop — Multiphysics Simulation Platform

Electromagn
etics

Mechanical

Mechanical
EM
Loss Thermal ._E:%
. Tempera
HFSS
— ture )
Temperat Icepak =
ure N v/
. Structural
Maxwell N4

I, ' \nSY'S



Thermal and Structural Analysis with AEDT

Finite Volume Method (CFD)

Heat Transfer and/or
Fluid Flow

Solid, Fluid

Temperature,
Heat Flow Rate, EM Loss,
Flow Rate, Convection etc.

Temperature, Heat Flux,
Fluid Velocity, Pressure Drop

Electronics Icepak Premium/
Electronics Enterprise

Finite Element Method
(FEM)

Heat Transfer

Solid

Temperature,
Heat Flow Rate, EM Loss,
Convection etc.

Temperature, Heat Flux

Electronics Icepak
Premium/
Electronics Enterprise

Finite Element Method
(FEM)

Thermo-Mechanical Stress

Solid

Temperature Distribution,
Mechanical Force,
Constraints

Displacement, Strain,
Stress

Ansys Mechanical PPE
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AEDT Mechanical Thermal/Modal FLEBd @ 8

HFSS Q30 Circuit Icepak Maxwell Simplorer Mechanical

Ee Edit Definitions

Insert Mechanical Design

£

* Included in AEDT Installation i
- No need for separate WB installation I "

* Compatible with Electronics
Pro/Premium/Enterprise HPC '

* Windows and Linux

e AEDT user flows

MCAD editor i
3D Component Modal Natural Frequencies
Scripting, Undo/Redo, Archive, ... Mode Shapes
Mesh '
e Classic/TAU/Phi mesher
* Easy to use mesh operations
* Mesh Import from HFSS 3D &
Maxwell 3D
Optimetrics
Post processing

RF Packaging Temperatures

I —— '\n'SYS



Mechanical Designh Type in AEDT

Structural
 New Structural Solution type Supported SolutionType
boundaries e
* Fixed support/Frictionless support/Cylindrical ;.::,
support o |
- Excitations =N

* Thermal condition: Uniform/Non-uniform via link
to Icepak

- Post processing
* Displacement/Equivalent stress/Temperature

 Heat Flux Excitation extension
* Added surface flux input for heat flux

* Temperature Dependent Materials

e Dataset-based thermal modifiers
= Thermal/Structural

Y ‘Ansys




Key Features of AEDT Mechanical — Thermal Solution

. Unified Platform for Electro-Thermo-Mechanical Analysis
 Geometry Creation and
Heatsink 10 sheet

Preparation CAD i e
* AEDT’s native CAD Modeler = ol as heat sources

* Direct link to SpaceClaim i e ||
* Modeling Objects &

* Solid and Sheet objects

 Materials

* Temperature-dependent conductivity

* Isotropic and Anisotropic ]
COI’]dUCtIVIty 47.50_: 1227

Temperature
[cel]

5250 __ K vs T I 1520
] 1373

Tmax

=152°C

 Boundaries s « |

87

« Known thermal conditions such as 3750
temperature and convection :
assigned to selected geometry ECARARERIARS ARSI

X Nonlinear Solv

640

Temperature-dependent Thermal Conductivity (K)

\nsys



Key Features of AEDT Mechanical — Thermal Solution

Excitations EM Loss

* Electromagnetic Volume/Surface Losses Import
* User-specified thermal power '

Meshing

* Mesh import from HFSS 3D and Maxwell
3D

* Native HFSS Mesher ‘ ‘

Heat tranSfer mOdES Volume Loss in - Mechanical -
* Conduction HFSS Thermal

* Convection

Analysis
* Steady-state
* 1-and 2-way coupling

Optimetrics
- Fast solution using HPC

\nsys



Mechanical Thermal Coupled Applications

Unified multiphysics platform for Electrical Engineers

[
* Rotating Fluid '
* Electrical machine air-gap modeling :
’ Mot‘lon effect o o _ & Maxwell 3D Partial model
* Equivalent thermal conductivity considering convective heat transfer simulation compatible

 EM Volume/Surface Loss
* Easy to use multiplier and offset
* Multiple source designs for 5G and power converter applications
* Surface loss on sheet object eliminates modeling and meshing challenges
* Integrated Optimetrics and 2-way coupling

* Icepak Heat Transfer Coefficient
* Efficient and accurate thermal modeling

Licensed with Icepak Premium or Planar Log-Periodic
. . Antenna EMLoss Mapped
Electronics Enterprise

I, ' \nSY'S




Thermal Boundaries

* Temperature

. . ey Z
* Assign fixed temperature to entities.
* Convection
* To simulate heat transfer between faces of
. . . . . Selection Mode ?
an object and surrounding fluid in motion. Select Objects ) 8 -
. . Extend Selection ]
* Can map non-uniform convective heat
transfer coefficients from an Icepak Measite > W
solution. 2 g
Edit ]
. . Group ?
® Rotatlng FIu‘d Create 3D Component..
Replace with 3D Component..
* Rotational effects on the heat transfer S Asign Material.
. Assign Boundary ) Convection..
across the airgap between the rotor and Assgn Excitation )| Temperature..
Assign Mesh Operation > Rotating Fluid..

the stator.

I, ' \nSY'S



Thermal Boundaries — Non-Uniform Convective Boundary

* Heat flux and temperature at each element face are imported from Icepak into
Mechanical — Thermal and the film coefficients are then calculated in
Mechanical.

* Mapping will be good if the surface mesh size is similar between the two designs.

Mechanical - Thermal

\nsys



Thermal Boundaries — Rotating Fluid

* Used to account for heat transfer across the gap between rotor and stator.

* Meshing process internally creates fluid elements anywhere within this air gap that is not
already occupied by solid objects.

* Thermal conductivity of the fluid elements in the airgap is calculated internally using
- gap thickness, rotor speed, axis of rotation and location of rotor relative to stator.

‘ Band
o Stato Region
ofreortee |- highiight
in this vb;ew here Ed)

v

Radial gap between
stator and rotor \{

\ ‘ Roto
m Band N Statlc r

Reglon

/AN
— \nsys



Excitations — EM Loss

* Import electromagnetic losses from EM designs as thermal power excitations into the
target Mechanical — Thermal design.

e Can apply multiple EM Loss excitations different EM designs to the same object.

» Similar mesh size between the source and target designs improves the accuracy of the
mapping.

Dielectric Loss in Mechanical -
DC Volume Loss in Q3D =) Mechanical - Thermal HFSS ) Thermal




AEDT Mechanical-Icepak Heat Transfer Coefficient Coupling

* Use Mechanical Thermal to model conduction
problem Ve, | [,

* Use simplified Icepak model to solve fluid flow

* Seamless integration within a single Electronic
Desktop ‘

Maxwell [
rearrs I | o
i - e S TE : EMLoss L > = p—————__
== o G T ] ‘I_’.!f,", O T
1 ; ' e - g

1 ' - (5T
Icepak [ [ Qe

Heat Flux + Temperature

Y ‘Ansys



2-Way Coupling — Temperature-Dependency

* Coupling for a coax connector between HFSS and Mechanical — Thermal designs.

e Dielectric Loss Tangent and Bulk Conductivity vary with temperature.

e 1-Way coupling underestimates maximum temperature in the resonator by 16%.

9/6

Tmax

=50°C

[e2)
o

ax. Temperature (°C)
~N

—— o —
N

»

48

One-Way
Coupling

0.18
N\
| —
/ —_
-2
012 4,
(%]
(@]
)
>
L
0.06 ©
o
|—
0
2 3 4
Iteration

Temperature
[cel

1
I 5.1
575

56.8

2-Way
Coupling
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AEDT Mechanical - Modal Solution

* Natural frequencies of vibration, mode shapes, and
mass participation.

Frequency Table 1 MechanicalDesign1 ~ Ansys
Mode ModeFreq [Hz] EffectiveMassRatio_DirX EffectiveMassRatio_DiryY EffectiveMassRatio_Di... EffectiveMassRatio_RotX EffectiveMassRatio_RotY EflectiveMassRatio_RotZ

Setup1 : Solution  Setupi : Solution Setup1 : Solution Setup1 : Solution Setup1 : Solution Seftup1 : Solution Setup1 : Solution
1 1 a97.m 0. 000000 0671600 0003012 0000022 0.002413 0000004
2 2 118,69 0.000000 0.002193 0.002625 0.000019 0.806151 0.007077
3 3 162,40 0563900 0.000000 0.000011 06727 0000000 0.004037
4 4 153 51 0.000010 0.001825 0.596489 0.004176 0.000204 0.001094
5 5 186,92 0.012299 0.000000 0.000001 018313 0.000000 0.000024
4] [ 193.00 0.000001 0.0000GE 0011345 0000141 0.002051 0450220
7 7 19676 0.015045 0.000000 0.000001 0280516 0.000000 0.000304
8 & 232,09 0.001376 0.000000 0000000 0.004459 0. 000000 0.000009

2021 ANSYS, Inc Confidential
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Electro-Thermal-Stress Workflow

e Coupled Thermal Stress Analysis
* Linked to Icepak design
* Temperatures imported for objects
= System Coupling mapper
- Temperature plotting enabled

2A DC Current Excitation
DC-RL Solver

\nsys

Q30 EXTRACTOR

\nsys

ICEPAK

Fixed Support
Icepak Thermal Load

\nsys

MECHANICAL

50, 25, & 40 mW Sources
Q3D EM Loss

\nsys



Electro-Thermal-Stress Workflow

Module Temperature Displacement




AEDT Mechanical - Structural P

* Displacement and stresses caused by DO
thermal expansion &

uuuuuuuuu

| s placemen Ansys 2500t

| lum]

| ¥ 5551
l 285784 n vl i v
8 B0 WA g :'1
244529 il

......

nas
203778

183397
183018 24
14 7542
17 3264
oieer | 0= TSN [coveemse >
nnnnnnnnn ¥
B 1510 1628089 ¥
& 1 'I‘ l‘$'-5‘a'!
8112 141,105 C
4 OTHRS 120253 ;
? 18,8022 ]
| 2037 100.5608 o~
o e 47 ks
L—— R " r s
# =y NormalizedDeformation = 0 I | ol
¥ L
65 a3
o 2
43
I]:sen
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Case Study: Thermal Analysis of Die-Level Packaging

* Parametric sweep of power dissipation.

* Power dissipation of the active area is
assigned to the sheet objects using
excitation of type Heat Flux.

e Bottom face of the heatsink is assigned a
fixed Temperature to model dissipation.

* To resolve objects with different length
scales and contact areas, several length-
based mesh operations are defined.

* Field Calculator is used to analyze various
thermal paths linking the source to sink.

I, ' \nSY'S



AEDT Mechanical — Structural Simulation

* Predict out-of-plane deformation (warpage) in a
package due to disparities in the thermal
expansion of the materials

- Boundary Conditions
* To constrain rigid body displacement

- Excitation
* ramp up temperature of all the components from 25 °C to 220 °C

Displacement Constraints Temperature Ramp-up

i €




Case Study: Thermal Analysis of Electric Motor

* Parametric sweep of rotor speed.

e 1-way linking with Maxwell 3D analysis.

e Copper, Iron and Magnet losses mapped
from the Maxwell 3D design.

* Convective boundary is defined on the
external cylindrical face of the stator and flat
faces of rotor and shaft to model dissipation
to the ambient.

* Effect of rotor speed on the convection in the
gap between the rotor and stator is modeled
using Rotating Fluid boundary.

* Thin air gap is resolved with additional layers
through mesh refinement technique of
Cylindrical Gap Treatment.
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Mechanical 2022R1 Highlights

Coupling
- Maxwell 2D — Thermal EM Loss Coupling

Materials
- General expression support for temperature-dependence

Structural - Beta

- Boundaries
* Displacement
* Pressure/Force

- Coupling
Mechanical Thermal-Structural Link
* EM Force — Structural Coupling

Meshing - Beta
- Thermal Slider bar Meshing

Reporting
- Fields Summary
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Maxwell 2D — Thermal EM Loss Coupling

e Support EM Loss Import from Maxwell 2D

- Extruded geometries of 2D representations
e Support both +ve and —ve extrusions in XY

* Can be partial geometries
- Coupling projects 3D mesh points onto 2D geometry
- Limitations

* Extrusions need to be along Z axis

* Losses not conservative
e 2-way coupling not supported

Thermal 3D Geometry

Maxwell 2D Geometry

Y ‘Ansys



Temperature-Dependent Materials

* Temperature Dependent Materials L s
- General expression support i ochten e ciie Yo WF
- Quadratic expressions ,
* Advanced coefficient support

- Converted to datasets for solver
- Thermal & Structural __ 25 S s A
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Mechanical Structural - Pressure/Force Excitations

* Force Excitation
- Face and Object assignment
- Uniform and Non-uniform Force options

* Uniform (face): X, Y, Z components
* Non-uniform via Setup Link to HFSS/Maxwell

* Pressure Excitation

- Face assignment .
- Normal To or Component options §-

* Normal To: Magnitude
* Component: X, Y, Zcomponents

- Support curved faces .

Assembly under 1N vertical force
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Structural - Displacement Excitation

* Displacement Excitation
- Assignment: Faces and Edges

- Normal To (faces)

oF Corcsl DK Cocsl |

* Magnitude rame Daphacemert i e
- Components (faces and edges) T

* X, Y, Zcomponents ::“: = = e

* Each component can be fixed magnitude or free | e ]

- opeont T m

PCB Assembly with Y, Z displacements along edge
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Thermal Stress Analysis - Link to Mechanical Thermal

* Coupled Thermal Stress Analysis
- Linked to Thermal design
Thermal condition excitation
- Temperatures imported for objects
System Coupling mapper
- Temperature field plots

Thermal




EM Force — Structural Coupling

||||||

* Coupled EM Force - Structural Analysis [

Linked to Maxwell 3D :

* Surface and Volume assignment -! U t- AEDT
Linked to HFSS s
* Surface assignment - [ . lLv
Assignment: Faces and Objects -
1-way coupling support = — St s

it e
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Automated Slider-bar Meshing — Mechanical Thermal [Beta]

* Automated refinement based on slider position
- Length-based refinement inside and on surfaces of all objects
- Refinement tailored to curvilinear and rectilinear geometries

e Restrict the need for user-defined mesh operations

* Improved solution accuracy

e
e bt

- "j,::_:'_

A e £ e

St

—e
-
| S, W —
fiece

2021R2 (All slider positions) 2022R1 Auto refinement
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Automated Slider-bar Meshing — Mechanical Thermal [Beta]

4
o
4
[
>
(@)
)
(o]
o
—
o
o
(gV]

a4
i
i
+—
[
>
(@)
)
i
o
N
(o)
o
o

2022R1 (Count 14k)

2021R2 (Count: 13k)




Fields Summary

e User-friendly report calculation capability
- Supports all Fields Calculator variables

F

- Boundary and Object selection
- Surface and Volume calculations s [l
- Min, Max, Mean, Standard Deviation, Total™" Conbin _
- Multi-select and multiple calculations e e B e e e

I i 3 { ] 1 I |50 0956 | e |1 30 | 3496 o Al
= Export to CSV format . | Dbwect Sudacs Bawl Mag_HeaFlalwim™3] Dol 0E5 X NS 1877 M oM

|.-~r-..-.“ ......
' oohmdpnt | ok | Caed

** Total and Heat Flow Rate available for Objects, but not boundaries
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