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Simcenter Flotherm Flexx Release schedule

Two releases at six month intervals delivering constant stream of new features and enhancements

Simcenter Flotherm Simcenter Flotherm Simcenter Flotherm
2210 2304 2310
» October 26t, 2022  April 12t 2023 » October 25, 2023
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Simcenter Flotherm 2304 features - el

L O a0
T84

1325

10x speed up of pre-processing
* Models with 100,000+ objects takes longer to prepare compared

Load and Translation Time in Hrs

to solution time =T Ty i
+ New translator T B
BCI-ROM Export — single calculation for all export formats R —

Acceptable Relatve Eror (0,001

Updated MCAD Bridge
» Supports Siemens CAD formats (NX, Solidedge), Parasolid

* Voxelization supported on multiple cores
*  New Part number
Voxelize Speed 3 Rays 1 Ray
Updated Slemens UI MCAD Bridge 2m 28s 46s
2304
MCAD Bridge N/A 2h 20m 54s
2210
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Simcenter Flotherm XT 2304 features

EDA Bridge — Independent Thermal Territories
* Need not be linked to a component on the board

EDA Bridge — Improved Stack Up Editor
*  Multi-select

* Double click to edit

* Local units update

SmartPCB update

» Improved performance: user controlled auto update for node —
calculations. User controlled net outline display. Min. node size

displayed.

« Joule heating — Hyperlynx PI co-simulation: Auto detection of
powered nets. Joule heat Global Goal created automatically.
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Simcenter Flotherm XT 2304 features

Parametric Study Update — Network Assembly attached thermal

attributes can be varied.

Model Interoperability — transfer of Flotherm XT models to

Flotherm using XtXml format
* Supports Smartparts

» But project data not yet supported (assembly information only)

* Make use of MCAD Bridge to read in XtXml files
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Assembly | Layout | Sketch | Markup | Evaluate | Thermal Analysis

Name »

4 '@ Componepte
0 Tt % Properties

&b Hide
%) Zoom To Selection

§iModel  ComponentDispay ,

@ initali} & Refresh

Reference Objects ,

1 @ Ambiel 8  Show Features Display Dialog
@FIowR 13 Collapse Al

1 @ Fluid Awnoute L

| meortNX.

Import Solid Edge...
Import Parasolid.
Import JT.

Import PLMXML.
Import IGES.
Import STEP..
Import PTC Creo
Import Catia V4.
Import Catia V5...
Import SolidWorks.
Import SAT.

Export Parasolid..
Export JT...

Export PLMXML...
Export IGES,

Export STEP
Export Catia V4.
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Simcenter Flotherm 2310
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Agenda

Embeddable BCI-ROM

Library Interaction of Power Maps
Siemens UX updates
Documentation updates
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Embeddable BCI-ROMs as IC Package Compact Models

Challenge: Detailed thermal models of IC
packages expose sensitive intellectual property,
while standardized compact models do not support
transient simulations or multiple heat sources.

[e—
s e e
)

Model BCI? Transient? Multiple Heat Sources?

Top Inner ‘Top Outer
O~

IP Protected?

N

O

Botiom Inner

BCI ROM
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Embeddable BCI-ROMs as IC Package Compact Models

Embeddable BCI-ROMs included as a component in full 3D CFD models is the ideal solution

Boundary Condition Independent
Multiple Heat Sources
Steady State or Transient

Lightweight
Impossible to Reverse Engineer

Accuracy Similar to DELPHI models (+/- 5%)
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Embeddable BCI-ROMs : Author Workflow

Workflow:
+ Create detailed model of device using modeling best practices
» Ensure grid independence

« Attach ambient attributes to domain faces with meaningful names. The consumer of the embeddable
BCI-ROM will use these as references to position the device.

R | Boundaries | Notes

e 188 Embeddable BCI-ROM
~ K Hpap
et ® volume
XoHigh | Sides ~ @ Faces P -
XoLow | Sides ’ ‘ Top - IR
Yo High | Sides ¥ ‘ BGA
Yoo (o3 » @ Sides ~ < _
et 4 . Sources
ZoBigui| Top » @' Probes

Zolow |BGA
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Embeddable BCI-ROMs : Author Workflow

Workflow:
» Assign meaningful names to the heat sources and monitor points.

* The consumer of the embeddable BCI-ROM will use these names to interact with the model.

UEE HDAP 18 HDAP
® air ~ IE fowlp_analysis_tgz-fowlp
~ 0§88 HDAP W fowlp_analysis_tgz-fowlp
» ¥ fowlp_analysis_tgz-fowlp _ 4 '- Layers
] Metallizat?on 0% Embeddable BCI-ROM .;'. Electrical Vias Assembly
Sl - row ¢
e ayer ly
Active Layer:1 ® Volume MP-C1 [0201, 0201]
U1 Interconnect ~~ NN ’ ‘ Faces ~ ® Ul [FCCC_N10_top_die, Chip1]
U2 Interconnect SASS @ Sources @ U1 [FCCC_N10_top_die, Chip1]
[ N y e
X Al I::tercor::t:tctt . \\A ‘ Active Layer . UCC_N10<top_d|e, Ciupi]
package_substrate_analysis_tg; p i
U0 Interconnect " ® Active Layer! » % U2[FCCC_N10_top_die, Chip1]
» 3 Enclosure » <& Probes —
® ™
# HDAP Grid

K HpapP

e

L

b, @), @), @), @, ¢

. Volume
» P Faces
4 . Sources

AP
v 8 Probes

MP-C1 [0201, 0201]

MP-U1 [FCCC_N10_top_die, Chip3]
MP-C2 [0201, 0201]

MP-U2 [FCCC_N10_top_die, Chip3]
MP-C3 [0201, 0201]

MP-C4 [0201, 0201]

MP-CO1 [0201, 0201]

AAD NI ININ1_NIN1T
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Embeddable BCI-ROMs : Author Workflow
BCI—ROM Preferences 7 X
Workflow:
Export Formats
+ Extract the embeddable BCI-ROM V| Embeddable BCI-ROM
* Include Heat Source Geometry [optional] " Indude Heat Source Geometry
« Include Probe Location [optional] L) Seskake fevb Lo
« These optional settings do not impact results! They | ErbeddatleBcrRomme |*°”-ER°”’ . J
may be useful as additional positioning aides for i
Matri
the embeddable BCI-ROM consumer. =
VHDL-AMS
‘ Directory |C:\ [ erowse.. |

+ HTC Range: Large enough to cover all deployment
scenarios: Recommended:

« 0.1to 1,000,000 W/m2K
* Acceptable Relative Error:

Export Parameters

Minimum HTC |0, 1

||wimraig  ~ |

» Default of 0.001 is usually a good balance b
between extraction speed and accuracy
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Maximum HTC | 1000000 [lwimr2k) |
Acceptable Relative Error 0,001 |
OK Cancel
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Embeddable BCI-ROMs : Author Workflow

Workflow:

« Extraction process will create a file with
an .erom extension.

O Name

| ] HDAP.erom

System (C:) > Embeddable BCI-ROMs

~

B%§ Embeddable BCI-ROM ng Embeddable BCI-ROM
~ Kd Hpap ~ K Hpap
. Volume ‘ Volume
* Prepare model for distribution: * B n. v ¥ s
i . Sources ~ @ Top
« Select target assembly - Active Layer
. . Active Layer:1
* Use the embeddable BCI-ROM option in the » @' Probes L ¥ side
geometry palette: g bn | Attachments | Notes |
* Find the desired .erom file
No Attachment +
No Attachment
. B Create New
* Add attributes: | Load From Library +
* Heat Source attributes
» Surface attributes to set emissivity/color
» Grid constraints
Page 15 Unrestricted | © Siemens 2023 | Simcenter Flotherm Flexx 2310 What's New | Siemens Digital Industries Software SI EM E NS
Embeddable BCI-ROMs : Author Workflow
Workflow: F Lgaulm [BEE |- & Library
—_— 4 System 5 » 7 ATXLibrary
L. . Project
* Prepare for distribution: . Manager .
“ HDAP Locakin V Component Starter Pack
+ Validate results by comparing to Yol ES— A
- ‘ Faces raction Parameters V Fans
detailed model. v~ @ Top Attachments i Filters
# EROMN Notes V F|oTHE.RM_Libraries
: : gl(;: o Cut Chi :: I':\:rtf-as;:l_(:ﬂaterials
. - ~ @ Sources Copy Ctrl+C g7 KOA resistors
ave empeaqdabple (0}
. . Active La] I* paste Ctrl+V V Materials
L|brary ~ ‘ Active La Creakie Uriicje Maivies i/ Thern.'w E_Iectric Coolers
» & Probes = - - &~ Tutorial Library
Save To Selected Library é My ROMs
3

Page 16

Export Library and distribute

-
» | Tutorial Library
New Library

¥~ Cut

Copy
I Paste

Delete

Export To File...

Import From File
Refresh

=

>
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Embeddable BCI-ROMs : Consumer Workflow

Workflow: » @ A New Library
. . . » @ Bl ¥ Cut
* Import provided .library file » & Cq ) Copy
+ Select target assembly ' :: f: I Paste
. . 5 | Del

* Load library item. R il
» & F Export To File...
Y & H port Fro FloXML

° » & In b

Or... ' @K Refresh :

4 V Materials PDML
» 7 Thermo Electric Coolers T3Ster
4 V Tutorial Library

» Select target assembly

* Use the embeddable BCI-ROM option in the
geometry palette: K
» Find the desired .erom file

~ &’ MyROMs

1+ Transfer To Project
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Embeddable BCI-ROMs : Consumer Workflow

Workflow:
» Use reference geometry contained in the ‘Faces’ node to position the embeddable BCI-ROM
» Translate, Rotate, Copy, Paste, Align are supported

8% Embeddable BCI-ROM
~ K Hpap

@ Volume Phe

v # Faces ,/’

v @ Top”
# BGA
# Sides ~ < _
» @ Sources RS
»

\
SN

b=
--

!
!

»
»
@' Probes ~3

PSRRI AR W
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Embeddable BCI-ROMs : Consumer Workflow

Workflow:

» Use geometry contained in the ‘Sources’ node to
assign or modify powers

» Atotal power source attribute must be attached to
each embeddable BCI-ROM source

» Transient power profiles are defined with transient
attributes

Page 19 Unrestricted | © Siemens 2023 | Simcenter Flotherm Flexx 2310 What's New | Siemens Digital Industries Software

Attribute Data

0% Embeddable BCI-ROM
~ K4 Hpap
. Volume
» # Faces
v . Sources
@ Active Layer
. Active Layer:1
» @ Probes

Notes

Name |Die Heat
Source Type | Temperature
vV Activate
Option | Total Source

Total Source |3

Transient Attribute | No Attachment

Edit

SIEMENS

Embeddable BCI-ROMs : Consumer Workflow

Workflow:

* Embeddable BCI-ROMs are automatically
key-pointed like all other Simcenter Flotherm
SmartParts.

* Grid constraints are used to define grid across
and around the embeddable BCI-ROM

e Grid cells inside the embeddable BCI-ROM
are ignored

Page 20 Unrestricted | © Siemens 2023 | Simcenter Flotherm Flexx 2310 What's New | Siemens Digital Industries Software
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Embeddable BCI-ROMs : Consumer Workflow

Workflow:

+ Use geometry contained in the ‘Probes’ node to track solution and post-process results.
» Each probe will appear in Profiles during solve

HDAP
‘ Volume

» @ Faces

4 . Sources

v @' Probes
#" MP-C1[0201, 0201]
@' MP-U1[FCCC_N10_top_die, Chip3]
#" MP-C2[0201, 0201]
#' MP-U2 [FCCC_N10_top_die, Chip3]
@' MP-C3 [0201, 0201]
@' MP-C4 [0201, 0201]
@' MP-CO01[0201, 0201]

&' naAD ~no nont non1

Monitor Points v Iteration2
95

=™ 1 | | |

® MP-C1[0201, 0201]

%0 8 MP-U1 [FCCC_N10_to...

® MP-C2 [0201, 0201]

5% ® MP-U2 [FCCC_N10_to...
8: @ MP-C3 [0201, 0201]

80
E] — © MP-C4 [0201, 0201]
® =
- © MP-C01 [0201, 0201]
=S
§ ® MP-C02 [0201, 0201]
" ® MP-C03 [0201, 0201]

® MP-C04 [0201, 0201]
@ MP-C05 [0201, 0201]
® MP-C06 [0201, 0201]
@ MP-C07 [0201, 0201]
® MP-C08 [0201, 02011

GSF

60
0 10 20 30 40 50 &0 70 80 90
Iteration
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SIEMENS

Embeddable BCI-ROMs : Consumer Workflow

Workflow:
» Post-Processing
* Visual:
« Surface temperature plots

» Plane plots are void inside embeddable
BCI-ROM volumes

* Numerical
* Tables for embeddable BCI-ROM
* Faces:
* Probes:
» Heat Sources:

EROM Faces
Min EROM Surfaces = Max EROM Surfaces =~ Mean EROM Surfaces
i re (°C)  Temperature (°C) re (°C)
¢’ Faces 93.435 103.26 100.7893
!ﬂFacesﬂ 63.15 71.312 68.3356
!jacej 56.703 60.481 57.94535
@ Tables u.Tab\es
EROM Probe EROM Source
Temperature (°C) Power é\;)hsbaﬁon

@"BGAType 1Die 1 |55.7
@"BGAType 1Die2 |56
#'BGAType 1Die3 |558
#'BGAType 1Die 4 563

@ 5GA Type 1Die 1
@5GA Type 1Die 2
@ 5GA Type 1Die 3
@BGA Type 1Die 4
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Supporting Material

Best Practices:
+ Description of the steps for the embeddable BCI-ROM Simcenter Flotherm™
Embeddable BCI-ROM Best Practices
author
. . . Software Version 2310
+ Best practices for model setup, extraction settings, and 4 October 2023
using embeddable BCI-ROMs in full Simcenter
Flotherm models.

Simcenter Flotherm™
Embeddable BCI-ROM Validation

Validation Document: Software Version 2310

» Comparison of detailed and embeddable BCI-ROM ©October 2023
results for various applications and thermal
environments.
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EROM Demonstration
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Examples
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Example — BGA Package

Detailed Model:

+ Substrates modeled explicitly
 FOWLP (2217 objects)
* BGA substrate (2179 objects)

» 378 solder balls

* 804 bumps

+ Two die

* 40 capacitors

« Total:
+ 12682 objects
* 11 million grid cells

Unrestricted | © Siemens 2023 | Siemens Digital Industries Software
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Example — Installed in SmartPhone model

Detailed Model:

* 5 Detailed Packages
» 2 instances of HDAP from previous slide
» 2 other BGAs
+ QFN

25,909 objects
26.6 Million grid cells

» Solve time (steady state): 3.5 hours

Unrestricted | © Siemens 2023 | Siemens Digital Industries Software

SIEMENS

Example — Embeddable BCI-ROM Version

Simplified Model:

« The 5 packages are now represented with
embeddable BCI-ROMs

All detailed packages deleted
236 objects
0.1 Million grid cells

» Solve time (steady state): ~30 seconds
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Example — Results Comparison

Temperature (°C)
125
110
a5
80
a5
50
Embeddable BCI-ROM components Detailed components
Unrestricted | © Siemens 2023 | Siemens Digital Industries Software SI E M E N S

Example — Results Comparison

Embeddable BCI-ROM components Detailed components
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Example — Chiplet

Detailed Model:

High fidelity thermal model of a 16 core chiplet
778,870 grid cells required for the chiplet

Transform chiplet model into embeddable BCI-
ROM and position 6 copies of it on an
interposer/substrate structure

Package with embeddable BCI-ROMs requires
~100k grid cells.

Package with high fidelity chiplet models
requires ~8M cells

Results within 1% in this case

Unrestricted | © Siemens 2023 | Siemens Digital Industries Software

Zth (K/W)

160

)

140

I~
=1

g

oo
=]

Detailed-Scenario 1

Embedded BCI-ROM Scenario 1

Detailed Scenario 2

Embedded BCI-ROM Scenario 2

@
=}

20

0

1.00E-09

1.00E-07 1.00E-05 1.00E-03

Time (s)

1.00E-01

1.00E+01 1.00E+03
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Library Interaction of Power Maps

Power maps can be part of the Simcenter Flotherm Library

breBSc

Project Edit View Geometry

Model Setup

Create Unique Names

Save To Selected Library

# -

COANML O @mmEE dR
Model St | Model | Sover Contrdl @ o= i
@ = F Defaultsi s
@ L % S)’SlEm Project
~ 08 Root Assembly Manager
O 5 @ Attachments
@ g Notes
=k Vias ¥ Cut Ctrl+X
e Lopy
I Paste

~ | Library
155 ASOTE9_15056010410
b 7 ATX Library
4 ;/' Blowers
4 ;/' Component Starter Pack
" Data Center

Demo

&5 Thermal 1.5V
b i Fans \
4 ? Filters

' FloTHERM_Libraries
= Hat_Sinks

; Interface_Materials
= KOA resistors

= Materials

= Thermo Electric Coolers
7 Tutorial Library

/

Page 33
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&5 Thermal 1.5V

Mew Library
w Cut
Copy
I Paste
Delete
Impaort From File k ¢

Refresh

v g test

- Jihena = 88 Transfer To Project

o= Cut

Copy
Delete

SIEMENS

Simcenter Flotherm XT 2310
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Parametric Study Update

Challenge: Making wide-spread changes to a
large parametric study can be time consuming

when each scenario must be deleted individually.

Solution:

* Ability to delete multiple selected scenarios in
one operation.

* Via keyboard
 or right click menu option.
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Save time by deleting multiple scenarios

at once.

pasecase  [EEERRI  Scenerio2 Scenario4 | Scenario
S o T o S @ Save Selected Scenario Images
50000 W/(m?K) 625,38 W/(m?K) 57543W/(m*K) 90010 W/(m*K) 175.83W/(m?K) 75.9) 975 W/r
= . - < ~ & Delete Selected Scenarios
20,000 W/m*K)* 70030 W/(m*K)" 825.18 W/(m* K)* 450.55 W/(m*K)" 100.90 W/(m*K)" 125 020 W/(r

20000 W/m?K) 25.975W/(m*K) 375.63W/m®K) 10090 W/m?K) 825.18 W/(m?K) 47553 W/m*K) 17583 W/(m*K) 350.65W/(m*K) 22578 W/(r
Solve Complete ~ Solve Complete  Solve Complete ~ Solve Complete ~ Solve Complete  Solve Complete  Solve Complete  Solve Complete ~ Solve Comg

70000 70000 s 700005 70000 70000 s 700.00s 700005 70000 700.00 ¢
9.8806 °C 9.0555 °C 93326°C 7.8525°C 14745 °C 21.017°C 84231°C 12050°C 33888
84585 °C 6.0507 °C 60758 °C 56552 °C 11.365 °C 13916 °C 55260 °C 7.3877 °C 9.6400

SIEMENS

Exporting Projects

Challenge: Cannot easily transfer Flotherm XT
projects to other Siemens tools.

Solution:

« Export entire project with geometry and model
setup data

« Export project from parametric study
» Single scenario
» All Scenarios

Note: Xtxmlp format does not include
« Transient time patch data
* Suppressed components

Page 36 Unrestricted | © Siemens 2023 | Simcenter Flotherm Flexx 2310 What's New | Siemens Digital Industries Software

Eliminate errors and save time with

seamless transfer between tools.

B #lotionn tr Fle Edit View Inset Tools Thermal Analysis Window XT Help

S] = L ] 9 ® G L
Proje... flParametr.. SmartParts Parts Show.. Find. NewAt. Geomet. Mesher Solver
Library  Library

aluate | Thermal Analysis

Create Project Configuration
@ Project Units
@ Open Project Folder
Pack Project With Results
didla

- BaseCase | i Scenario4 |
® Export project to XtXml file L | |
50000 Wi K7 62538 wj & Make Current Scenario 583 W/m*K)
S Copy Scenario o
Export Thermal Netlist 20,000 W/(m? K)’ 70030 W, 7 e 0.90 W/(m? K)
[ 200,00 W/(m? K)' | 25.975 W) ¢ 5,18 W/(m?K)
B External Wall Top Solve Complete  Solve C lve Complete
[ S @ Export Scenario As XtXml...
ermal Wall Bofton 70000 s 7004 700005
4 [ Model
- | @ Save Selected Scenario Images
98806 °C 90555 @ Salve Scenario 14.745°C
84585 °C 60507 ¢ Stop Solve 11.365°C
€ «illsove
€8 Clear Solution

SIEMENS




Smart Parts Update

Challenge: Free blowing pressure drop treatment Improved confidence by achieving
for fans and flow devices is not always applicable identical results in different tools.
in every situation. Not consistent with other
Siemens tools Fow Do

e

Active =
Badive

Fan Geometry Type ~

Solution: et FESE -

* Increase options for Fan Pressure Drop Type [ o)

Fan Face Selection ~

to reflect options available in Simcenter
FLOEFD

*  Options now include:
» Total Pressure based calculation
- Static Pressure based calculation
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Smart Parts Update — Point Goals

Challenge: When assemblies with point goals Reduce modeling errors and save time by
based on global coordinates are saved in the ensuring goals are correctly positioned.

library and reused in different projects, the point
goal location is incorrect.

v X
Solution: netive a
. . & active
* Point goals based on local coordinate system -~
of parent assembly. poine Type  Define Point -
+ Local coordinate based point goal will move s
. . PBoint Position X 0.0000m_ |Global
with assembly if: Point Position . 00000m
» Assembly location is changed in project pointposidonz00000m
8 show Annotation

* Assembly is saved in library and reused in
new different project.
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Detailed Package Model Export Update

Challenge: Detailed packages created in Save time with a streamlined flow and
Simcenter Flotherm Package Creator have to be improve accuracy with better models

processed through MCAD Bridge before they can
be used in Simcenter Flotherm.

Simcenter Flotherm Package Creator [D:\Package Creator Libr;

Solution: g oo |
. /. py iy eall:c
 Export Simcenter Flotherm ready detailed o EXPE S;/:N c -
models from Simcenter Flotherm Package =
Creator directly. =S ——
* Floxml format i
» Stair-stepped lead frames by default to avoid e
overlaps

Leadframe

* Where necessary temperature dependent
material properties exported as constant at
default temperature
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Scripting Capabilities

Challenge: Need to be able to investigate Save time with automatic, repeatable
various board representations in a reproducible workflows.

manner.

SIEMENS

Solution: Record the workflow and playback
with alternative designs.
» Controls added to record and playback scripts.

« Scripts can be edited to create
workflow alterations.

B Play Il Pause
@ Record M Stop

FloSCRIPT

* Note:
» Scripting support is available for commands
in the main window only at this time
» Support for dialog windows (including
library swapping) is planned.
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Q&A
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SIEMENS

Contact

Hon Wong
Electronics and Semiconductor Business Development Manager

Fluids and Thermal Solution Domain

Phone +65 6357 2743
Mobile +65 9129 0302

E-mail hon.wong@siemens.com
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Simcenter STAR-CCM+

Simcenter SPH Flow |
Simcenter Battery Design Studio /

Release Highlights

Version 2306
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Williams Advanced Engineering (WAE)
develops high-performance Li-ion batteries using Simcenter

—
WAE obtains the highest

accuracy in simulating
thermal battery performance

<1C°

deviation compared to
experimental data
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Williams Advanced Engineering (WAE) develops high-performance Li-ion
batteries for Formula E and other racing series using Simcenter

Powering Formula E race cars

v H
o —— / \MKV‘J\‘W N
Creation of an RCR cell with Calculation of cell temperature with
Simcenter Battery Design Studio Simcenter STAR-CCM+

Obtained the highest accuracy in » Detailed geometric characterization of cells
simulating thermal battery performance » Electro-thermal CFD simulation

with less than 1C° deviation compared
to experimental data

] ) “We don’t need to wait until we built and test the battery to know if it meets the
Incr.eased battery range, while saving targets. CFD and system simulation have helped us to reduce the time needed to
vehicle mass complete our programs and develop our products. ”

M Jorge Lopez, Senior CFD Engineer at Williams Advanced Engineering
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Where engineering meets tomorrow
Investment imperatives for a comprehensive digital twin strategy

fluids

Model the complexity

Ensuring decision confidence

Explore the possibilities
Enabling insights
Simcenter

Simulation & Test

Go faster

Achieving speed and agility

Stay integrated

Connecting all activities

acoustics
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Where engineering meets tomorrow
Investment imperatives for a comprehensive digital twin strategy

Model the complexity fluids

Ensuring decision confidence

Simcenter

Simulation & Test

acoustics
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3D-CAD in parallel simulation for significant memory reduction

Challenge Efficiently handle complex CAD
Model the complexity of real-world geometries assemblies

without oversimplifying assumptions, while Memory consumption

handling assemblies of 1,000s of parts with ease. Simeenter STAR-CCM+ 2302 vs Simcenter STAR-CCM+ 2306
Solution 60000

CAD geometry only instantiated on a single node
during parallel simulations

Benefits
Reduce memory usage when handling geometry
in parallel simulations

50000

40000

30000

20000

10000

Combined memory consumption of all nodes
(MB)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Model the complexity

Number of processors

e 2302 — 2306
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Mesh to CAD: Convert Tessellation to CAD

Challenge Quickly convert tessellated
CAD is the unchallenged way to accurately geometries into CAD

represent and handle product geometry. But
sometimes geometric representations are only
available in a tessellated format

Solution

Create CAD bodies from tessellated mesh
Use 3D-CAD operation to create a solid body
Benefits

Use tessellated geometries for e.g. In-Cylinder
combustion simulations® by converting the
tessellated surfaces to CAD bodies

Currently Supports: .INP and .STL import,

Tessellated
mesh

CAD Body

*Note: This feature is not meant and will not be capable to
generate a complex assembly from a huge, tessellated grid

>
S=

X
Qo

o
=

O

&)

o
e

-
[
©

O
=

Unrestricted | © Siemens 2023 | Siemens Digital Industries Software SI E M E N S

Application Focus — Model the Complexity

Tackle high-fidelity E-powertrain
simulations with ease
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E-machine performance workflow update - Create skewed rotor sector
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Challenge

High effort of simulating full e-Motor geometries
while symmetry could be leveraged

Solution

Reduction of the computational domain size to a
sector now supported for Skewed Rotor designs

Available through the e-machine performance
workflow import (Skewed rotor sector is supported
from Simcenter SPEED export)

Benefits

 Faster simulations with reduced domain size
leveraging symmetry

* Method consistency across all e-machine
architectures
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Faster simulations for skewed rotor
designs

Skewed rotor design

3D sector model

SIEMENS

Electromagnetic modeling of lamination layers

Model the complexity

Challenge

Permanent magnet radial e-machines stator made
of several hundreds of thin laminated steel layers.
Model setup complex with high element count
Solution

Bulk lamination model models effects of lamination
stack (ohmic heat due to eddy currents losses)
without explicitly considering laminated geometry.

Benefits

Significantly simplified model preparation

* No need for mesh that resolves the layered
geometry nor the insulation between the layers

* A single mesh element that spans several layers
is sufficient

Unrestricted | © Siemens 2023 | Siemens Digital Industries Software

High fidelity modeling of e-machine

power losses due to eddy currents

Ohmic Heat Volume Integral

Magnetic Flux Density: Magnitude (T)
0.0000 1.3634 2.7268

SIEMENS




Automated battery data analysis setup

Challenge Comprehensive battery data analysis

Solution in 3 clicks
Battery Module Reports option with multi-valued
monitor

» Automatically generates hundreds of
reports, monitors, and plots of entire pack
cells’ common quantities, grouped

» Supports thermal runaway model and equivalent
circuit models related common field functions

Benefits
Productivity increase in battery data analysis
» Concise simulation tree

o Comprehensive battery data analysis
* Less prone to input errors in 3 olicks
* Removes the need to use scripting
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Where engineering meets tomorrow
Investment imperatives for a comprehensive digital twin strategy

fluids

Simcenter

Simulation & Test

acoustics
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Gradient-based (adjoint) optimization

Challenge

Direct parametric optimization may require a large
number of design assesments, adjoint based topology
optimization may lead to difficult-to-manufacture designs

Solution
Gradient-based optimization

« Leverage adjoint solver in a parametric design study to
get parameters' sensitivities

« Drive optimization algorithm to the closest local
optimum using those sensitivities

Benefits

< Faster convergence towards local best designs,
especially for large number of parameters

« Single or multiple objectives

«  Ensure manufacturability of your optimized design:
smoother shapes with no design space violations
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Find better designs faster

Gradient-based

Direct optimization

Optimization SQP Sherpa
(18 parameters) (18 parameters)
Pressure drop (Pa) 137 135
% improvement from
baseline 38% 39%
Number of evaluations 22 247
Physical hours* 4 42.4

*Using a single fully populated node (2 x AMD EPYC 7532 32-Core Processor)

Baseline Gradient Based Direct
Optimization optimization

SIEMENS

Gradient-based Optimization

Automated process in Design Manager leveraging

 Dedicated framework to define the gradient-based optimization study

» 3D-CAD and CAD Clients parameter sensitivities from adjoint simulations
+ Supporting smooth geometries without sharp edges or corners
» Gradient-based algorithms (Sequence Quadratic Programing) and optimization focused post-processing

Gradient-based
optimization
using SQP

Direct
optimization
using Sherpa
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£
Design 17

18 parameters

0.0015-

0.0012:

0.0009:

0.0006:

Mass Flow (kgls)

0.0003

SQP Target Mass Flow History

- Outlet 1
Outlet 2

< Outlet 3
—Target

374 & & 10 12 14 16 18

Design Number

w18 parameters

0.0015.

5 00012

low

Mass

< 0.00091|*"

Sherpa Target Mass Flow History

& 0.0006]f o0 T ¢,

0.0003- s

o
1020 30 40 50 60 70 80

Design Number
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Clipping and Slicing Option for Simcenter STAR-CCM+ Web Viewer

Challenge

Interactively sharing and exploring engineering
insights used to require the installation of
Simcenter STAR-CCM+ (Viewer)

Solution

Simcenter STAR-CCM+ Web Viewer Quick
interactive data analysis from a browser, now with
clipping and slicing options

Benefits

Explore and share your results from any device,
anytime, anywhere, now with further added fidelity:

Dynamically slice through volumetric data to
understand flow behaviour

Quickly understand geometry by clipping

Unrestricted | © Siemens 2023 | Siemens Digital Industries Software SI E M E N S

Where engineering meets tomorrow
Investment imperatives for a comprehensive digital twin strategy

fluids

Simcenter

Simulation & Test

@ Go faster

Achieving speed and agility

acoustics
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Continued GPU performance improvements

Challenge

Get the maximum out of GPU-enabled
acceleration

Solution

Go faster

Continued Improvements to the performance of
the GPU solver. AMG setup was optimized to
remove bottlenecks in the AMG set up process

Benefits
Further increased GPU performance (up to 16%)
Major benefit seen for polyhedral meshes
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Even faster simulations on GPUs

N
o

-
[6)]

-
o

| I I I
0

AeroSUV Side  Trailing Edge Cold Flow
Mirror Slot Combustor

Speed up 2306 vs 2302 (%)

SIEMENS

Continued expansion of solvers supporting GPU acceleration

Challenge

GPU-enabled performance enhancements limited

to applications by the set of ported solvers
Solution

Go faster

Continue the expansion of GPU-based
acceleration to an increasing set of solvers:

Coupled Flow and Energy Solver

PISO Solver

Wall-modeled Large Eddy Simulation (LES)
Passive scalar solver

Flamelet combustion modelling
Temperature Polynomial Material Properties

Benefits
New application enablement
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More applications faster on GPUs

Skin Friction Coefficient
0 0.0050  >0.010
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GPU native coupled flow and energy solver

Faster external aerodynamics simulations with native GPU
implementation of the coupled flow and energy solver

110M cells aerospace aerodynamics

within 40 minutes on GPU

CPU-equivalent flow solutions ensured by maintaining a 5
unified code base
=)
= 4
CPU 2
= 84% faster
o 3
[}
[%]
&
o 2
Skin Friction Coefficig _,_(E
<00 00050 50010 I9 1
4 1 a100=
154 CPUs
0
I 576 AMD EPYC 7532 24 NVIDIA A100
in Friction Coefficient
e T The reduction of 84% in computing time is here evaluated comparing a CPU
solution on 576 AMD EPYC 7532 to a GPU solution on 24 NVIDIA A100 cards.
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GPU native coupled flow and energy solver

Significant speedup for automotive external aerodynamics
simulation with native GPU implementation of the coupled
flow solver

Up to 60% speed-up of automotive

vehicle external aerodynamics cases

100%
. 90%
i 20% 44% faster 60% faster
g 70%
o 60%
3 50%
Q. (]
S 0%
T 30%
[=} 1A100 = 1A100 =
F 20% 110 CPUs 120 CPUSs
10%
. . g . . 0%
Note: Grid Sequencing Initialization (GSI) of the coupled Case 1 (270M) Case 2 (215M)
solver is not ported to GPU The reduction in computing time is here evaluated comparing a CPU solution

on 1024 AMD EPYC 7532 to a GPU solution on 24 NVIDIA A100 cards.

Unrestricted | © Siemens 2023 | Siemens Digital Industries Software Sl E M E N S




GPU native wall-modeled Large Eddy Simulation

Further GPU acceleration of wall-modeled Large Eddy
Simulation (LES) by porting the LES Off-Wall Wall Treatment
option to GPU

Unrestricted | © Siemens 2023 | Siemens Digital Industries Software

More than 20% faster WMLES for vehicle

external aerodynamics

100 '
O\?
Q 75
'.g 22% faster
c
2
- 50
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g
5 25
pzd
0
2302 2306
SIEMENS

GPU native passive scalar solver

Faster simulations involving the use of passive scalars with a
native GPU implementation of the passive scalar solver

Equivalent solution between CPU and GPU hardware

» Example of Mixing Quality transient development in a
mixing vessel

Tracer

0.0001
.>

7.5e-05
5e-05

2.5e-05

0 05 1 15 2 25 3 35 4 45 5 55 6 65 7

<0
Time [s]
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GPU accelerated mixing time analysis

for mixing tanks

20
18
16
14
12

Total elapsed time [h]
>

O N b~ O ®

70% faster

1A100 =
154 CPUs

192 AMD EPYC 7532 4 NVIDIA A100

The reduction of 70% in computing time is here evaluated comparing a CPU
solution on 192 AMD EPYC 7532 to a GPU solution on 4 NVIDIA A100 cards.

SIEMENS




GPU native Flamelet modeling

Faster high-fidelity combustion simulations

» Flamelet Generated Manifold (FGM) with all available flame

propagation methods

« Steady Laminar Flamelet and Chemical Equilibrium models

* Prompt, Thermal and Fuel NOx emissions models

» Combine with GPU enabled LES (2210) and PISO (2306)
models for rapid, high-fidelity combustion simulations

CPU

. J
=
i

Temperature (K)
<30000 70000 11000 15000 19000 >23000

Solution Time 0.044032 (s)

GPU

. -
ru—
£l

Temperature (K)
<30000 70000 11000 15000 19000 23000

Solution Time 0.044032 (s)
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Speed up of Flamelet combustion

modeling

Run time - 50ms (hr)

50% faster

1A100 =
165 CPUs

320 cores EPYC 7532
(Rome)

4 x A100

SIEMENS

GPU Acceleration — Continuous Performance Improvements

Turnaround time reduced by 38%
Memory overhead reduced by 35-40%

B

2022.1 2206

Normalized Elapsed time

Normalized Memory usage

2210 2302

Run on DGX box with 4xA100
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Corvette C6 ZR1 external aerodynamics
110M cells, SST-DDES, MRF for the wheels

SIEMENS




GPU Acceleration — Continuous Solver and Application Expansion

2022 .1 2210
Aeroacoustics

Unsteady Vehicle High Fidelity

Aerodynamics Aerodynamics Gas Turbine
CHT Aerodynamics

Mixing Vessels

Steady Aerodynamics
Industrial Combustion

» Segregated Flow * LES * Coupled Solver
* k-w SST, k-¢, RANS & DES « Acoustic Wave models » Passive Scalar
+ Constant Density « Segregated Energy* * Flamelet Combustion
* MRF « Ideal Gas * PISO
+ WMLES

Model the complexity
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Create Point Probes from Table Data and Multivalued Monitoring

Challenge Quick and reliable validation of
Quantitative comparison of measured and complex simulations

simulated key quantities at a large number of
critical locations ensuring correct match of data
extraction locations

Solution

Automatically create point probes from external
(measurement locations) table data

Easier and automated monitoring of point probe
arrays with a Multi-Valued monitor

Benefits

+ Fast and error free setup and monitoring of
probe arrays

« Concise presentation in simulation tree

Go faster
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Create point probes from table data
¥:D1442,Community Idea

Increase automation by creating point probes directly from a

file table (standard .csv file)

+ Easily directly import of external data

» Avoid manually creating hundreds of probe points or writing
Java code to set up an acoustic array

« Automated troubleshooting of grouped points with ability to
highlight points both inside and outside of the meshed
region

Set up many microphones

from a simple .csv import

7 SIEMENS
POEY BEA- reIE GNHURCD NIAS SOEIA>O-DBE0 LEIe reabe HkALr
x — Geometyscane 1 x

e ITEAANSST

Example: Faster acoustics setup with seamless import of a
multitude of predefined microphone probe locations

z

r:’r:s from Array ints_Data_1
HVAC duct

Unrestricted | © Siemens 2023 | Siemens Digital Industries Software SI E M E N S

l\\ll/ulti-valued monitors
®:D5617, D5427

Easier and automated plot creation for many parts with Multi-
Valued Monitor

+ Greatly improved workflow through usage of singular
Monitor for multiple part values

+ Assign multiple parts to a single Report and Monitor Sees saeshets ainanes

+ Avoid creating and managing a lot of reports, monitors, and N
plots to go with a multitude of parts or derived parts

» Concise presentation in simulation tree with only one
monitor node for many parts

Create a monitor for hundreds of points in

a few clicks

SIEMENS

SDEGAerO-DE0 BEG. > BADe HEAL

Application example: Easier and automated monitoring of
microphone array

= rointsgAm
== Polnt_99_Array_Points_Data_1
= PoInt_100_Amay_foints Data_i

i oui
© oo A s w1 |

(o e e ]

101 of 101 selected
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Where engineering meets tomorrow
Investment imperatives for a comprehensive digital twin strategy

fluids

Simcenter

Simulation & Test

@ Stay integrated

Connecting all activities acoustics
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Simcenter STAR-CCM+ to Simcenter STAR-CCM+ co-simulation for Solid
Mechanics and Fluid-Structure Interaction

Challenge Collaborate to couple physics
Run high-fidelity FSI from existing models quickly

Solution

Co-sim complements the single simulation
approach to FSI and allows to couple existing
models of different .sim files

Benefits

Pragmatic FSI simulation from already existing
fluid and thermal .sim files

Supports strong and weak coupled applications
NOTE

Whenever possible FSI should be approached as
a single simulation with fluid and structure in the B
same .sim file FSI co-sim

¥ ExternalAero.sim BE® WingStructure.sim

Stay integrated
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Simcenter Cloud HPC Multiple region support and compatibility

Challenge Instant access to practically unlimited
Setting up and accessing the cloud using 3rd party Eele]aa]e]0] (W6 [[{=Tei R i 7ol s MY/ 1V o (=] 4 (o]0
providers requires significant time and expertise in
cloud and HPC technologies and interrupts
existing workflows.

Solution

Simcenter Cloud HPC allows you to submit jobs to
the cloud from within Simcenter STAR-CCM+

Benefits

+ Seamless access from your CFD environment
* No install, setup or maintenance required SIEMENS
» Pay only for what you use

» Adapt to changing demands for HPC

©
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——
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>
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——
0p)]

Supported version: Simcenter STAR-CCM+ 2306

Available in the Americas, and from July 15th for
+ Scalable from SMBs to large enterprises preview, 2023 in APAC
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Simcenter Cloud HPC

Licensing

« Simcenter STAR-CCM+ Hybrid SaaS license is pre-
requisite and required for local pre and post

* Credits purchased in bundles (1,000 — 100,000)

* Pricing structure provides best value for money when
purchasing larger bundles and using larger clusters

sssssss

Simcenter STAR-CCM+ specific features

* Four clusters available; 105 — 700 cores

» Upload companion Java macros and external files
 Graphical solution monitoring via new Job Monitor

' Clusters size

Contact your support engineer or sales representative for
more information
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Simcenter SPH Flow

The STS leadership team has decided to accelerate the integration of SPH into Simcenter STAR-CCM+
* Halt new feature development for the standalone Simcenter SPH Flow

* Version 2306 will be the last release with new features

* Further releases will be maintenance only

2306 New features

Next-generation explicit weakly-compressible solver
Simulate additional compressible applications through uniform capabilities in both
explicit and implicit SPH methods

Model the complexity

Go faster Dedicated Fluid Structure Interaction User Interface
Faster setup of FSI applications

Liquid realistic rendering h= : J
Stay Integrated . . et e
Produce industrial-grade scenes E "'ﬁwj‘ 7
g 3 }
{
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Simcenter STAR-CCM+ 2306
Top new features

fluids

Model the complexity

High-fidelity E-powertrain capabilities

Explore the possibilities

Gradient-based (adjoint) optimization .
Simcenter

Simulation & Test

Go faster

Expansion of GPU-acceleartion

Stay integrated

Simcenter Cloud HPC extended region support acoustics

SIEMENS
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Contact

Published by Siemens Digital Industries Software

Mahmood Alkhenaizi (Technical Product Manager)
Product Management

Phone
+973 39990208

E-mail

Mahmood.Alkhenaizi@siemens.com
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Introduction

Thermal Model Construction

Simulation Condition Assumptions

Numerical Analysis.
Numerical Optimization

Other Suggestions and Conclusion

Infroduction

*  We using CFD Software FIoOTHERM to build numerical modules, expect
reducing development cost, fime, convergence development problem
and improve design reliability.

« Case sharing: share part of our experience in the numerical analysis
process and the thermal analysis done through this lecture.

Yes

v

Thermal Design Requirements

A 4

Numerical analysis

Thermal Design Target

1 Repeat "NO

Optimization




Simulation Condition Assumptions msi

1. Turbulent flow patterns in 3D

2. Steady flow field

3. Ambient temperature is 25~ 55°C

4. Consider the effects of gravity (Y-direction)

5. The thermal power value and thermal conductivity

coefficient are fixed values.

6. Total number of grid points used: ~200 million =
7. Maximum aspect ratio of grid points: 200 i
8. System size: 440.5(W)*661(D)*543.6(H) mm =) | |
=
| i
Numerical Analysis - Flow Chart msi

Repeat and adjust

I 1

Much
. Construct detailed
Multiple blade » geometric models using 3 Numerical analysis | Numerical Result )
modules system A SeRRErE Summary Airflow
! result with
: Experiment and
1 Numerical Simulation
~ | Airflow Test with .
Mock tem . —» Experiment Result
ockup Syste N Wind Tunnel P
1
2 -
E 3}
1
. 1
Single blade . . .
nﬁodule 2—> Numerical analysis »  Numerical Result |—>»
- Analytical perspective on the board, not system.
1 - Saving time, to do numerical wind tunnel on blade.
- Import Improvement policy.
Single Heatsink N Numerical _ Numerical R
module optimization analysis optimization Result

Less




Thank you very much for Your attention
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ALPHA Networks

Wireless product thermal desig
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« EEMNEXETIEER
 Switch
« Wireless router/AP/CPE
« XGS-PON
« Small cell
« Smart doorbell

* |P-cam A

A
ALPHA Networks

Wireless product thermal design considerations

« Design Factors:
- TDP (thermal dissipation power)
- Housing size & material: usually PC/ABS
- Opening (area/ratio): ratio <20%
- Ambient temperature: usually 40-50°C for consumer prod

- Orientation:

celling mount desktop wall /pole mount upright

B o= | o e *N) 7 ‘
Ve ‘)I‘--!-(I:~ 3) 'T | / " |

s 3 " S, //,,/g/yf”/'////// . - J n N " o A
y ";. /’l/ | 'T 4 / I s .H { ol 5 >
| Co - > A
ALPHA Networks




Heat transfer mechanism and design concept

- FEETE R REOERT - BEEE

=8 > ZENR > HiRS

Metallic housing

i (ERH a%ﬁ) )
- FIIBSEES © 1. B 2. BRI ZRTE \
7 ° T%%}%EQ N ZU‘E;?/”KL%/%\IE&F%EEBE%J ALPHANetworks
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1.

Heat dissipation concept
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|
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|
|
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Heat transfer path — fanless w/ metal case

Bl EmES -
o |C HERIR ? -
- PCBififE « via =& 2% ? |
°m|ﬁﬁﬂﬁﬁ7@%

ZiRE BRI Em

‘ PCB
WBEE  HE >
. %% %EFEEE? ELCEREE

|
|
|
|
|
|
|
|
|
|
[ ™

IR ERBERN 7
T BHRR
:> ‘ —_— 9hERZEg (BIE ) A
A
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Heat transfer path — fanless w/ plastic case

« Il 2 BBEEHERR - BEB AR MEENEm
o AT EMRIRE ? ®ig ?
- AR ?BYHEE ?
- BEERAEERMAR ?
- FAEN - BB ?

IEE BB
?;;L b

A
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Heat transfer path — with fan

« Bl 3 . BB EBEFRYE M
« RN EMRIRE ? EAE ?
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|
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Case study 1: 5G CPE

Wall mount

5G CPE product info.

. . . &
« Housing material: PC o
« Orientation: desktop and wall mount J gL=S
« Dimension: 190x190x62mm S .
- TDP = 24.5W B
« Ta = 45degC

» Thermal solution;
Heat sink w/ fan(3010 x1)

\ W
1 3 L\\ /”'/v‘ o

,
D
=
=
/
A AN
|
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Thermal design concept

Top Case Plastic Bottom Case Plastic

1. 5G moduleis hot.
It needs to
dissipate heat
from both sides

(i.e. top and Bottom Al-
bottom). plate

2. With TDP=24.5W,
and desktop, a
fan is needed. The

best location for
an axial fan is at
housing side.
A
Top heat sink Bottom-Al-plate & block A ALPHA
Aluminum (Anodized) Aluminum (Anodized) ] rworkeicer
13 KLPHA V. tvorks

Actual thermal design

Actual design: S

Use two heat sinks and
a fan at housing side to
provide flow through
both heat sinks.

Bottom heat sink (Al
plate) is exposed to the
air to further reduce
thermal resistance.

Bottom heat sink
(Al plate)

ALPHA Networks




Sunon 3010 axial fan

3051 012

203 {1 0.08

A

102 4 004

0 1 2 3

4 5 cFM

0 0.028 0.056 0.084

mm-H,0
Inch-H,0

0112 014 mymin

Note: The gues on the impeler

ALPHA Networks

Temperature Results

All'IC pass temperature spec.

LLRAITriRaz
84 3 deelas | dag:

LEI0EA []
101 degt?

Bz _beaud

7.3 deglt

B2 _beead

23 5 degt?

RIL 1B
6.1 degl
RILGZ1E:1
& 7.4 deeC

Temptetor (doaC)
107

PCB/IC temperature

Heatsink temperature

ALPHA Networks




Fan speed w/ 10% derating, operating point
volume flow rate = 2.5CFM

0z

@ Specified Curve

@ Modified Curve

® Derated Curve

@ Derated Modified Curvs
@ Operating Fressure

® Operating Flow Rate

Pressure (in H20)
o
=] =
2 =

=
=1
=4

=
=
=

=
=
=

o

1} 0.5 1 15 2 25 3 35 4 45
Yolume Flow Rate (cfm)

Air flow speed (AFO)

17 ALPHA Networks

Case study 2: Wifi-6 AP

Wifi-6 AP product info. Ceiling mount

« Housing material: PC
« Orientation: ceiling and pole mount
« Dimension: 185x185x35mm
« TDP =7.79W
« Ta = 50degC
« Thermal solution:
Heat sink (exposed to air)

rwjifin

l.'; 1.
|l

|

Pole mount

18 ALPHA Networks




Thermal design concept

Key design considerations (ceiling mount):

1. Gap to ceiling: I Gap =12mm
Larger is better, but cannot be too large. iti=

==l

2. Housing bottom/heatsink material:
Metal is better than PC. Also,
it's best if heatsink can be
exposed to air.

Metal bracket

PC housing

Alpha had applied our own patent to
further increase heat dissipation.
ALPHA
KLPHA N torks

19

Detail thermal design

Top heatsink

Detail design:

Due to the nature of ceiling
mount, it is better to
dissipate heat from bottom
heatsink.

Bottom heat sink (Al plate)
is exposed to the air and
contact with metal bracket
to further reduce thermal
resistance.

Also, housing material can
affect thermal performance.

This side towards
ground

Bottom heatsink

This side towards
ceiling

ALPHA Networks
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Simulation results

IPRABRZRORE - LT ESHRISERA - HERCPURNEET) = 112.4/ (fail 2.4/) -

Ceiling gap = 10mm
Metal bracket connect with internal Al plate

Gap = 10mm Air flow

Housing/bracket

Al plate Al plate temperature
connects to
bracket
ALPHA Networks

22

Ceiling gap effect

Zceiling gapZE A5 - AFBICREE MNE - BERWNgapNEEEFNFHEK - LIEREZEGIKER - &%
gapEsmmilAZE20mmEF - CPURYRE EFE1E€10.2E -

CPU temperature:
Gap = 5mm 106.8°C

P

CPU temperature:
96.6°C

ALPHA Networks




Alpha patent illustrated

%5 7 ZEAPTECeiling mountBY FFHE BB B AV E R EFR AN -
AlphafE ¥ — <& BbracketEFR A AIA0Ea R (20 &) -

\  ¥BBbracket
AEB NG FEALLERET - ER1EMceiling gap ™ - CPU

1R E B E A2 Bbracket o] BEE31E - CPU=133E

7 \ % BbracketiZiatk

/ CPU=102

& EbracketiE a2 s L= E
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Conclusion

» Wireless E m#AR RS ZA R BB\ - RS EHEERBAREMRET

- 5G CPEAAlphat 2/ A B AR - E4hES TRouter,
AP R85 2 DR Wifi-612 FHEIWIfi-7, BB EHC>40W - S
REENREEE LARNR - BORBEERSEX -

ST A FERET - ceiling mountZworst case © TEWifi-6 APHYZ
% - Alphai®iBia A 5h %S EbracketfIsR AT AR IEATER - [EIRS
Bem e = PEIMNRERET ERERSK -
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GOLDTck

life becomes smarter
Subsidiary of Ennoconn

e

STEORIH SESXFIOEFD

042k — = 1 =/1= —s
EREEX Eanaxal 2L E
GOLDTeK Technology Co., Ltd.

Roscoe Huang =1_{%#
2023.11.17

I:nnoconn

An Innovative Foxconn Subsidiary

GOLDTek
life becomes smarter
GOLDTek Company Profile Sl IGa
COMPANY NAME GOLDTeK Technology Co., Ltd. .
FoxXconn
Taiwan
HQ LOCATION 16F, No0.166, Jian 1st Rd., Zhonghe Dist., New Taipei
City 23511, Taiwan (R.0.C) QGOLDT K |
\
China Factory: e |
- |
FACTORY LOCATIONS Shenzhen Foxconn Campus (SMT + Assembly) ‘
None-China Factory: W, l
- Malaysia (SMT + A bl S D
alaysia { ssembly) Subsidiary of Foxconn
ESTABLISH August, 2008 R
¢apal &
CAPITAL USD 10 Million - =
Foxconn Group Joined the Group in 2014
IPO June, 2017
HQ: 180 persons,
HEAD COUNT GOLDTeK Shenzhen Factory: 1,200 persons
Expert of Smart Home Products
!H:.EREEEE:!E ‘ Conﬁdential information-strictly protected under the non- ure agreement.




. GOLDTck
GOLDTek Ownership Structure & Share Subsidiary of Ennocann

T

Foxconn * Foxconn

- Strong EMS Partner for Worldwide Brands
- Consumer and IT Products Focusing
- Tierl Large Scale Manufacturing

GT Shareholders (Top 5)

Group

mErnoconn International
267 Investment Co., Ltd.

153% A LIN

265
/2 253 W HUE-BIN LIANG

W HUE-CHONG UANG

B SHU-CING HUANG

Foxconn Share 38.54% | © Ennoconn

- Industrial Computer Product Focusing
Ennoconn - X86 Platform

Corporation - EMS service with design capability (OEM/JDM/ODM)

= Others

e Goldtek
— Ennoconn 56.74% . . )
- - 1oT Product Focusing (wireless, low power consumption, water-proof..)
- ARM-Based Platform
- EMS service with design capability (OEM/JIDM/ODM)

Confidential information-strictly protected under the non-disclosure agreement.

GOLDTek Production Site - China > i:?g'f'nlprm‘i"
fiﬂ\ ubs a of Ennoconn

GT Shenzhen Factory

® | ocation: China (Foxconn Longhua campus)
® 130,000 sq.ft.

® SMT 6 LINES

® ASSEMBLY LINE over 10 LINES

® Testing/Measurement Equipment

® Shop Floor Control System Equipped

® 100% Function test

® Burn In (Aging test)

® Certification: 1ISO 9001/14001

() ISO 13485

- ¥
-
!:.E,!:!E,E,E!:!E [ Confidential information-strictly ted under the non-disclosure agreement




GOLDTck
GOLDTek Core Value ) e vocomes smarer

Subsidiary of Ennoconn

Full Functional R&D Team

GOLDTeK Engineering teams has full function, we are
capable to provide one-stop shop service on
hardware & software development which includes
ID/ME/Packing design, quality testing, Manufacturing
and EMC/Safety certification tests etc. Our R&D
team has abundant design experience of loT device.

Manufacturing Capacity
with High Quality

GOLDTeK factory is located in Foxconn facility in
Shenzhen China. GOLDTeK is able to leverage
resources of Foxconn such as machines and
labors whenever we have demands. We will
provide flexible service to make smooth NPI to
MP transition to our clients. We’re the expert of
manufacturing Smart Home/loT device.

Foxconn Common POOI As subsidiary of Foxconn group, we are able to leverage the Foxconn global supply

Leverage chain’s purchasing power. Foxconn develops and designs supply chain solutions tailored
to our client’s needs. GOLDTeK will work with Foxconn team to satisfy our client’s cost
and lead-time goals.

linnoconn -

Confidential information-strictly protected under the non-di

greement.

. . GOLDTck
Englneerlng Team Structure life becomes smarter

Y Subsidiary of Ennoconn

Full Function Engineering Team:
Consisting of more than 100 team members

H a rd Wa re Cog(.l)r;on New P!'\cfdpuzt Intro

Baseband Power System Compliance Reliability
Mgmt.

Quality Industrial
Assurance Design

Packing Design

Wireless
Comm.

linnoconn -

Product
Verification

Confidential infermation-strictly protected under the no| e agreement




GOLDTck

life becomes smarter
— Subsidiary of Ennoconn

Customers Reference

Full Experienced Smart Home
ODM Supplier

ODM of worldwide smart home Top Players. USA,
EUROPE, JAPAN etc.

Abundant camera integrated product experiences
(Hand-held Device, Security cam, Doorbell,
Intercom )

Variety of traditional product convert to Smart.

System Integration Service

Provider

PCBA Design/DFM

Thermal Simulation

Mechanical Design (IPXX)

ID/Package Design

RF System Design

Image/video and voice/audio integration

Verification/Certification service
CHAMB=RLAIN

ring

Iinnoconn

An Innovative Foxconn Subsidiary

Confidential information-strictly protected under the no e agreement.

GOLDTck

life becomes smarter
Subsidiary of Ennoconn

l:nnoconn

An Innovative Foxconn Subsidiary

@ = - a
] o RTO S Linux i
Proprietary FW = =amaar O '%"5'0
anN>33QID
MCU Cortex M series Cortex A series multi code
Microcontroller-oriented processors Applications processors for full 05
Nordic NORDIC Ambig @ ° SigmaStar .
nRF51/52 series  » ““‘“{“_'j“""": Apollo 3 Blue amblo SAV533/530 Slgm@Star
¢ X @
Silicon LABS rearek N3/ REALTEK ~ Reckchio  Rockchip
( 1 . .
EFR32 Series RTL8752CJF /Ameba Pro RK32 series .RK31 Series
SILICON LABS
T *? TEXAS Nuvoton nuvoTonN Allwinner Allwinner
MsP430series  INSTRUMENTS =~ MO32LSeries %7 /&= %4 52 AG3/A83 Technology
STMicroelectronics F’ Ambarella %%, NXP ;
STM32 Pl 4 ) cv22/28 series  Ambarella. I.mx8 Series m
icroelectronics Al ervisioned

Confidential information-strictly protected under the non-d sure agreement.




RF- Equipment List hid b

AN Subsidiary of Ennoconn

]\I
Anritsu MT8820C
4G Radio Communication Analyzer

3
-
«
o
<
-
-
@

Keysight N9322C
Spectrum Analyzer (BSA), 9 kHz to 7 GHz i

Qi 55T SubiGHz |
FM RADIO ‘m ANT4H m '-..‘ o .....' GPRS\\\

_ . - Broadcast:- @ R HE.
GSG-5 S ,g,ss = -

GNSS Simulator:

LitePoint IQnav
GPS Simulator :

Anritsu MT8821C
Radio Communication Analyzer
FM/AM Signal Generator Wi-Fi/LoRa/Bluetooth/Zigbee Tester: Lite Point LTE/ M1/NB-IOT

1Q fact studio

Igxel-80 Test System Wi-Fi automatic tester

Iinnoconn

An Innovative Foxconn Subsidiary ‘ Confidential information-strictly protected under the non-di greement.

: : GOLDTck
RF- EqUIpment Llst life becom_es smarter

— Subsidiary of Ennoconn

MS2830A

Spectrum Analyzer/Signal Analyzer
R&S ZNBS 13Ghz Anritsu
ZVL6 Vector Network Analyzer, 4 ports,

Network Analyzer w/ 9kHz - 8.5GHz,
Spectrum :Rohde & Schwarz =

.\‘ =t /

orn0s e

Fotum Loss (dB)

Frequency (GHz)

10db/1db
Attenuator

Shielding Box

RF Chamber Shield Room

I:nnoconn
L

An Innovative Foxconn Subsidiary sure agreement.




RF- In House Chamber GOLDTck

life becomes smarter
1 Subsidiary of Ennoconn

OTA Test Chamber - . NS

OTA chamber is an essential tool for developing wireless and portable 10T devices. GT has an

in-house OTA chamber which provides highly efficiency in design phase when validating
product RF performance.

»  Size: Lx W x H=7m x 4m x 3m

»  Operating Band : from 700MHz to 6GHz
»  Measurement:

O Antenna Performance (Active /Passive)
O Antenna Radiation Pattern
O Through-put

4
. ,Ozozo
o
%
A
“\
&
&
%

IZnnoconn
An Innovative Foxconn Subsidiary ‘

life becomes smarter
L Subsidiary of Ennoconn

Thermal test equipment GOLDTek

=
\ |

GT has temperature chambers in our laboratory, and we also work with 31 party venders for
thermal simulation report & related solution via temperature simulation tool.

/
o4

Temperature Chambers in GT’s laboratory

 Right: General temperature & humidity chamber, temperature range from -40°C to
+150 °C, humidity from 10% to 98%
Left: Thermal shock chamber, perform high & low temperature cycles within

certain short period of time. High temperature ranges from 60 °C to 150 °C, low
temperature ranges from -10 °C to -65 °C.

l:nnoconn
An Innovative Foxconn Subsidiary ‘

confidentialinformation-strictly protected under the non-disclosure agreement.




GOLDTck
life becomes smarter
Subsidiary of Ennoconn

Outdoor/Indoor Smart Camera

Standard Product Marimo

[ ]
l:nnoconn
An Innovative Foxconn Subsidiary

Marimo

Multifunctional Security Camen




GOLDTck

life becomes smarter

Functions

4 IR LED
Objects can be clearly seen
in night mode.

Indicator LED
Indicates the status of the
device.

SD card

Can store video local and
cloud

Ball pin wall mount
Can adjust the horizontal
and vertical angles in a wide
range

GOLDTck

life becomes smarter

ALS
Detect light intensity to switch
day and night mode

MIC

Provides two-way talk.

1/4” Screw nut
Can be used with any
camera mount. Call out/ Answer

i button

-
——
TS Speaker
Wi ————— 44— Two-way talk, prompt
| sound in different modes.
‘ |
3\ J Security screw nut
~ > Prevent device from

being quickly removed




An Innovative Foxconn Subsidiary

) GOLDTck
Marimo — Outdoor Smart Camera life Becomes smarter

Subsidiary of Ennoconn

Camera:

. Image sensor: 1080P, 2MP

. FOV: 106°(H), 56° (V), 127° (D)

. Resolution: 1920 x 1080

. Video compression: H.265 / H.264
. Night vision: 850nm IR LED x 4

. Motion detection: Yes

®
&= -

A\'

_am
;D

R

Connectivity:

*  Wi-Fi: 802.11 b/g/n @2.4GHz

» Safety: WPA/WPA2, WPA-PSK/WPS2-PSK

*  433MHz communication with remote button

Interface:

. Power: 5V@1A power adapter
. Mic: Omni-directional

. Speaker: 1W, Built-in

. TF card slot: Built-in

. Antenna: Built-in

Environment:
» Operating condition: -20°C to 45 °C
* Humidity: <95%, non-condensing

l:nnoconn

Confidential information-s

An Innovative Foxconn Subsidiary

GOLDTck

life becomes smarter
Subsidiary of Ennoconn

Advanced Electronics | | e
Module Cooling

B AH R BEZE BFRM

Pc?v.verl LED Module EDA Bridge
Electrification Module

B REER BFHE

B
v
j

RS- \.
_—

Design EMAG T3Ster
Exploration Module Calibration

o= 3] BT & A RE

Smart Camera
Structural BCI-ROM T H E R M A L
STRUCTURE

Module Module
BB AT RRRER

I:nnoconn

Confidential infermation-strictly protected under the no| e agreement 18




« e . . GOLDTck
Solar radiation simulation Stusidarsof Evconn

The color temperature of solar radiation is about 5900K radiation, and the radiation energy reaching the surface of the Earth's atmospher

e is about 1366W/m"2. The radiation energy will be weakened by atmospheric absorption, and the related radiation strength will be diffe
rent through different atmospheric paths.

The International Commission on Illumination (CIE) publication 20 simulated the cumulative intensity and spectral distribution of solar r
adiation for experimental tests, with an average total intensity of solar to terrestrial radiation of 1120W/m*2

AM = P/P0 = sec 02

AMO: The average illuminance of sunlight outside the atmosphere; The standard solar constant Q- TENTHANGLE i e i
irradiance is 1366W/m2 N\ nys ]
AM1.5: The average irradiance of sunlight passing through 1.5 times the atmosphere at an Ang NN

le 6=48.2 degrees to reach the surface is 1120 W/m2

W ATMOSPHERE  AM 10
2500 ) ——— o

G Y

nve -
ideal black body Yearly sum of Global Horizontal Irradiation (GHI)

(temperature 5900 K)
extraterrestrical sunlight ‘
(air mass AMO) 1366W/m?

terrestrical sunlight szs0mn
(alr mass AM1.5) 1120W/m? e

2000

radiant intensity

1500

1000

|
500 ‘
s ‘ Global solar illuminance distribution, regional illuminance range /

. ¥
850~1600 W/m”2 in the figure 4

500 750 1000 1250 1500 1750 2000 2250 nM = g%

visible IR wavelength  souce: Meteonom 7.1 (wiwmeteonorm com); uncertainty 8%
I' h Period: 1991 - 2010; grid cell size: 0.125" March 2014
ight ']

250
uv

. e ) GOLDTck
Marimo Solar radiation s1mulgt30n Lo (ke

Simulation 3°3=27 groups, solar radiation position combination| & Whstifansiysis - | 5 [ | b [Whet FAnalysis |
i3 Input Varl'ablesl 5 (f)iutput Parameters } ‘Scenariél LS:J Results Summary i# Goals!
g H OO =X|a a@|s
Analysis ype Consider closed c avities Parameter CurrentValue  Waristion Type # Values
O Intemnal [[] Exclude cavities without flow conditions Directioh X{SoletRediation)) |0 SRR | 3 |R
Direction ¥ (Solar Radiation) -1 =2, Step Around 3 1,01
© External D Exclude intemal space Direction Z (Solar Radistion) 0 2. Step Around 3 1,01
Physical Features Yalue A | What If Analysis 1
Electromagnetics O B What f Anelysis ~ | 25 [ | bed [What FAnalysi ]
[ Radiation 5 Input Varisbles | 16 Output Parameters | (5] Scenario | (5] Results Summary [ Goals| i Mesh 1 [ surface Plot 1]
Radiation model Discrete Transfer v W imeges - [ ]| B orgmal - | B | B | B B
Environment temperature 35°C
= L % Design Point 1 Design Point 2
Type At Earth ] [~
Defined by Direction and Intensity e
X 1
bd -1
z -1
Intensity 1120 Wim"2
[+ Gravity M
Rotation O
Free surface O G Diecion s (olor Radiatomy = 4 Bl R
n Direction Z {(Solar Radistion) = -1 Direction Z (Solar Radistion) = 0

l:nnoconn .
a

An Innovative Foxconn Subsidiary

Confidential information-strictly protected under the non-disclosure agreement.
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life becomes smarter
Subsidiary of Ennoconn

Total 27 cases@?35°C,Intensity 1120W /m?

: . GOLDTck
Simulation parameters ,

Parameter IDesign Point 1 |Design Point 2 [Design Point 3 [Design Point 4 |[Design Point 5 §Design Point 6 |Design Point 7 [Design Point 8 [Design Point 9 [Design Point 10
Direction X (Solar Radiation) [ ] -1 -1 -1 -1 -1 -1 -1 -1 -1 0
Direction Y (Solar Radiation) [ ] -1 -1 -1 0 0 0 1 1 1 -1
Direction Z (Solar Radiation) [ ] -1 0 1 -1 0 1 -1 0 1 -1
Temperature (Solid) ['C] The Highest
Maximum -7.302697805  |F4.711401786  [-2.202128664  |-7.757248484  |-3.224353932  {75.98379579  J-11.73174725  |-10.16482622  |-6.849680991  |-6.466876471
Temperature (Solid) Maximu E% ég
= | as
+—Design point 1 520
i * 2 . Deai:n Point 2 7 ggg%
* Design Point 3. :; gg
> r 4 Design Point 4 )
e ¥ [ N ¥ Y - Design point 5 B
o Design Foint & Tompersure ol
- 2 4 o7
P < 4 4 Design Point &
E“’ | 4 Design Point &
H ¥ 4~ Design Point 10
£ Design Point 11
3" o Design Point 12
% & Design Point 13
ot T o Design point 14
as +—Design Point 16
4+ Design Point 17
+—Design Point 18
0T 4 Desian Point 19
= ~ Through simulation, it is found that the high temperature heating area
& of Case6 conforms to the heat resistance specification of plastic

An Innovative Foxconn idiary

I:nnoconn materials and is not easy to occur thermal deformation design

. e . . GOLDTeck
olar radiation validation tests report B
e Subsidiary of Ennoconn
- = = = = = - -~ | = - i = R = - =
\ /
\
jﬁs |
: TEST REPORT SGS
S 1esT REPORT RegotNo Reliability Laboratory ReportNo.: HCNO0 2z TEST REPORT .
\ L oo A > - Reliabllity Laboratory Report No,
.= e y i
i ::K Nasalet o ¢ Pag: 3 of 4
# ;
1. Solar Radiaton Test:
Tes: Equipment: Specitnen;
1 Style/ Item No. EVT/No.l
H\T‘(h HE DIST. Name Brand Model Serial No. v 2
GUDTER 'm l“)\(’ Quantity: Total 1 piece
166 N0.166 \“\ N Solar Simulation Chamber GLANTFORCE GUVTE-2000-40-CP-AR  MAZ2111-001
NEWTARELC e veador 35 Test Result
gedby be Sed el
chapdise ¥ “mmm“‘\ *:‘ﬂ‘\:" Lab Environmental Conditions: —
following 0" u o e Al ~ eck Item|
Y:W - Amln.mmnp.cmtmm 253 3] Appearance Check
B X 2 Ambieot homidity: (33 4 20)% RH \\ (Visual check)
sl Toul 1 P 5.0 Style/ Ttem No,
Quanity: o 4 20N o i )
Tesing et el e Tes: Location No_115-L. Sanjun St. Shulin Dist. New Taipei City. Tainan F———
. Jadefo deil)
) as eVt loving et _—
e siuited s - ) EVI/Nol Novisible dumage =
Webetesed R Tes: Method! |
g0 D o o
w}ﬂ‘@ &q\x;(;&n\“l aTest Test method: JEC 60068-2-5 Edifion 2.0:2018. Procedure Sa 1 and client’s requey
. 18- Sample condition: Operating
SESEE ATTACHED SHEE 3
s P Radiation source: Mstal balide lamp
= Irradinace: Spectral imadiance of 1120 W/n® at 300-3000 amn
Exposing duracion: 5 ss
Caunber S0°C for imadiation. 25°C or darkness
Test dusetior: 1 cycle
®  Examine the appearance of specimen(s) by visual check after test.

l:nnoconn
An Innovative Foxconn Subsidiary ‘




GOLDTek

life becomes smarter
Subsidiary of Ennoconn

W Simulate a user setting up a camera

Task 1. Fix the head on the wall
2. Apply 3.06kg downforce

2

Action 3. Ball shaft part - stress and strain, whether it meets
the safety design

Result Observe camera 1.2.3 body, whether the structural str
ength is properly designed
Overlay cycle, speed up design correction

I:nnoconn
An Innavative Foxconn Subsidiary ‘

Confidential information-strictly protected under the non-disclosure agreement.
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Fixed on the wall, applied force on the top GOLDTck

Observed the product structure analysis sl Frmostan

-  30N=3.06KG

Force

ace<7622> ME ASM_ASM_2 ASMO'
“ace<7623> ME ASM_ASM_2 ASMO'
ace<7626> ME ASM_ASM_2 ASMO"
627> ME_ASM_ASM_2_ASMO'
sce<7630> ME ASM_ASM_2 ASMO' V.

@ Solid Materisls ~
@ Top cermamic
i Boundary Conditions

D4 Radiative Surfaces

D74 ABS+PC 1
{3} Two-Resistor Components
[ Frinted Circuit Boards

%5 Electrical Conditions
% Electrical Sources
@ Initial Conditions
# Gosls

5@ Constraints

B0

& Loads

59 Solid Materials
Te ic

B Globsl Mesh

@ Local Mesh 1
@& Structursl Mesh

@ structursl Mesh Oefault)
B8 Results (Not loaded)

w: [

1. Constrain the fixed surface B

i
() [Face<923>ME_ASM_ASM_2_ASMO1-6/
Face<926> ME ASM_ASM_2.ASMO1 -6/

2. Apply force to the loading area
3. The ball shaft contacts the sliding area

v Sccond Region |

(1) [Face<3005>ME_ASM_ASM_2 ASMO" A
Face<3008>ME_ASM_ASM_2_ASMO'
Face<3009> ME_ASM_ASM_2_ASMO' V.

v x| |
I'nnncunn @ Stuctursl Me W . y
H @ Structursl Mesh (Default) L
An-lnnuvalive Foxconn idiary ‘ B8 Results (Not losded) o hsure agreement. 24




Von lises Stress Pa]

Surface Plat 3 contours

179.561

FIoEFD Structure
Simulate user installation techniques

‘Yon Mises Stress [MPa]

Surface Plot 2: contours.

Marimo Structural analysis summary

The magnitude of the equivalent stres
s in the sphere axis is related to
Where damage may occur

GOLDTek

life becomes smarter
Subsidiary of Ennoconn

N

o]

von Mises Stress [179.561 MPa

—

-
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An Innovative Foxconn Subsidiary

Confidential informatio

Advanced
Module

Electronics
Cooling

B AH R EFHR

Power
Electrification

B RFER

EDA Bridge
Module

it

LED Module

EMAG
Module

BRI

T3Ster
Calibration

&R RIE

Design
Exploration

o= 3]

Structural
Module

Emo

BCI-ROM
Module

EHEE

GOLDTck

life becomes smarter
Subsidiary of Ennoconn

Camera IR LED
Light intensity and heat
dissipation design

FloEFD™
‘ahTools

I:nnoconn

An Innovative Foxconn Subsidiary
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LED light source distribution and thermal countermea

/)

7 o Brlgh (e |_< SL3838F85CQ00

Asymmetrical light

Dimensional Drawing

LED monomers list different amps (A)

GOLDTeck

ecomes smarter
ubsidiary of Ennoconn

3.5 Light and thermal power ratio actual
type, oval shape g p
measurement data table
n
%«
o
Die
L2509
Ta:25°C RUEDHE 2 *ij’l’* AL "’;v”’”* AR LR *‘(ﬁ,‘ Reh jc=K/W  AT=Rth jc* (Power)
Parameter Symbol Rating
1694 48.468% 0:821 51.532% 0873 9.000 7.855
Forward current IF 1A
Power consumption Ptot max. 22 W 0.75 1621 1216 51.119% 0.622 48.881% 0.594 9.000 5.349
Pulse forward current I3 max. 3A
05 1542 0771 54.376% 0.418 45.624% 0.352 9.000 3.165
Reverse voltage Ve max. 5V
Junction temperature Ti max. 115 0.375 1498 0562 | 54676% | 0307 | 45324% | 0255 9.000 2201
. i 513838F85CQ00
Operating temperature Top 1449 0.362 56.385% 0.204 43.615% 0158 9.000 1422
Storage temperature Tog 13%0 0174 57.344% 0.100 42.656% 0074 9.000 0.667
Soldering temperature Tsol 1375 0.138 57.644% 0.079 42.356% 0.058 9.000 0524
Thermal resistance junction R 3203% 11757

I:Nnnoconn

An Innovative Foxconn Subsidiary

Confidential information-strictly protected under the non-di

losure agreement.
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Rthjc via T3SSTER_Measurement Process

Structure Function

Integral Structure Function @25°C
*Use TDI Method (diff. Thermal Pad) LED Photo
JESD 51-14Yellow Pad Thermal

Measure Parameter

Conductivity = 3.5W/mKBlue Pad | measure 20ma
Thermal Conductivity = 6.2W/mK 1drive 1A
Ambient Temperature 75°G

Subsidiary of Ennoconn

! Set Parameter SL3838F85CQ00

GOLDTck

life becomes smarter

*Rthjc =4.534 K/'W @2A
TSP Calibration

12 T

= ‘09 eusinai function R' 0999879

15

bhage [V]

T3STER actually measures @2A
LED typical resistance

Ensure that the thermal parameters of the LED .
monomer are consistent with the product datasheet ]

-

l:nnoconn

An Innovative Foxconn Subsidiary

SL3838F85CQ00

T(°C) VelV)
1.16323

1.15226

T1
T2

15 114104
T4 1.12962
15 111814

T6 1.10650

Sensitivity

(mV/K)

Confidential




. GOLDTck
Board Level Transient Measurement Result life becomes smarter

Subsidiary of Ennoconn

CTAS warimo0316-2MR (Frame, T=0000kec)

—— 438

@ l T [Pi741q) [ = 3 ez
@ ﬂ.‘ml 300
W T e e REFREE Frame 1->120
@Ambient 25°C,input 0.375A , heat source == et ,
0.255W,Rthjc:4.524K/W ,0~180 sec build up = =
LED Surface:80°C s 5 e e s A D SETEEEEE e
LED T-junction:78.8°C(Spec 115°C) - .
Shift the ambient to 45°C "t = i ] ] ek E : E : = i =
LED T-junction:98.8°C still within Spec 115°C - o L

Iinnoconn

An Innovative Foxcann Subsidiary

onfidential information-strictly protected under the non-disclosure agreement.
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. . . GOLDTck
Night Vision Compression i bocomes smarter

Subsidiary of Ennoconn

Marimo2 Wyze Battery Cam

I:nnoconn

An Innovative Foxconn Subsidiary

Confidential information-strictly d under the non-disclosure agreement.




IR LED Uniformity measurement result rird b

Subsidiary of Ennoconn

Marimo @4M Wyze OG @4M Wyze Battery Cam @4M

The uniformity of the surrounding The uniformity of the surrounding The uniformity of the surrounding

corners is relatively consistent corners is darker and the middle is corners and center is dark
brighter

Confidential information-strictly protected under the non-di ure agreement.

innoconn -

Comparison of optical simulation results with actual measurement@ ﬁg'-,,PTmak
n Irradiance chart (W/mm”2) mw/mr2| IRLED I
— N mW/m"2 | mW/mA2 | mW/m"2
- Distance | Marimeo2 | Wyze OG We::aﬁe
15m 036 0226 0161
1.28 .., 14m 0439 0258 0186
e il {1 28126112610 5 05 028 | 0215
gueigiiogtiy mgmwmmmmimwmfm R 12m 0.59 0.344 0.236
; 11m 0.66 0395 0288
10m 0.82 046 0.34
9m 1.028 0575 0418
5.1 w | (51-49/4.9)% [4[ 8m 1261 | 0725 048
I =4.1% 7m 173 0.96 0.675
. N 6m 23 126 0915
~ ~ 5m 313 1774 128
| 4m 49 2.515 19
pr (81.9/90.5)*% >m 83 o1 56
00 81,94 m__=95% 2m 193 11 8.1
Se====a im 90.5 50 38
e . Comparison of illumination simulation software Light tools and
S S | —3 ol i iati H ) 0,
ELmodenn o Too’s actual measurement >The maximum deviation value is 9.5%

.. - co
AL bl LR i I The mean deviation value is 5%




GOLDTeck

life becomes smarter

IR LED uniformity measuremen/l:.{\esult Subsidiary of Ennocann

B2 L =0.0000
L =90.000

[
90 -80 -70 60 -50 40 -30 20 -10 0 10 20 30 40 50 60 70 80 90
degrees

Import asymmetric light type, SL3838F85CQO0H

Surpass competitive products and meet the two factors of prod
uct design

1. LED heat dissipation, low thermal resistance Rthjc:4.5
2. LED average luminosity, light intensity 4.9~5.1
enhance the uniformity around

(Figure 1.2 red area and curve)

Marimo @4M
The uniformity of the surrounding corners is
relatively consistent

Iinnoconn =~ Brightek

An Innovative Foxconn Subsidiary e e

Confidential information-strictly protected under the non-dis
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Battery heat dissipation simulatio life becomes smarter
A\ Subsidiary of Ennoconn
Advanced Electronics e e
Module -

Cooling

FTEM

LED Module EDA Bridge

Electrification Module

Al =S & O
EHREEN RS BEES

Design EMAG T3Ster
8 ! , Items Item Properties Tables and Curves
Exploration Module Calibration Froperly Valus
Name Battery with real coeficients (Y)
S Comments For Testing
EEE(t TREDHT BRI Density 2750 kg/mA3
Specific heat 823 Ji(kg*K)
Conductiviy type Orthatropic
Thermal conductivity in X 2805 W/(m'K)
Thermal conductivity in ¥ 3.4 Wi(m'K)
Thermal conductivity in Z 28.05 WI(m*K)
Electrical conductivity in X Conductor
Resistivity in X 7e:08 Ohm'm
Structural BCI-ROM Electrical conductivity in Y Conductor
Resistivity in Y 7e.08 Ohm'm
Electrical conductivity in Z Conductor
MOdUIe MOdUEe Resistivity in Z 7e-08 Ohm*m
Radiation properties O
T Sorption properties ]
ki RERE ~ Melting temperature
Temperature 172815 K
Elastic properties a

I:nnoconn

An Innovative Foxconn Subsidiary Confidential informat




« FLOEFD
Created

More accurate

l:nnoconn

An Innovative Foxconn Subsidiary

chip models can be constructed in the following four way@ GOLDTck

using the Level 2 construct +Ft Subaldiaey of Ennoconn

Model of component Expacted Results Commaents FIoTHERM XT Object

Leswerl 1 — Huzsleel cuboid Cstimashe tempeasiures of @i and PCG lermperalees Soverage 1O package Cubuid
wriabaial libany is
availablz in TRTHCRRM
=T
Lawel 2 - 2 resislances Tamparature of air and PCB is mors accurats than using 2R madal Mebeork assemily

(2R cuboid. Junclion and case temgsraiure (up o 20% of ermor JEDEC Standard
O UnCton lemperstre ) -
NH © TP fIopa ch. cam provide modets = )

MR rivexde]
JEDEC Standard

Lewel 3 - Mulll resistances
(MR)

Gond estmation of junction and case wempersiung NB @
hitpe s fIOpack ¢om provide mades and arror randgs on
neteork crestion

Metaeork assemily

gl Cr

nibily inchucding s
5 wilh Culs

Lerwszl 4 Doizliileacd imohol

2 Resistors

Detailed

n o

et

Multi resistors

Confidential information-strictly p d under the non-d
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@ Sircerter FLOEFD Package Cruto:

BHRH
ARRR
Jedec BETE
Jedec 3|5

WHE

o
O
*

o
LU T ]

Bu

bl

i

|
l:nnoconn

An Innovative Foxconn Subsidiary

HMEE —
. 28
| EEEAER ——Jesesmasses. 0000 0 0 Seesseesd
| LU LT n ESULER n mzsimse | RS, n A=
Ts50P soP afN ChipArray FOWLP
R [ ] EMEER B BEREHE | | BEERRAE [ SEMEHE
WirebondPBGA FlipChipPBGA ThinTO263 TO263 Toz220

GOLDTck

lifa harnmes smarter
Ennoconn

FLOEFD Package Creator &

SOP-8

|SesE v mrm | Jiﬁif%l B
3.81x4,93mm v -
8 v|w
14100 W e -
14790 = T
1.1430 .mm =
: iz ¥

sure agreement
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Temperature (Solid) | 106,30 *C

5387
48.10

Temperature (Solid) [*C]

Surface Plot 1: contours
Surface Plot 2: confours

Surface Plot 3: conlours

Sutazo Prel 2 comizure

Steady state Items [tem Properties Tables and Curves

Steady state
Package level
Analysis battery Charging

GOLDTek

life becomes smarter
Subsidiary of Ennoconn

W

9 o

23 & L
h 13 i) L

| o& | & | &

Significantly reduce
thermal risk before
sample build

Property
Board level Hame
Commenits
PCBA + Charger IC Density

Specific heat
Conductivity type
Thermal conductivity in X
Thermal conductivity in ¥
Thermal conductivity in Z
Electrical conductivity in X
Resistivity in X
Electrical conductivity in Y
Resistivity in Y
Electrical conductivity in Z
Resistivity in Z
Radiation properties
Sorption properties
| - Melling temperature

Ennoconn bty

Elastic properties
An Innovative Foxconn Subsidiary

Value

Battery with real coefficients (Y)

For Testing
2750 kgim"3
823 JI(kg"K)
Orthotropic
28.05 WHmK)
3.4 Wim*K)
2B 05 Wi[m*K)
Conductor
7e-08 Ohm*m
Conductor
Te-08 Ohm™m
Canductor
7e-08 Ohm*m

d under the nc

Charging Transient Phenomenon

Time=0s

Simulate charging state, internal components - thermal transient changes

Temperature (Solid) [C]

Surtace Plot 1: contours
Surtace Plot : contours
Surface Plot 2 contoure

l:nnoconn

An Innovative Foxconn Subsidiary

IC power (watt)

Confidential infermation-strictly protected under the non-dis:

Power consumption trend

120

100
090
080
070
060
050
040

°
8

0

010

000 &

0 5000 10000 15000 20000 25000 30000 35000
Time (SEC)

Time=05s 12888

Temperaturs (Soiig) °C]

Surface Plot 1: contours
Surface Plot 3. conours
Surface Plot 2 conours

re agreement.
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myQ Smart Garage® Video Keypad
Kk KKk K 41(362) Witeareview

Iinnoconn

An Innovative Foxconn Subsidiary

Actual product for MyQ VidegﬁKeypad

Charge using the charging cable

GOLDTck

life becomes smarter

Subsidiary of Ennoconn

Ensure safe and secure
charging of battery

products

Confidential information-strictly protected under the non-disclosure agreement. 39
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JEb sl il ¥ 2 CF D5 ¢

CFD simulation of Store Separation from a 3D Delta Wing

MEE 2023/11/17

DR J e
National Chung-Shan Institute of Science and Technology
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| h - misiss

HIEIRIB
e 1.2 BRATE
BE (m) 11,600
YIEME
BHE (kg) 907
BOMmE (m) 1418
EEEEx (kg-m?) 27
BEIESyY (kg-m?) 488
BBESz(gm) |48 —_
i 1B WAl
AIENME (M) ~0.1805
BRNMIE (m) 0.3285
Ai7E S (NY) 10,700
BN (N 42,700 “
BEE (m) 0.1

10/29/2023
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- STAR-CCM+15 #5¢
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a5 - 236

|E7N

o [5fEF8 7 4t Runge-Kutta

U F=[a(V)/de] +BxmV  F
- BN M =[dH/dt] + & x H \
o B R % <
0 SERSEEAR £ - 321 2%
- @T:T:EHMKZ, Y, XﬁEﬁiﬁ?QIb, 0,y w
B R R

Ia B — B
E

:E]u
:@

| nn‘

%00

o 5&:0.25m
- WA —6°~6°
- B A -6~ 0°

o0 =&E:05m,1m,2m
-IWHA:—6~ 6°
-EA—-12 ~0°
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—
SEIE T — (R E

017 0.005
—y— dz=0.000, m=1.20, o= 0.
v 0.004 F —— dz=0.250, m=1.20, p= 0.
0.16 ¥ | —@— dz=0:500,m=120, p= 0.
A dz=1.000, m=1.20, f= 0.
0.003 f —@— dz=2.000, m=1.20, o= 0.
0.15 - - a5 - - dz=0.000,m=120, = 0.
= % R - - % - - dz=0.250,m=1.20, = 0.
o =0.002 | T --Q-- dz= usoom-uos o.
0.14 © o ;o 421000, m=1.20, p= 0,
0.001 ek Ak 20 p= 0
0.13 ok
0.12 -0.001 3 7} 5 5 5 ) &
Alpha(degrees)
0.12 0.05
0.1
ol
0.08
0.06 005k
5 ® > 0.05
5 004F =
(8]
002F 01
of
) 0.15
002f
004 7 > 0 3 ) 6 0273 ) 2 0 2 7 6
03
02f
01r
N
(8]
ol
-0.1
02
Alpha(degrees) Alpha(degrees)
10/29/2023
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| o as st — 45

0 2885 trimmed cell
0 H=: 5008

0 B Foverset

o ¥&Bcadaptive mesh

R
I
SEsEsasaasE HEmdsSaaasaanasasRassnans:
10/29/2023 0 S

B

a

5

| mmasisBE — HiRBRE

Absolute Pressure (Pa)
4.92e+04

_%’ I E—————

2.5e+04

Solution Time 0.5 (s)

10/29/2023 10
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nE

location [m]

velocity [m/s]
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time(s)

L codeu == == staru O  expu 5 . |
codeVv == == starv O expv
codew == = starw O  expw
0 0.1 0.2 03 0.4
time(s)

velocity [m/s]

angular velocity [deg/s]
IS ) N > o
o o o o o o

&
S

_——'_-___O__O“
~
codeu == == staru O  expu - ]
codev == == starv O expv
code w == == starw O expw
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time(s)
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& - = 0= &
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o
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codeq == = starqg O  expq Q)O\ N
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REFE = ARY LPEEFT R BELHE
F 4 A IFREE Ry R
1128115 17p

- ~EH%d 2RI

gﬁ_y\X_}/\m }\’}‘EXE— = E] #&Fé%gp‘;‘}]? IR# el IF%B‘;‘*:%}?F_:}L_ %&% /I[\E; 1L
;1:

(Hub Vortex Cavitation) » i ¥ § £ {7 p s? VP EEvRg o STt - R
%0 A p TR %:JE i (Propeller Boss Cap Fin, PBCF) 2 3 Jf,” H-ig it
/.,9:_‘/: o

@Fﬁﬂiﬁqp%ﬁ%Wﬁaméﬁ@i Rk R o &
%}» /‘J‘/’;&t/fg{:’f!)i g = ﬁ;/ /]]i’-;?tJ R A AT %ﬁéﬁ”f‘—"i/{@gpéi%t
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_ 21 ] 2 2 2. :a' 2P

S 2R E X E AR = 1=
. WP
AR R R M 5 R D B REX AR REEET A
R RO A {52 BANE - RSP AR
(1) Bl ™ P2 i o i B ' 1K15% » B 4w 2120% o
© FEGFR
CREAN S HERMMMFE L% A RFR N SRRP R
LR E S 5w % B T2 30% o
2. *%ﬁ%ﬁ%ﬁx)@k?“u"iﬁl?ﬁﬁ1&— R o

HtpEE o 2 AR M e A L B R X N5 o
‘1’;%&— 85 5 PBCFO2 it » HREE &30 & fTr At %82 £ 8 5 0R -
g b #F 3R % 2 PBCFOF i & ¢ e s (iny < 3 H #1990 £ ¢ Bl &)
ZEXEEARALZR TR ‘ﬁi’zﬂéSﬁ » R P ERAL Z360/5=T2R > A FTA
#70~18-36 542 fpiz £ 2 & -

PBCFO%; #2 # D=045m 5B P/D=1.253 EAR=0.5

/R | Tmax(nm) | Chordmm)| PD | TC [ FC | CD | TD | XD | TEtD | Skew(depree)

05 | 15750 | 11385 | 0750 [0.138340] 0.020 | 0.253 [0.0350 0 | 0.010 0

0.6 | 14085 | 12510 | 1.014 [0.112590] -0.018 | 0.278 [0.0313 | 0 | 0.010 0

0.7 | 12825 | 13590 | 1253 [0.094371]-0.016 | 0.302 [0.0285 | 0 | 0.009 0

0.8 | 11880 | 146.70 | 1465 [0.080982| -0.014 | 0.326 [0.0264 | 0 | 0.009 0

09 | 11250 | 15795 | 1654 [0.071225]-0.012 ] 0.351 [0.0250 | 0 | 0.009 0

10 | 10800 [ 16965 | 1817 |0.063660] -0.010 | 0.377 00240 [ 0 | 0.009 0

27
= CEEFHHE I A 1T(— )an

e Star-CCM+:# B ¥-#ic i@ %%

AR R

O 48 > 2 Pt i 36/ 4p £ Bhh i

187 4p = 4 Pty iy S4B AR = A4 Pth i
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o {8 /%@/-——'4“\ 17
E IR %w = #0.1DAUD= I # 7 [2)T 5 # 2 T
T HER iR B or > zﬁ‘)§1®~f§¥ S F o

187 4p 1> %.PBCFO%& 2_fhe o %‘:‘;LKT—J»‘H-_k), o i
B B s 3Y0.051/R R 'in%n(.—x] "Z%rﬂ;] 2 81.5%
cnss (IR k2t o

ey o 18R 4p = £ PBCFOBLMY fh 2 ¥ 414
T hE R B

% 4p i £ PBCFOF M 5+ 0.051/R Az 2 B 394k
%iilﬂgl%d’ﬁi%uﬁ B3R 3 EY RGP
AP SR 18R R ,« £ PBCFOFK 1 i 15 5 »0h P oo 804
T TR AR K
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BB Rt & (8 k2 A 17 (— )on

- phig R T o Sl ER - 2k
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F]’J ?‘:;‘E l%%lb o

£ &3 & EPRCFOR i &2

‘ BRIEERS  EREAEE  BEER)
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T REARAANAR 2A57
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Il i I [T e Py

=1 ¢ 1-t=
2 l't‘:’L”E'* o Lo BAEER

PBCF0 0 | PBCFO 18 | PBCF0 36 | PBCFO 54 J£ Cap

1-t 0.6435 0.6506 0.6506 0.6528 0.6693

Pt df 1-t3 4o iy MR 3 B & (retardation) 7% 5 P AF
%o #2215 > PBCFO 182 # i & 225 p 4 -

n C1.2294 ) 1.2245 1.2265 12217 (2175 ) >3 L 8 72 2 1%
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- — vk S =L L
2z~ 2 P EGTE R an
: %’*\ﬁ e
**PBCFO_I8HM i Al + o4 PAA 431 5 5 it ST B 32 Jiio

2R AR R FFIT A0SR SRR & SLRPBCFO_18%ki i
e+ 123458 2 PBCF1 18 ~ PBCF2 18 ~ PBCF3 18 ~ PBCF4 18 -
PBCF5_18% $#PBCFO_184 th#% U} §E-| 1 ~ 2~ 3 ~ 4~ 5/ 2 PBCF-1_18 ~

PBCF-2_18 ~ PBCF-3 18 - PBCF-4 18 - PBCF-5_184 3+ 3| iy it i+ 5 A 45

e A ey

el b ﬁ’rmﬂgr—r ey <

PBCF1 18 | PBCF2 18 | PBCF3_18 | PBCF4 18 | PBCF5 I8

/R P/D P/D P/D P/D P/D 9 EE T —‘é

0.5 0.784 0.819 0.854 0.890 0.927 DEEETT R

0.6 1.057 1.101 1.146 1.191 1.238

0.7 1.305 1357 1411 1.466 1.522

0.8 1.525 1.586 1.648 1711 1.776

0.9 1.721 1.790 1.860 1.931 2.004

1.0 1.891 1.967 2.044 2.123 2.204

PBCF-1 18 | PBCF-2 18 | PBCF-3 18 | PBCF-4 18 | PBCF-5 18

/R P/D P/D P/D P/D P/D

0.5 0.716 0.683 0.651 0.619 0.588 ;],’I\ 3 0 PBCF 5
/\77 L[]

0.6 0.971 0.930 0.890 0.850 0.810 i

0.7 1.202 1.153 1.104 1.057 1.010 b n

0.8 1.406 1.349 1293 1.238 1.184 W 5 c PBCF —5

0.9 1.588 1.524 1.461 1.399 1.338 —

1.0 1.744 1.673 1.603 1.535 1.467
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mHFETeR RO AR ~BA LT o

FelZ2 37 (Z an
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New Release for Simcenter Test
(MicReD)

Alvin Hsu, Ph.D
PreSales Consultant

Restricted | © Siemens 2023 | Siemens Digital Industries Software SI E M E N S

New high voltage booster - High voltage measurement capability

“Classic” High voltage boosters (150V and 280V) are not supported by T3STER Sl
v Safety system is not suitable for industrial environments
v No high voltage diode (LED) measurement capability in T3Ster S| systems

New high voltage booster enables high voltage DUT testing
with T3Ster Sl systems, by also ensuring safe operation:

v" Modular structure (PSU, OS, CG, DIV)
v Two versions
Simcenter Micred Power Booster 10A/150V, PN MG288359NO
Simcenter Micred Power Booster 5A/300V, PN MG288361NO
v' Proper safety features implemented
v' T3STER Sl control SW 2021.2 or higher is required

Page 2 Restricted | © Siemens 2023 | Siemens Digital Industries Software SI E M E N S




New high voltage booster - Package

Modular system
All modules (PSU, OS, CG, DIV) has 19” 1U form factor

System delivered in 4U high mini rack for desktop application, can be assembled to standard
19” rack by customer

Heating current source PSU (TDK) is included in the PN, no PSU needs to be ordered by
customer from third party supplier

System requires 2 mains sockets: 1x PSU and 1x others

|
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New high voltage booster - HXM OS

Output stage module (heating current switching module)
v" Up to 10A/150 or 5A/150V current switching capability

v Fast turn-off transient

v' Accelerated turn-on transient by voltage precharging

Output capacitance of the switching mode power supply providing the heating current is
precharged to a voltage level close to the DUT on state voltage

Also protects DUT from current peaks at turn-on

Works only with TDK Gensys series power supplies (included in PN)

Safe operation
v Output is galvanically isolated until
» the source is activated by software

* and all safety signals are received (HW and SW)
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New high voltage booster - HXM CG

Measurement current generator module
v. 100mA measurement current up to 100V (1uA resolution)
v" 25mA measurement current up to 300V (4uA resolution)

v" Output voltage limit programmable (5mV resolution)

Safe operation
v' Output is galvanically isolated until
» the source is activated by software

* and all safety signals are received (HW and SW)

r modul

dule
Page 5 Restricted | © Siemens 2023 | Siemens Digital Industries Software SI E M E N S

New high voltage booster - HXM DIV

Signal pre-scaler (divider) module

v 4 voltage inputs from DUT, 4 outputs towards T3STER S| MS401 measurement channel
v' 3MQ input impedance

v" Two operation states:

+ 300V input voltage range
1:32 division state enables voltage measurement for up to 300V, in combination with
MS401 provides multiple differential measurement ranges from 32V to 300V (input voltage
protection up to 400V)

Direct MS401 connection without rewiring

1:1 division state directly couples input to output with relays.

Below 80V this state allows direct connection to MS401 measurement channel to
maximize resolution and accuracy
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New high voltage booster - Safety system

All outputs are galvanically isolated when no measurement is running

EM OFF BTN: Emergency off button, immediately disables all high voltage sources and
isolates outputs (mandatory)

HV Enable BTN: High voltage enable button, after measurement with voltage above 50V is
initiated from control software interface, the system prompts for HV enable (momentary)
button to be pushed before high voltage state is activated (mandatory). This button prevents
remote activation of high voltage state.

HV Disable SW: High voltage disable switch, additional switch (or e.g. door open sensor) can
be added in series with the high voltage enable signal to ensure no high voltage is activated in
unsafe state (optional, not provided with system)

HV Enable BTN
T
HV Disable SW

EM OFF BTN

Master EN HV EN EL100 digit signals
HXM 0S/CG Comm T35ter S|

Master EN state
HV EN state
Page 7 Restricted | © Siemens 2023 | Siemens Digital Industries Software SI E M E N S

What’s New in Simcenter Micred T3ster S|l Control Software

. New Option to Delay Switching

v The effect of slow heating turn off can be corrected by changing the timepoint of the
heating current switching

v Switching voltage peaks can be moderated

. HW Support
v Additional chillers supported

. Merge Customer Specific Branches
v' USB thermostat connection

. Documentation Improvements
v' Measurement example added to API documentation

. Licensing update
v" SALT 2.0 license is used from this release on
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What’s New in Simcenter Micred T3ster S|l Control Software

6. Repeat and Average Measurement
v A series of repeated measurements can be done automatically
v Average of the outcomes is calculated

. New Option to Save to USB

v' Measurement results can be saved to an external USB drive

. User Interface Improvements
v Source switching delays are hidden as default
v" Trigger panel has been updated
v' Measurement plots can be saved in svg format
v' Measurement plots can be extended to fullscreen :
. Bug Fixes fi
v" The Auto Range function of the HXM Booster has been adjusted
v The limit of high voltage measurement mode of the HXM Booster has been set to 40 V

Page 9 Restricted | © Siemens 2023 | Siemens Digital Industries Software SI E M E N S

New Switching Delay Option

Heating Cooling
Process Process

Existing Delay Options in T3ster S| Control Software 2301 — 15 Level: g Source Source Source

« Source Timing Control: Allows the user to control the order of ming A I i cont
activation and deactivation of the resources
+ Delay: Allows the user to delay the start point of the measurement

|
New Delay Options in T3ster S| Control Software 2301 — 2™ Level: "

» Source switching delay (falling/rising) for the trigger allows the user [RIRTEEEE
to moderate the effect of slow heating turn off (dashed black line)
* Turn off process of the heating current is started earlier to start
transient sampling where the actual power switching happens.
This delay is measured from the beginning of the
heating/cooling sampling.

Moderated Voltage with Source

(of the 240 A Booster) A\ switching Delay
helps to decrease the voltage transient peak in the circuit
(continuous black line)
« Turnoff of the gate drive voltage can be postponed Gate Voltage Turned off
» This delay is measured from the end of the heating process
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New Option to Delay Switching

A set of new source switching delay features were
integrated:

» Delay with discrete values for the gate voltage source of
the 240A Booster:

* 0,16, 32,64 us

Falling/rising trigger delay in case of external device

Falling/rising delay for LP220 sources

These delays can be set by the resolution of us, in the
range of:

* Rising up to £16 ms

* Falling -16 ms to +5 ms

Page 11 Restricted | © Siemens 2023 | Siemens Digital Industries Software

SIEMENS

Use Case 1 - Moderating the Transient Effect of Cable Inductance

Having long cables in the measurement setup
increase the inductance of the circuit

When switching sources simultaneously, it leads to
high transient voltage peak (red)

Source switching delay allows the gate voltage turn
off to be delayed, eliminating this transient (blue)

Page 12 Restricted | © Siemens 2023 | Siemens Digital Industries Software

Measured voltage [V]

T3Ster Master: Recorded functions

SIEMENS




Use Case 2 - Compensating the Effect of Slow Heating Turn off

» By setting a negative delay for the trigger, the effect of T3Ster Master: Recorded functions

instrumental delay can be controlled 6.01e-5

As seen on the graph, with a - 60 us delay, the turn off
process of the heating current started -60 us earlier (blue)
compared to the no delay version (red)

+ This way the transient sampling started where the actual
power switching happened

Measured voltage [V]

2e-5 4e-5 6Be-5 B8e-b
Time [s]
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2. T3STER SI 2301 can be applied to all customized T3ster Sl systems
Software compatibility with customized T3ster Sl systems:

Global thermostat settings

Available for All Users T3ster 2301 Applicable

Keenus Pelnus Chiller Yes Yes

Arroyo Chiller Yes Yes

Power Booster with one Power
) No Yes
Supply Unit

Thermostat type ARROYO Thermostat

Interface USBO

Baudrate
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APl Documentation Improvement: Customizable Single Diode Transient
Measurement Example Coded in Python

The script helps to get started with API programming

>
> It describes a single diode thermal transient measurement T

The code can also be customized by the user’s specific Larive Lsense

1S

needs
» Script sample can be downloaded from the T3ster S| 2301 Ul
IP address needs to be filled out

> The thermal transient measurement results will be saved in
the same folder

e Heating time [s]
Setpoint
30
Veas. ch Method [L228 - s1ch - Current source
etcoling time [s]
Setpoint inimum m $3Ch1
30

S3Ch1 - Current source

T 53Ch1 - Meas. ch, Sensitivity | 2mV/K.

Page 15  Restricted | © Siemens 2023 | Siemens Digital Industries Software

Repeat and Average Measurement

> To reduce the noise of the signal, repeat and average measurement was introduced:
*» The same measurement is repeated several times
* Atthe end an average transient function is calculated
Intermediate measurements are stored
All repeated measurements and their average result can be downloaded

The number of repetition is limited by the size of the storage, length of the
measurement, and the number of active channels

Measurements are stored as a separate parx and zipped at the end

Cooling transient - Average

Page 16 Restricted | © Siemens 2023 | Siemens Digital Industries Software

Range 20V (£10V)

SIEMENS

File name prefix

Save all to "DATA_16GB" USB mass storage

Measurement Parameters
diode repeated aver - Cooling (PARX)
diode repeated aver - Heating (PARX)
RepeatedMeasurement - Compressed (ZIP)
RepeatedMeasurementParx - Compressed (ZIP)

RepeatedMeasurementAver - Compressed (ZIP)

SIEMENS




New Option to Save to USB Drive

»> This feature supports the repeat and average measurement implementation allowing a greater
amount of data to be handled

»> New version allows the user to save measurement files to an external USB drive
»> This way measurement outcomes can be transported easily

to another device
» USB drive needs to be FAT32 formatted, max. capacity is 32 GB

> File writing/reading speed is limited according to USB high speed specification (USB2.0) -
even if USB3.X drive is used

Configlist  Settings  Help SIEMENS

Settings

File name prefix

Save all to "DATA_16GB™ USB mass storage

Page 17 Restricted | © Siemens 2023 | Siemens Digital Industries Software SI E M E N S

User Interface Improvements

> The new source switching delay feature of the previous release is hidden

as default
* |t can be activated by the Source timing control “On” button

» Reverse power off sequence and Wait for instrumental delay settings

ol
T

can be activated separately, after turning the Source timing control “On”
(as before)

» Favicon has been modified according to the new iconset

DL

» Trigger panel has been updated
« HH: High, LL: Low, HL: Switched, LH: Switched Inverted, D: Disabled
> Measurement plots can be saved to svg format (beside png)

» Measurement plots can be put to fullscreen

o @

Download plot as svg
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Bug Fixes

> In the HXM Booster, the Auto Range function has been adjusted
> High voltage measurement mode limit in the HXM Booster has been set to
40V
Previous system limits have been unified
Measurements below 40V are considered low voltage, no extra validation
is necessary before source activation

Measurements above 40 V are considered high voltage, and due to life
protection risk, an additional confirmation is needed from the user to to

activate the sources (pushing the physical button)

Page 19 Restricted | © Siemens 2023 | Siemens Digital Industries Software SI E M E N S

Questions ?
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T3Ster Advance Measurement
Case

xFanEl w7  SEFDsse

01
T3Ster Principle

Principles, Advantages, etc.




T3Ster Sl Z\[fH=

s T13Ster S|

BUERE —
(Electrical test method ETM)
EEI ERE (KRS EIEERRET]
5% (0. 01°C)EED R (Lps)R A
ﬁ.’:.\JEDECI REHIFRER
BERSAREESN

AIfSsEE 7 IEEE
s> Specification of Rth

JESD51-1| , _Di-Tk
JX =
ETM  cliaurf?

where Rex = thermal resistance from device junction to the specific
environment (alternative symbol is Oy) [°C/W]
T; = device junction temperature in the steady state test condition [°C]
Tx = reference temperature for the specific environment [°C]
Py = power dissipated in the device [W]

UJ? EE 1EE E:3

KIFENER olsukal‘r @EFD%’S:@

i FE U R B

(THi B TLO) ‘

( ) ( Hi LO)
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z 800
]
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Amblent Temperature (°C)
Figure 11, Typical V, - T, curve for temperature-scnsing diode forward biased wih I,
T3Ster Master: structure function(s)
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KIFENER olsukal‘r @EFD%’S:@

Open the measurement
results by using

T3Ster Master
. . i T3Ster
TSP calibration Transient
measurement Master
TSP: K factor K&y /NEIy B
K = AT P . L
" AV P, P -
2 \\\\ g,
h z _Ti-T
= ! Rox="p, )
Input sensitivity(K) » Y g
of DUT into the N R
control software v -
Get RAW data o W R
*.par = T
*.rec * * * f R;E( nn1n x}a h—;[pa.h
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s JESD51-14 TDIM % JESD51-2a Still-Air
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couple |

T3Ster Master: structure function(s) T3Ster Master: structure function(s)

Cold Plate
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Case Study

To show the benefits of T3Ster by some cases for you




*xEANEE OualT | OEFDsER

Casel
GaN Z\fH= R4

KIFENER otsukal‘r @EFD%’S:@

m Device Description

so This device is GaN HEMT
so Rthjc measurement

l GATE

SOURCE o—t] |—-—o DRAIN

\\
~~~~~~~

Bare Sample
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Measurement Detail_|,,

s> DUT put on and measurement

5o Measurement Parameter as bellow:

Set Parameter

GaN

\Y

5V

gs
I, TBD
Iy 2A

Ambient Temp.

25°C

XRemark: I, is measurement current and I, is heating current.

Measurement Detail_ Iy,

o FR/NE () - BHE/NE S REIR K

T3Ster Master: structure function(s)
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T3Ster Master: structure function(s)
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Measurement Detail _|,,

T3Ster Master: structure function(s)

100000

—— Leopard_Sample2_5V_500mA_2A K6 - Ch. 1
—— Leopard_Sample2_5V_500mA_2A _K6-1 - Ch. 1

10000 |-

1000

100

10

Cth [Ws /K]

1

0.1

0.01

0.001

1e4

Rth [K/W]

5o /N\B(WBS00mMARMIRERERNHEBESRY - BEMESR -

100000
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-| 0.001
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T3Ster Measurement Results-T&b~

Calibration - GaN

kel T | EFD SR

Ves=5V
Im=500mA
DUT GaN
Item T(°C) Ve (V)
T1 152 0.067958
T2 30.05 0.073036 50
T3 45 0.078969 %“
T4 59.93 0.085414 h
T 748 0.091932
T6 89.8 0.098402
. 0.412315 no8 |
Sensitivity (mV/K)| >Sensitivity equals to TSP or K factor o w
Temperature [*C]

100
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mn Measurement Detail_ Rthjc

s> DUT put on and measurement
5o Measurement Parameter as bellow:

Set Parameter GaN
Vi 5V
Iy 500mA
s 3A
Ambient Temp. 25°C

XRemark: Iy is sensing current and I, is heating current.

xFENER OualT | O EFDsER

T3Ster Measurement Results
-Rthjc-AT]j and Tj- GaN

o ATj @ 25°C is 24.6°C
so Tj=ATj + Tref.= 24.6+25

T3Ster Master: Smoothed response

25

20 |-

1
-

24.6

sured temperature [°C]
~

Mea:
—

— _Sample1_5V_500mA_3A K61 - Ch. 1

1e-6 1e-5 1e-4 0.001 0.01 0.1 1 10 100

Time [s]




BT | REFDs=w
hjc-

. T3Ster Measurement Results-Rt
Structure Function- GaN

g0 Integral Structure Function@ 25 °C
0 JESD 51-14 TDI Method
g0 Rthjc = 2.867K/W

10000 |~ 10000

*xEANEE OualT | OEFDsER

Case 2
SiC Cascode




xFENER OualT | O EFDsER
Connect Method 1
s> | PR 25030 A 5 R U B {
Drain I )
SiC JFET
—T— |
| Jor
Gate - ;
— } MOSFET
ov
b d So:;ce I +
xFENER OualT | O EFDsER
T3Ster Measurement Results
T3Ster Master: structure function(s)
100000 T T 100000
DUT TSP —— Rthjc_diode_100mA_15.0A - Ch. 1
Item T(°C) VE(V) 10000 110000
T1 20 0.691414
1000 - 1000
T2 40 0.655574 |
T3 60.1 0.61866 !,
T4 80 0.581062 | _ / i
Sensitivity 1.83891 2 g
(mV/K) 8 ! ip >
Set Parameter o 1
V - 001 - Jo.01
gs B
4
IM 1 OOmA 0.001 fk#A 0.001
IH 1 SA 1‘3-40 0‘5 1 1‘5 2 2‘5 3‘5 419‘4
Rth [K/W]
Ambient 25°C




me Connect Method 2

90 %5 Vesh i MOSFET channellly

x5anes OuualT | SEFDsse

Drain I +

o
SiC JFET
l [
- |
‘=Sense
0 Ji, MOSFET =
.
20V
l 0
Source I

EGIM

DUT TSP
Item T(°C) Ve(V)
T1 20 0.017524
T2 30 0.018452
T3 40.1 0.019185
T4 50.1 0.020161
T5 60.1 0.021235
T6 70 0.022236
Sensitivity 0.0929393
(mV/K)
Set Parameter
Ve 20V
Iy 1A
I 49 A
Ambient 25°C

Cth [Ws /K]

T3Ster Measurement Results
-Method 2

x5anes OuualT | SEFDsse

T3Ster Master: structure function(s)

100000

— Rihjc_sensor wire_1A_49A_K6_231012-Ch. 1

10000

1000

100

3

0.001
0

Rth [K/W]

100000

10000

1000

100

K [Was /K7

0.1

0.001
1
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KIFENER tsuka I.T §,-EFD%§5E
T3Ster Master: structure function(s)
100000 T T 100000
—— Rthjc_sensor wire_1A_49A_K6_231012-Ch. 1
—— Rthjc_diode_100mA_15.0A - Ch. 1
10000 - 10000
1000 - M t h d 1 1000
100 - 100
g 10F 10 g
2 @
. 2
5] = 1 x
0.1 0.1
0.01 0.01
0.001 0.001
1e4 | | | | | | | 1ed
0 05 1 15 2 25 3 35 4
Rth [K/W]

*xEANEE OualT | OEFDsER

Case 3

Different Package
Comparison




Device Description

KIFENER olsukal‘r @EFD%Q:@

AREHE - HERA

HHEHE  AR&EA
Sample 1 Sample 2 Sample 3
Package TO247-4L TO247-4L TO247-4L
Drain — Source
Voltage (V) 650 650 650
Max. Continuous
Drain Current (A) £C oy 107
solder Compound Solder Compound Solder Compound
Structure ChiD Chip
DBC-Ceramic

KIFENER olsukal‘r @EFD%Q:@

Device Description-Rthjc

s> DUT put on and measurement
s> Measurement Parameter as bellow:

Set Parameter Sample
Vi 10V

T 100mA
IS 12A
Ambient Temp. 25°C

XRemark: |, is measurement current and |, is heating current.




T3Ster Measurement Results_Rthjc

0(5% |T QEFD%E@

Structure Function_Sample 1

g Integral Structure Function@
%> Use JESD 51-14
5 Rthjc =0.4235 K/'W

25°C

0.0309 T3Ster Master: structure function(s)
J 0.1389)

Solder Compound

000000

000000

Cth [Ws /K]

0.1

olde

= '
v

LF-Cy

10000

Chip

1000

K6 -Ch. 1
. 1 (Differential)

Chip 350
Solder 60~100
Leadframe — 2000

Cu

0.001 =
0 0.2 04
Samplel

0.8
Rth [K /W]

T3Ster Measurement Results_Rthjc

0(5% |T QEFD%E@

Structure Function_Sample 2

g0 Integral Structure Function@ 25°C

s Use JESD 51-14
% Rthje=0.2673 K/W

100000
10000
1000

100

Cth [Ws /K]

T3Ster Master: structure function(s)

.05 [0.1171]

Solder Compound

100000

10000

-

1000

100

x

_S2_Rthjic_100mA_20.0A_K6 - Ch. 1
_S2_Rthic_100mA_20.0A_K6 - Ch. 1 (Diffex
100mA_20.0A_K3 - Ch. 1

Sz Rie

rential)
52 Rihjc_100mA_20.0A°K3 - Ch. 1 (Diflerent

Chip 350
: Solder 60~100
» Leadframe — 2000
- 0.001 Cu

0.001

Samplezo'2

06 OB 1
Rth [K/W]

04
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T3Ster Measurement Results_Rthjc
Structure Function_Sample 3

s Integral Structure Function@ 25°C

so Use JESD 51-14 Solder Compound
RthC = 0 53 IQW Ei?agsterhﬂaster: structure function(s)
= J ) 0.1222] 173’ , | 0.0605 .

16 0.1731
v
100000 100000 Chi p

10000 “ 10000
Chip cu| Ccu ‘ DBC-Ceramic
1000 / 1000
Solder| . /
Ceramic
B
8 10f !(4::,“ — 10 Chip 350

fer|
; \/J b s Leadframe 600
//
=1 Solder ~175

01

DBC-top Cu 300

0.01 _S3(Cu)_Rthjc_100mA_20.0A_K6_0718-2-Ch. 1 0.01

S3(Cu)_Rthic_100mA_20.0A_K6_( 07182 Ch. 1 (Differential) .

_S3(Cu)_Rthjc_100mA_20.0A_K3-3 - Ch. o

7S3(Cu)7Rtmci1OOmA720 0A_K3-3- Ch 1 (Differential) DBC cera mic 635
0001 - — - - 0.001

0 02 04 06 08 1 2 14 16

Rth [K/W] v DBC-bot Cu 300

xFENER OualT | O EFDsER

= Summary_Rthjc

MHEEES - AEE A
PR 12 Fchipf 22 > Sample 1 solderHETHE AR - FERGFIHHHIA

0.0909 .
T3Ster Master: structure functon(s) TSter Master: structure function(s)
01537 01389
0.1003][0.08) (01171
100000 100000 100000 100000
10000 10000 10000 10000
1000 1000 1000 1000
hi LF-C Chip| |LF-C
Chip
100 100 100 100
Solder Solder
£ ge g
Py 52 P
2 10 10 = 10 10 ES
- . \/\A ES
§ \/\/v x 3 x
‘ \/ ‘ ‘ / ‘
/ 0.1 ( 0.1
01 / 01

0.01 0.01
_S2_Rthic_100mA_20.0A_K6 - Ch. 1
”S2_Rihjc_100mA_20.0A_K6 - Ch. 1 (Differential)
_S2_Rthjc_100mA_20. OA K3-Ch.1
ZS2_Rihjc_100mA_20.0A K3 -Ch 1 Diferential)
) 0,001 L L 0,001
L T 0001 0 02 04 us us 1 12

02 04 06 M i 2 i 16 Rth [K/W]

Rih [K/ W]

Sample 1 Sample 2

sw Rmc 100mA_12.0A_K6 -Ch. 1
Rihic_100mA_12.0A_K - Ch. 1 (Differential)

51 _Riic_100mA_12.0A_K3-Ch.1

S1Ric_ 100mA_12.0A K3 -Ch 1 (Dif

0.001
0




= Summary_Rthjc
MEEH © REEE

T3Ster Master: structure function(s)

0.1003[0.05) 01171
100000

10000 f

1000

100 l] }

100000

10000

1000

<
2
B 10
F
o
1
0.1
0.01
_S2_Rthic_100mA_20.0A_K6 - Ch. 1
”S2_Rthic_100mA_20.0A_K6 - Ch. 1 (Differential)
_S2_Rthic_100mA_20.0A_K3-Ch. 1
”S2_Rthic_100mA_20.0A_K3 - Ch. 1 (Differential)
0.001
o 02 04 06 08 1
Rth [K/W]

Sample 2

Cth [Ws /K]

*xFEnEl O lT | SEFDsse

SolderfEER[E » HEEH AT > Sample 3fyEfHESample 25 7% -

0.0839
y T3Ster Master: structure function(s)
g 0.0605) oo
o
3yl

100000

10000

4 1000
/ 1
ic /
£ ’,j 100 T
/ d
/ 10 x
et
4
01
S3(Cu)_Rthjc_100mA_20.0A_K6_0718-2 - Ch. 1 001

7S3(Cu)_Rihjc_100mA_20.0A_K6_0718-2 - Ch. 1 (Differenial)
S3(Cu)_Rthic_100mA_20.0A_K3-3-Ch. 1
S3(Cu)_Rthic_100mA_20.0A_K3-3 - Ch. 1 (Differential)

0.(
04 06 08 1 12 14 16
Rth [K/W]

~Sample 3

Contact Us

ZEBENERNERAT
RS - FrAEHARIBE B — B 2855k 1918
(FEE L2205 2 5EH )
8B 5h : 02-8772-4131 #1001 (B =)

A1k - www.efd.com.tw

*xEENESR OualT | REFDsER
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EREL2E B

BIIARHEENRRE

SIEMENS{AEAIE
o X R EE- SR h

RIEEERIBRGE

ERFIRUHETAE2EMNERIRT - 21ET3Ster Demo ~ HE I « #4FMBenchmarkifls ~ FE & TH ARl
MREREELRE « PowerCyclingS@mAlEE - @ BAEHMETEAREAEERER > RMEMicRedEERRH
ElRFE > TIRETRCRERANEE - RPN ATFREZEMNZENERAER -

0000
BRERE AL &2 ot

v T3SterkT3Ster SI

v Booster + Power Supply (150v/ 10A & 11v / 2404)
v Thermostat & F & F 8 R 2% 28 (0-100m)

v RBERSHR + Julabo k2K 8 (=742 200~500 w)
v FI& JEDEC #Z2##Y Still Air Chamber

LED ~ Logic IC ~ Diode
MOSFET (discrete or module)
IGBT (discrete or module)

REEBI A BRERLNTHERER

LK

4 Power Tester INREERAFE a4 T3Ster System G REHH 2RI R MK A JAEEHTHRIER
SAFAZER (

v Tt 8 Rthjc ~ Rthjb ~ Rthja 2FEE v Pulse Thermal Impedance

v JCHEBI ATj (junction to ambient) SEE£1L v SOA (Safety Operation Area)

v Zth (Thermal Impedance) v Structure Function #&#8 K&

h
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TEL : 02-8964-6668 TEL : 03-550-5568 TEL :04-2258-2355 TEL:06-215-3356 TEL:07-550-1398

= BRRA(Li8) m BIER(EW) " KRR (RE)
TEL :086-021-6299-9359  TEL : 86-512-5035-9889 TEL : 86-769-8188-8721
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TEL:02-8772- 4131
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