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FIoTHERM v12.0
New and Improved Command Center

* The tabbed approaCh iS [@] Network Server Example - Start - Command Center FIGTHERM 12.0 oE =]

retalned: . . Bohodh @ #d§r ‘\ = 3@@ Workplane Normal[X_| + |position ————[g n_[ojsroscos

’ Inlet Variables — Define R e — 1 |
what model parameters T[]
can vary

[} O u t p ut Va ri a b I eS —_— Defi n e Lomh’nn: “l;onshu:h:: | :t:;menis Notes | 0

Edit View Create Scenarios Chat Window Viewer Macro Profiles Calibration Help

assis Rear middle

what key results need to e =

be captured S ==l
e Scenario Table — Tabular —
view of all simulations.

« Scenario Viewer —

Hide

Object/Attribute/Setting Input Variable Type Description

= = Type | Design Parameter =
G ra p h Ica I VI eW Of a I I L Baffle Absolute Position Z (... | Design Parameter |~ Range: 550 - 650 (mm) | - Minimum Value | 15 deg
- - % Baffle Angle (deg) Design Parameter |«  Range: 15 - 75 (deg) = Maximum Value |75 | | deg
S I m u I atl 0 n S ] 5% FFBO912EHED Derating Factor Design Parameter |+ Range:015-1
° S I t' M 't H 58 FFE091ZEHEL Derating Factor Dependent Variable w {FFBO912EHE:D: Dera... | -
O u IO n O n I O rI n g 8% FFB0912EHE:2 Derating Factor Dependent Variable ~ {FFBOS12EHED : Dera... | -

Track the progress of each
solution

Restricted © 2017 Mentor Graphics Corporation Menlaro |

Jeff Kim, FT12 New Func, Jan 2018 A Siemens Business



FlIoTHERM v12.0
Command Center - Input Variables

Input Variables is a 50 Component

= pe oMo en
read-only view of the @ In component
baseline model - 18 Heatsink

All inputs are found in S L .
the same location as Location | Construction | InternalFins | £4|»| @
the baseline model.
Input Variables are

X Mumber of Internal Fins [5

nominated from * Fin Height | 10 -l
property sheets. Center Gap |0 | mm 1l L
Multiple selections High Side Fin Tnset | 0 | [mm '
supported. Low Side Fin Inset | 0 | | mm

Find tool is supported

Fin Style [ Uniform

Width [.'J_' ] [mrn

Cells Between Fins [4 %]
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FIoTHERM v12.0
Command Center Input Variables

« Nominated Input Variables appear in a table, from which they can be

further defined

« Types:

Default: Manual definition of values for all scenarios
- Design Parameter: Assign a numerical range. Used for

optimization and model calibration tasks.
« Dependent Variable: Specify a relationship with other Input

Variables.

Object/Attribute/Setting

Input Variable

Type

Description

< Baffle

9% FFBO912EHED

Absolute Position Z (...

Baffle Angle (deg)

Derating Factor

Design Parameter

-

Design Parameter

Design Parameter

-

Range: 550 - 650 (mm)

sl Range: 15 - 75 (deg) -

Range: 0.15-1

9% FFBO912EHE1

Derating Factor

Dependent Variable

-

{FFEO91 2EHE:D : Dera...

92 FFBO912EHE:2

Derating Factor

Dependent Variable

-

{FFEO912EHE:D : Dera...
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Type | Design Parameter

Minimum Value | 15 deg

Maximum Value | 75 deg
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FIoTHERM v12.0
Command Center Output Variables

Network Server Example - Start - Command Center FloTHERM 12.0_

Chart  Window Viewer Macro Profiles Calibration Help

PonvaQ@eE #dr s [EEEHEe@¢

Model | Field Summary | Metrics |

T Coew

Output Variables is
another read-only view
of the baseline model
All inputs are found in T
the same location as L o
the baseline model.

Output Variables are
nominated from < R

. Socket

p rO pe rty s h eets a n d = D% nlémp;:lce; 512M DDR Module:2

then appear in a table. g

._ Lumped Compone...
S ¥ ETTE

Project Scenaric  Edit View Create Scenarios

« |[g¢| Project Grids
1 Onto Workplanes

Workplane Normal ¥ | ¥ Position [ }————0 m

et Lumped Compone...
U%E Monitor

-:;"-::; .
EhE
Ao
"
T .
X
z A, \

Multiple selections =%

supported.

Find tool is supported.

Find All MPs and track
Temperature!
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Data | HeatTransfer |

Component Power
Junction 1 Temperature
Hottest Junction Number

®| Hottest Junction Temperature
Case Temperature
Case Flux Top
Case Flux Sides

PCE Flux

Input Variables Cutput Variables

® [

Object/Attribute/Setting

Qutput Variable

|»

& cPul

Hottest Junction Temperat...

& cru2

& 5821 Xhigh

Hottest Junction Temperat...
Hottest Junction Temperat...
Hottest Junction Temperat...
Hottest Junction Temperat...

Hottest Junction Temperat...

Indude in Cost Funiction
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FIoTHERM v12.0
Command Center Output Variables

P
« Tabbed Property Sheets with Output —
Variable type filters utilized. e
« Data: Object specific data e
- Heat Transfer: Conduction, Hottest Junction Number
convection, radiation heat flux ZMTUSETDM
results Case Fux Top
« Temperature: Surface Case Flux Sides
temperatures and face based Pes Pl
temperature results R YR
* Fluid Flow: Volume flow, mass Datng| Heat Transfer
flow and pressure drop results. 9=
- Region Data: Min, Max, Mean [Conducted Heat} | [~ congucted Hestin
results + Conducted Heat Out

Met Conducted Heat

Top Met Conducted Heat

Bottom Met Conducted Heat
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FlIoTHERM v12.0

Command Center Scenario Table

« Scenario Table display the input and output variable values for each
defined scenario, as well as the solution status for each.

« Scenarios can be modified directly from the table cells.

* Full copy/paste operation supported between the Scenario Table

and Spreadsheet tools.
 Solution Progress bar built in.

Base Project Design 1 Design 2 Design 3

In pUt S #i# HeatSink : Internal Fin Height (mm) 10 11 14 13

i# HeatSink : Number of Internal Fins 5 g 8 12

Solution Status ' ' Queuing (1)
CO ntrol S Store Results? Full History Only History Only History Only

Initialize From -1 Base Project Base Project Base Project

.@!’ Water Qutlet : Ternperature (*C) 21 40496
@) Utp uts " In component : Temperature (°C) 2515781

$!'1n air above heatsink : Temperature (°C) | 22.1108

Jeff Kim, FT12 New Func, Jan 2018
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FlIoTHERM v12.0

Command Center Scenario Table

Append Scenario column, directly enter data to create new scenarios:
New scenario will take values from adjacent cell if unspecified

Jeff Kim, FT12 New Func, Jan 2018

Base Project | Append Scenario Base Project Scenaric 1
10 12 10 12
2 2 — |2
5 5 =—> |5
E Solution Status Selution Status Unsolved
E Store Results? Full Store Results? Full History Only
E Initialize From -1 Initialize From -1 Base Project
2140496 21.40496
2515781 2515781
231108 231108
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FIoTHERM v12.0
Command Center Scenario Table

« Append Scenario column, paste data from external sources to create
new scenarios:

Base Project | Append Scenano

Base Project Scenaric 1 Scenario 2 Scenario 3 Append Scenario
10 12 14 16
2 2 3 2
5 7 9 8 —
Solution Status Unsohved Unsolved Unsohed
LGE LAY
Store Results? Full History Only Histery Only History Only
o . . _ " A
Initialize From -1 Base Project Base Project Base Project
D~
21.40496
2515781 e
231108 - ﬁ
y | ]
12 14 16
2 3 2
7 9 8
4|
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FIoOTHERM v12.0
Command Center Scenario Viewer

« Model tree and display for each scenario is available for each
defined scenario, allowing easy visual inspection of the models,
including the grid distribution.

Status

Base Project

Steady State Conver...

Scenario 1

Steady State Conver...

Scenario 2

Scenario 3

Steady State Conver...

Steady State Conver...
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Model Setup Model Solver Control |

- B Prism1:41
‘ Prism 1:42
‘ Prism 1:43
‘ Prism 1:44
‘ Prism 1:45
‘ Prism 3:0

Prism 3:1
Prism 3:2
Prism 3:3
Prism 3:4
Prism 3:5

=2 DEE Compenent

. @ Component
H 3

=)

|

Location Construction Internal Fins
Number of Internal Fins | 11
Fin Height | 16
Center Gap |0
High Side Fin Inset |0
Low Side Fin Inset |0
Fin Style | Uniform
Width |2

Cells Between Fins | 4

End Fins

mm

mm

mm

mm

mm

== s
fr - 052 Heatsink -

[ e

-

a0
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FIoTHERM v12.0
Command Center — Selection Linking

« Selections are retained throughout Command Center:
« Scenario selection linking between Scenario Table, Scenario
Viewer, Solution Monitoring tabs, and Charts.
« Object selection linking between Scenario Viewer, Input
Variables, and Output Variable tabs, and the Project Manager

Base Project enario Scenario 2

@ HeatSink : Internal Fin Height (mm) 10 16
i HeatSink : Internal Fin Uniform z 2
Chart T
25.17 ¥ HeatSink : Fins 5 g
= Scenario

[ ]
25.16 Store Results? yil o History Only I
® Initialize From -1 Pro Base Project I a b e
T 25.15 i
5 <! Water Qutlet : Temperature (°C} 2140496 0 21.40336
- L
o
E 25.14 #hmnwlult:Tmm 2515781 6 2515057 |
5 25
5 T 231108 23.08619

5o
i c\ / Solution Status
g o %cenario ! Resun: Base Pyliject Steady State Converged Scena I'IO Vlewel'
o ° >Scenaliu 1 Steady State Converged &

- ° Scenario 2 Steady State Converged SOIUtlon ]

s R Heightls(mm} 18 = Scenario 3 Steady State Converged Monitori ng List

Scenario 4 Steady State Converged
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COMMAND CENTER TOOLS



FlIoTHERM v12.0

Command Center Awareness

* Presence of Command Center setup is
now indicated in the Load Project dialog.

« An icon will appear if at least one input
variable or Output Variable has been
defined.

« Project Manager status bar will indicate if
Input Variables are defined in Command
Center

« A change to the base model that would
invalidate scenario results prompts the
user to save as new project

1% FloTHERM [Pl

Changing the base model will invalidate Command Center scenario results,

’ Continue using the existing project and invalidate scenario results ]

'Save As' the current project with a new name to continue

155 Load Project ‘..

“: Project Hame / D|

Q Detailed PCB in Set Top Q Grid 201

‘3 Detailed PCB with Joule Heating 201

‘3 Example 201
Example_Scenario 4 |

T: ForcedAirTest
GriddingTestMode '@ n- » Command Center Example || Sol

T: JouleHeating_lanC_Modell C_Scores 201

‘3 Mehbile_Demo-Transient-PCM-OneBlc 201

MX960 System - 2016 05-02 201
% | [[@ Network Assembly Examplez 2m
- |
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FIoOTHERM v12.0
Command Center — Charts

@ chart | B S

« XY Scatter Charting Tool
Chart
- - ¥-Axis Variable  Heatsink : Internal Fin Height {mm) hd
 Chart Point — Scenario
. . . o,
selection linking Scorarofmber Al EF Y Te%
eatsink : Internal Fin Height (mm) © ° .. .
H Heatsink : Internal Fin Uniform Width (mm) 5132 [(
« Double click to annotate Hestzink : Number of InternalFins : “ L) o),
Heatsink : Absolute Size Z (mm) 2 [ ®
eatsink : Absolute Size Z (mm 130 ®
1 GR-US [PLCC_84] : Absolute Size Z S [ ]
or remove annotation P U1 50IC, FCTIGHS) Tamperute = .
- MP-U3 [SOIC48, FCT16245] : Temperature (° & 128
[ C | h t p t MP-UL [SOIC48, FCT16245]: T ture (7 s
O Our C ar Oln S x " US[Dielunction_Temp] :Temp:gfuerr:(tlée] EI 125 o [ ]
= US[Ca.seTemp] :Temperature (°C) L] - ([ ]
unlformly Or by another Heats!nk:Me.anSolldTemperature(‘C) g
Heatsink : Solid Mass (kg) E 124
1 Heatsink : X High Net Vol Flow (m*3/s) 1=} ¥:11.4
variable ek X e i (0313 :
122
- Hestsink : ¥ High NetvommeFlowl(mAa;s y Ci0.00413738
4
% Color by Variable 1202 4 3} 8 10 12 14 16
Color by Variable | Heatsink : Solid Mass (kg) hd Heatsink : Internal Fin Height (mm)
o Copyl Paste chart data Delete Copy Data Close

into spreadsheet

. . -rx
applications . . 1 ) i

1 |Heatsink : Number of Internal Fins U5[DieJunction_Temp] : Temperature (°C) Heatsink : Solid Mass (kg}

2 | 10 128.099 0.00671012

3 3 120.27 0.00500733

4 10 125.083 0.0121706

5 | 12 122.529 0.0152289

6 | 13 127.637 0.0107053

7 | 9 127.682 0.00930039

8 120.347 0.00802032

g 14 125757 00150133
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FIoTHERM v12.0
Command Center — Response Surfaces

3D Plot Type

Click Surface to
annotate and update
slider bar values

Then use ‘Create
Scenario’ command
to easily create new
models for any point
of interest.

Jeff Kim, FT12 New Func, Jan 2018

Response Surface Viewer .
Vi 1!

ariables | Plots

Baffle : Absolute Position Z (mm)

4444444

Create Scenario

CPU1 : Hottest Junction Temperature (°C) (+/- 2.88433%)
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FlIoTHERM v12.0

Command Center Scenario Table

« Scenario controls as per previous

versions, with two extensions

« The 'Save As... command will now copy:

« Visual Editor state

into the new project to save time
for subsequent post-processing.

« All Input Variables
 All Output Variables

BASEMODEL -

Jeff Kim, FT12 New Func, Jan 2018

/

History Only

Base Project

sC

. {3 Solve

@ Interrupt Solve
@ AbortSolve
L. Reinitialize
(B Save As...
Delete Project
Insert After

Copy
I Pacte

Ctrl+C
Ctrl+V

ENARIO4
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FlIoTHERM v12.0

Command Center — Scenario Creation Tools

Create Scenarios menu containing various tools to create

Scenal‘iOS Edit View |§reate§cenarius Chart Window
. . . . . - Linear Sweep...
As in previous versions: L0 NN g [
* Linear S_vveep _ Multiply Vanables... Bas
° Add/MUItlply Val’lableS Design Of Expenments...
- Design of Experiments — t i
Superposition...
 And new in v12: Superposition leg) 4

« One scenario is created per total power input variable,
and only one component is powered per scenario.

« Powers are User Defined, or taken from the base model.

« Greatly reducing the user interaction required to set up
these analyses.

— [ — — [ —

| Base Project

2 U1 [Component] : Conduction Total Power (W) |2

) U2 [Component] : Conduction Total Power (W) |3

{2 U3 [Component] : Conduction Total Power (W) |14

@ U4 [Component] : Conduction Total Power (W) |0.33

Superposition
Superposition Type

Power

Superposition

Superposition Type

User Defined Power

1 W o

Base Model Power -

Restricted © 2017 Mentor Graphics Corporation
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FIoTHERM v12.0
Command Center - Automation Support

« Command Center will fully support FIoSCRIPT technology found in
other areas of FIoTHERM.
« Every aspect of using Command Center can be scripted:
« Input/Output Variables, Scenario Definition
« Solving, Optimization, Calibration
« Results extraction

« In addition, the scenario file written to ‘PDProject’ has a new XML
format. Easy to read and write.

Ex <5Cenarios >
= input wvariabl
<output_variables/>
design of exp men
<1 v, value="sequentialFromBest" property name="optimizationType"/>
<1 alue="Base Project" property name="startFrom"/>

AA
o)

value="10" property name="maximumNumberOfsSteps"/>

pop g opomopop o
[ R e I
EEEEEEEEE M

2

new_ alue="0" property_name="criticalCostvalue"/>

<new_ value="false" property_name="designExperimentsBeforeOptimizatio
<new_ alue="Design" property name="designName"/>

<new alue="true" property name="enableCollisionDetection"/>

<new_ alue="1" property_name="numberOfExperimentsToDesign"/>

<new_ value="false" property name="userDefinedNumberOfExperiments"/>

</design_of_ experimen

Restricted © 2017 Mentor Graphics Corporation Menlaro
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FIoOTHERM v12.0
Command Center - General

« 64 bit Support. Extremely large models and many scenarios no
longer pose a problem.

« Scenario handling is vastly improved. 50x faster in some cases
for larger models with many defined scenarios.

Restricted © 2017 Mentor Graphics Corporation Menlaro
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COMPACT COMPONENTS



FIoTHERM v12.0
Compact Components - Localized Grid Spaces

« 2-Resistor and ‘Area Array’ Compact
Component SmartParts can now:
« Touch a localized grid space
boundary:
« Cross a localized grid space
boundary

« Benefit: Gridding is faster and easier
than before!

Restricted © 2017 Mentor Graphics Corporation Menlalm
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FLOEDA BRIDGE



FIoTHERM v12.0
ODB++ Import

FIoEDA Bridge - ODB++ Import

m Offering interfacing options most layout tools, including

Xpedition, PADS, and tools from Cadence, Zuken, and
Altium.

m Contains e —_——
— Board Outline
— Component Layout

Mt g N Counstran FRST

wrtine Gigapis WoadTop “iencert
- Layer StaCk Up . wILENCH %I ma@aos GMBRIZ
— Metallic Distribution on all layers. |

Nagoya [ |imb|C emsnsou. DipTrace”

PTC QBuild rewcom  sa)

_ _/\SIBRITY @ simbeion :)\qs‘s?r'

s UCAMSO,  JISIONICS WVISE

YOKOGAA 1y ZUKEN
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FIoOTHERM v12.0
Blind and Buried Vias

m Layers can be defined as ‘Dielectric’ or

Metallic ¥ = MotherBoard M ? E’“::p
m ODB++ import will automatically T f‘?r”' v = top dielectric
; ; L lop =% Electrical Vias:1
create the stack up with appropriate = Dielectric 1 5% Electrical Vias:2
settings for each layer, and assign oo M
. - Dielectric - . o
images for each layer. = GND % Flectrical Vias
. . . == [ielectric 3 5: EIth:E:I‘J::;?
m Dielectric layers can be processed in — Bottom L o Vg
the same way as metallic layers, ¥ Electrical Viass
creating a material map of that layer L e Vet
to user controlled resolution. ¥% Electrical Viasi12
2% Electrical Vias:13
m Benefit: The entire board can be
mapped, increasing accuracy when
conduction into the PCB is critical.
Restricted © 2017 Mentor Graphics Corporation Menlaro |
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PHASE CHANGE MATERIALS



FIoTHERM v12.0
Phase Change Materials

« Determine the impact on temperature
transient response for encapsulated
PCM applications.

[¢)] )] ~l ~l
o wu o wui
I I

ion Temperature (degC)
un
(93]

PEM BelTemperature

Jundt
~
ul

—U12-PCM
----- U12 - Without PCM

=Y
o
1

w
w

20 40 60 80 100
Time (s)

o
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file:///E:/Data/PM/FloTHERM/FloTHERM12/PCM2.mp4

FlIoTHERM v12.0

Phase Change Materials

« For ‘Solid" objects, definition of:

« Melt Temperature and Range
T, defined as the center of
temperature band

« Latent Heat of Fusion

 Liquid Specific Heat

« Several vendor materials provided
in library

Jeff Kim, FT12 New Func, Jan 2018

Attrbute Data | Notes |

Mame | my PCM

Conductivity Type | Constant
Conductivity | 2.2 W /{mk)

Electrical Resistivity | Constant
Resistivity 0 Chm m

Transparent Material
Density | 400 kgfm*~3
Spedific Heat | 2000 1{{ka K)
®| Phase Change
Liquid Specific Heat | 2000 Jfkg K)
Latent Heat | 100000 kg
Melt Temperature | 50 =C
Melt Temperature Band | 1

surface

oC

m
T

=4 Materials

7 Alloys

# Carbon Foams

= Carbon Materials

# Carbon Matrix Composites
# Ceramics

¥ High Performance Polymers
¥ Laminates

= Metals

' Phase Change Materials
i’ Outlast

i PlusICE PCM

= Hesins

i’ Semiconductors

Bl h-ﬁ’ Typical Lumped Packages

vl '\..J\..J\..J\..J ‘I\..‘I\.
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FIOTHERM v12.0
Phase Change Materials — How it works

« Enthalpy is solved for within a PCM to ensure the full extent
of the latent heat is accounted for.

« An important consequence of this is that the user does not
need to know (or keypoint) the start and end of the melting
event. An important advantage over tools that use a Cp=f(T)
approach.

Latent

e e — - _ -

Equivalent Specific Heat \

[}
|
1000000 :
----------- | :
i 0
T 100000 ! 1
2 —): :(— Melt Band
S |
'S 10000 /‘ -
| Tmelt
1000 N - ;
76 77 78 79 80 81 82
Temperature [°C]
Fig. 3: The Equivalent Specific Heat Used in the |
Model. Restricted © 2017 Mentor Graphics Corporation Menbluw
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FlIoTHERM v12.0

Phase Change Materials — Post-Processing

« New Scalar: Melt Fraction
- 0 indicates completely solid
« 1 indicates completely liquid

« TIsosurface of Melt Fraction = 1 will
show the moving melting front in a
transient animation

« Melt Fraction is supported for Monitor
Points and Region type results.

Jeff Kim, FT12 New Func, Jan 2018

_ Mabile_Demo-PCM-MOREGRID
- 5.7310e+001 s

|=|@]| =/ |
n
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SOLVER



FIoTHERM v12.0
Scalability and Stability Improvements

m Parallel Solver aspects re-engineered to offer improved stability and scalability for a
broader range of models and cores.

Parallel Solver Scaling v11.3 Parallel Solver Scaling v12.0

5

9g)

A
=]
—
%)
©
(b
o 4
£
©
Q
v

Scaling Factor
S

w
w

4 8
Number of Cores

Number of Cores
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EXTRAS



FlIoTHERM v12.0
Work Flow Automation

Macro Recorder
« Record specific FIoSCRIPT commands and save to
user defined location. Pause and Stop Recording :
commands supported. Qi EHE g s u | > e |§

» Playback FIoSCRIPT included as toolbar icon. T

Grid Solve | Macro | Window  Viewer Help

Edit/Find queries are FIoOSCRIPT able. Subsequent
actions are applied to Found objects
- Examples: L
« Find all Heat Sinks and Fans, then attach s ) 61kt HeatSinke.and Farearn
grid constraint. L inearrelation-setupam
- Find all objects with Localized Grid active, — T e Ao

then turn off localized grid

flosuite v12 » flotherrn » examples » FloSCRIPT » Utilities

Burn Mew folder

Mame

|| reset_solver_controls.ml

Restricted © 2017 Mentor Graphics Corporation Menlaro
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FIoTHERM v12.0
Extras

« Multi-Select of Attributes
« Common property sheet used to quickly modify all selections
* Quickly change Transient attributes attached to Sources
« Quickly save attributes to a library folder

- Use Summary columns for fast attribute display.
« Click an attribute icon to show the attribute property sheet
« Click again to cycle through multi-face attributes if present

= B erface_Materials
 Project Load Speed Up ht. ;t;fm Matera
« Large models now load up to 100x faster : & Aavd
‘& Bergquist
. & Chomerics
- - . ‘& Fujipol
- Updated Thermal Interface Material Library % § Shin-Etsu Chemica
. ‘& Tennmax USA
. ‘& Thermagen
I b Wakefield-Vette
- eGRAF(R)
. & t-global Technology
Restricted © 2017 Mentor Graphics Corporation Menlalﬂ-O |
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FIoTHERM v12.0
Operating System Changes

 FIoTHERM v12 is 64-bit only
. Supported Operating Systems
Windows 7

« Windows 8 and 8.1
 Windows 10
 Windows Server 2008 R2
« Windows Server 2012
« Windows Server 2012 R2
« RHEL 6

Jeff Kim, FT12 New Func, Jan 2018
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