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Introduction

Welcome to the Model Calibration with FIoTHERM V11.1 tutorial. This tutorial is designed to provide you with a short
introduction to the new T3Ster based model calibration feature in FloTHERM v11.1.
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With this tutorial, you have been provided a
spreadsheet called ‘IGBT-Creator’ that will create a
ready to solve model of an IGBT package.

Open that spreadsheet and review the various
inputs and compare them to the diagram. Check
that the ‘Flosuite Path’ matches where you have
installed FloTHERM v11.1 and modify if necessary.

Click the ‘Save and Load into FloTHERM’ button.
When prompted, name the model ‘Calibration-
Tutorial’ and wait for FloTHERM v11.1 to start and
load the model.

*** Note: The spreadsheet is fully functional, with
the diagram updating to match the inputs. Try it
out, but to follow along with the tutorial please use
the provided default values.

[ ColdPlate Definition

Baseplate to Cold Plate TIM [Km*/W]:[4.00E-05
o kside “cl{z5

IGBT Definition

N —
[ materal [ xstze | wsize rsee | | Location & Attributes
Resin [ Resin [ T 585 M| od on B
iGeToie | Silicon [7 T oia s ] | ¥edir location:] User Input]
Xlocation:] 12.05
4.00E.07)
Active Area [oum XZimset] O
Yofet] 0.013
Power (Wi 75
IGBT Solder | Solder1GBT [oa
substrate = ] 27 | | edir location: | User Input]
Xocation:|__9.75
Upper| Cu-Solder-Upp (3
Mid Copper 038
Lower| Cu-Solder Lowes 3
Sold Solder (3
Ceramic 1 AIN 7 | o0& 127 dir bocation:| User Input,
location:| _4.75
sold [ Sold: [Coos
Baseplate | Copper [ T 205 3 | | Design]] Notched
Notch 3 28

FloSuite Path: C:\Program Files (x86)\MentorMA\flosuite_v111

) Conductivity| Coeff |T-Ref| Density|Specific Heat|

Material ‘ wjmi || 1) |ikgima)| i ‘ Coter |
Resin 0.68 1820 882
silicon 075 042 | 100 2330 700

Solder-IGBT 20 7400 206 [
Sold b 7800 06
Cu-Solder-Upper 160 8930 385
Cu-Solder-Lows =0 8930 385
AN 170 3260 765
Copper 385 8330 385
Resin

Baseplate

4
——

Stack-up View

M



https://supportnet.mentor.com/assets/MG592430/files/IGBT_Creator.xlsm

Model Calibration with FloTHERM 11.1

Model Calibration with FloTHERM v11.1

In Project manager, inspect the model to become
familiar with the geometry. Note that the
computational grid is pre-defined, as well as the
transient grid definition.

Of particular interest is the region called ‘Active
Area :Region’. New in FIoTHERM v11.1 is the
ability to track mean transient temperatures for any
volume region when using the calibration feature.
This region is coincident with the heat source
object and is the temperature we will be using to
calibrate with later.

When you are comfortable with how the model has
been set up and the geometry present, solve the
model. It will take a few minutes to solve.
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When the solve completes, launch Command

Center. _
, 0 @] Calibration-Tutorial - C dC FIoTHERM 11.1
New in FIoTHERM v11.1, a ‘Calibration’ menu etk LT N
appears along the top. Clicking here, will reveal a | | 2cenario Edit Chart window SISl _
‘Detailed Model Calibration’ command. Use this | | i e ¢ % B A2 Jetailed Madel Calibration..
command to launch the Detailed Model Calibration
dialog. Y ¢ & %
Note: To access this dia|0g’ you must have a |E| r i —alibration- T utorial
‘ftcalibrator’ license available. Once the dialog is - € Assigned Heat Source Rating
launched, the license will be checked out for the [+]: € Grawity
remainder of the Command Center session. [+ 42 Modeling

l¢|- & Crearall Canteal
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[&] Detailed Model Cafbration (% foitn

The dialog will present information about the calibration |\~~~ o .
problem setup, and charts to enable easy COMPAriSON | i woue o e | # oereanoss -
of simulation to experimental data. ‘ e S

Fom
The right side of the dialog is devoted to displaying :
charts. The top chart will display simulation and wenn
experimental Zth curves for any scenario. The bottom g
chart will show integral and differential structure F
functions for experimental data and for any scenario e o wm oem e s s1 1 6w
with results. ot sty | o | o [ | e

bt w8

The drop down list above the charts is used to select | ™ | = 4 ——- e
the scenario for which results should be displayed. At| "~ 2 o §
this point in the tutorial, only the results from the - [ g
baseline model are available. b § emreme
Note that the charts can be resized by dragging the | =77 ® *° = .
horizontal line up or down. If the line is dragged far B I LB
enough in either direction, only one chart will be e
displayed.

The entire dialog can be maximized by double-clicking
the title bar.
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To import T3Ster data, click the ‘Import T3Ster
Measurement’ button. Navigate to the
IGBT_T3Ster.flocalibration file that is provided
provided with this tutorial and import it.

Note that the chart area has now updated to show the
T3Ster Zth, and both structure functions.

The temperature we want to use for calibration is the
‘Active Area: Region’. Make that designation for the
‘Model Temperature to Calibrate’ setting and again
note that the charts update.

The curve that must match well is the integral structure
function curve. Note that in FIoTHERM v11.1, the
Integral Structure Functions are solid lines, and the
Differential Structure Functions are dashed lines.

Clearly, some aspects of the current model are
deficient as the structure functions, though similar, do
not match well.
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The ‘Calibration Setup Check’ area of the dialog is
used to make sure the baseline model matches the
experimental conditions before calibrating.

If there is not a match, the Adjust command can be
utilized to make changes to power, duration of test and
ambient temperature to bring things back in line. Note
that using the Adjust command will cause all scenarios
to be re-built, so it's recommended to ensure this is
done prior to solving scenarios.

In the event of the transient duration needing
adjustment (it needs to be at least as long as
experimental) then there is an option to have the time
patches recreated as well (‘Regenerate Time
Patches’).

Select Regenerate Time Patches. Although not needed
but this way Command Center will regenerate the time
patches.

Click on Adjust command to adjust the power.

Calibration Setup Chedk

| Model Property |T35ter | FloTHERM |5ta1J_|s |

Power (W) 60 75 FAN

DCuration (=) 100 100 @

Tinitial (*C) 25 25 ]
Regenerate Time Patches Adjust

Calibration Setup Check

Model Property | T35ter | FloTHERM | Status |

Power (W) a0 a0 qﬁ'
Duration (=) 100 100 ]
Tinitial (*C) 25 25 ]
X Regenerate Time Patches Adjust
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The next step in the calibration process is to specify
what parameters of the model we would like to
optimize in our calibration attempt. Virtually any aspect
of the model can be nominated. We do this with the
Input Variables tab in Command Center, by setting up
Design Parameters with a valid range.

Typically, these parameters will be model inputs that
we do not know with certainty, such as dimensions that
are difficult to measure, such as TIM thicknesses,
active area dimensions, etc., or material properties.

For our calibration tutorial we will attempt to calibrate
by tuning the die attach material property and the
dimensions of the active area.
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Recall from our inspection of the model, there is a
material called ‘Solder-IGBT’. The thermal conductivity
for this material will be the first Design Parameter.

In the Input Variables tab, expand the Material
Properties node, then expand the ‘Solder-IGBT’ node.

Locate ‘Conductivity’ and double-click it to activate it as
an Input Variable

Under ‘Variable Type’, select ‘Design Parameter'.
Define a range of 10 W/mK to 50 W/mK and click
Apply Variation.

We will use the size of the heat source as our second
Design Parameter. The original size of the source is 7
mm by 11.5 mm.

We will assign a range of 4 mm — 7 mm to the X-Size
of the source and a range of 8 mm -11.5 mm to Z-Size
of the source.

Calibration-Tutorial - Command Center FloTHERM 11.1
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To do so, in Command Center, select X-Size node for
Active Area object and double click to select that as an
Input Variable. Under ‘Variable Type’, select ‘Design
Parameter’ and define a range of 0.004 m to 0.007 m
and click Apply Variation. This completes the definition
of X-Size for Active Area as a new Design Parameter.

@] Calibration-Tutorial - Command Center FloTHERM 11.1
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Repeat the above for Z-size of Active Area heat source
and define a range of 0.008 m to .0115 m. This will
complete the definition of 3 Design Parameters for our
calibration tutorial.

We want the new Active Area heat sources to be
centered with the original Active Area heat source.
Also remember that we are using the Active Area
:Region to track mean transient temperatures in using
the calibration feature. Therefore the location of the
Active Area heat source and the location and size of
the Active Area :Region will be dependent on the value
of Active Area size. In summary we need to define the
relationship between the size of the Active Area heat
source and the following:

e Active Area Source
o X-location
o Z-location

e Active Area :Region
o X-location
o Z-location
o X-Size
o Z-Size

The relationship between Active Area dimensions and
these quantities will be defined with Linear Functions.

Calibration-Tutorial - Command Center FloTHERM 11.1
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Linear functions are simply linear equations. We are
looking for an expression of the form:

y=mx+b

As we’'ll see later, FlIoTHERM automatically computes
the constant term (the ‘b’ above) so we need only to
identify the multiplier (the ‘m’ term above).

The multiplier describes if the parameter is expected to
increase or decrease with a change in ‘Active Area’,
and by what scale.
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Add the X-Location of the ‘Active Area’ source as a
Linear Function.

Click the Add Term button, and select ‘Active Area : X
Size’ from the drop down list of Design Parameters.

Ensure that the multiplier is set as -0.5.

The constant value defaults to zero and is incorrect.
Click ‘Apply Variation’ anyways. FIoOTHERM will detect
the incorrect constant value and display a message to
inform that the correct value has been applied. Click
OK to accept this change.

Repeat this process for:

e Z-Location of the ‘Active Area’ source.

Again, the constant value defaults to zero and is
incorrect. Click ‘Apply Variation’ anyways.
FIoTHERM will detect the incorrect constant
value and display the correct value. Accept this
change.
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In a similar manner,

the Active Area source.

Linear Function.

Repeat this process for:

multiplier as 1.

we need to establish the

relationship between the X-location and Z-Location of
the Active Area :Region with the X-Size and Z-size of

Add the X-Location of the ‘Active Area :Region’ as a

Click the Add Term button, and select ‘Active Area X
Size’ from the drop down list of Design Parameters.

Ensure that the multiplier is set as -0.5.
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e X-Size of the ‘Active Area’ Region
e Z-Size of the ‘Active Area’ Region
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Use the Graphical Input tab to visualize the change in
active area geometry for the various scenarios. For
each of the newly created scenarios, you should
observe that the source geometry varies, and it
remains centered on the die.
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Return to the ‘Detailed Model Calibration’ dialog.

In the Design Limits section, you will see the Design
Parameters that were just defined.

Next, we will use the dialog to create a Design of
Experiments set of scenarios. These scenarios will
cover the design space (in this case, thermal
conductivities between 10 W/mK and 50 W/mK and the
source dimensions as well) as evenly as possible to
give the optimization routines a good starting point.

In the Create Scenarios section, enter 20 for the
Number of Experiments to Design and click ‘Design
Experiments’.

Inspect the Scenario Table to review what scenarios
have been created.

Create Scenarios
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Design Experiments
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Next, the extent of the Calibration needs to be set.
Structure Functions represent the entire heat flow path,
from die, through the package, and into the
environment. Typically, we are interested in calibrating
the package and are not interested in calibrating the
environment. A value that represents ThetaJC should
be used here.

If the T3Ster data originates from a TDIM project, then
ThetaJC will appear after import. If not, we need to
specify how far along the integral structure curve
should be considered during calibration.

For this tutorial, enter a value of 0.2 W/K. Note the
vertical dashed line updates to show this value on the
chart.

Thermal Capacitance (Ws/K)

le+05
100000
10000
1000
100

10

Calibration

Calibration Extent |0.2] KW

#
1w

0.1
0.01
0.001
0.0001
1e-05

1e-06

0

Optimization Type  Response Surface
Calibrate Model

Accuracy

[Active Area:Region]

0.05 0.1 0.15 0.2 0.25 0.3 0.35

Thermal Resistance (K/W)

-

0.4

le+05
100000
10000
1000
100

10

1

0.1
0.01
0.001
0.0001
1e-05

1e-06
0.45

Capacitance [ Resistance (W* 2s/K"2)

B T35ter DSF
B T35ter ISF
® Calibration Ex



Model Calibration with FloTHERM 11.1

19

In the Calibration section of the dialog, ensure that the
Optimization type is set to ‘Response Surface’.

The Calibrate command will solve any unsolved
scenarios, form the calibration cost function as the
difference between simulation Integral Structure
function and the experimental Integral Structure
Function, and begin the optimization process. In the
case of using Response Surface Optimization, the
optimal result is first predicted with Response Surface
manipulation, and then fully solved to verify.

Click the ‘Calibrate Model’ button to begin this process
and wait for all all solves to complete.

Calibration

Calibration Extent |0.2] KW
Optimization Type  Response Surface
Calibrate Model

Accuracy

-
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As the various solves complete, you’ll note in the
Scenario Table that several output variables are
displayed.

Calibration R?* The correlation coefficient for the
structure function from that scenario to the T3Ster
structure function.

Calibration Error: The sum of squared errors between
the scenario structure function and the T3Ster structure
function.

Cost Function, which is simply equal to the Calibration
Error. The optimization frocess will drive this value
towards zero, and drive R towards 1.

The Zth and Structure Functions for each solved
scenario are available within the Calibration dialog.
The drop down list at the top of the chart section can
be used to display the results for one scenario at a
time.
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When all solves are finished, several things will
happen.

The Calibration Accuracy is reported in the
Calibration section of the dialog. This value is
100*R? and is reported as a percentage. A
perfect calibration yields R?> = 1, and thus a
Calibration Accuracy of 100%.

The chart area will display Zth and Structure
Functions for the ‘Calibration Optimum’
scenario.

Compare the optimal structure function curve and
determine the calibration accuracy for this example.
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Determine the optimal value of ‘Solder-IGBT’ thermal
conductivity and the heat source size by inspecting the
Scenario Table.

Right-Click on the Scenario Name, and select ‘Save
As’ to save the optimum scenario as a new FloTHERM
project.
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As the Response Surface method was utilized for
optimization, the response surfaces are available for
inspection. We can visualize these response surfaces
to understand if expanding the design space could
improve the calibration results.

Ensure that Cost Function response surface is being
displayed. Note that the minimum cost function is in a
well defined minimum on the plot. This indicates that
the design parameter range was well chosen and there
is little motivation to expand it in the hopes of finding a
better solution.

If the optimal was found on the edge of a design
parameter range that would strongly suggest that a
better answer is available if the range were to be
extended.

Note the indicated accuracy of the Response Surface
in the title of the chart. It's +/- 8.4% in this case. A
large number here can be reduced by creating and
solving additional scenarios, and re-running the
Calibrate command. This tutorial was degined to solve
in a reasonable time. We leave this as an exercise to
improve this error by creating more scenarios (for
example 50 instead of 20) and and run the calibration
again.
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With more than one design parameter, the 3D RSO Viewer is also
available.

Again, we can use this viewer to confirm where the optimal value is
within the design space and to check the response surface
accuracy.
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