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Conventions Used in this Guide

Please take a moment to review how instructions and other useful information are presented in
this documentation.

* Procedures are presented as numbered lists. A single bullet indicates that the procedure
has only one step.

» Bold type is used for the following:

o Keyboard entries that should be typed in their entirety exactly as shown. For
example, “copy file1” means you must type the word copy, then type a space, and
then type file1.

° On-screen prompts and messages, names of options and text boxes, and menu
commands. Menu commands are often separated by greater than signs (>). For
example, “click HFSS > Excitations > Assign > Wave Port.”

o Labeled keys on the computer keyboard. For example, “Press Enter’ means to

press the key labeled Enter.
« |talic type is used for the following:

° Emphasis.

° The titles of publications.

o Keyboard entries when a name or a variable must be typed in place of the words in
italics. For example, “copy filename” means you must type the word copy, then
type a space, and then type the name of the file.

* The plus sign (+) is used between keyboard keys to indicate that you should press the
keys at the same time. For example, “Press Shift+F1” means to press the Shift key and,
while holding it down, press the F1 key also. You should always depress the modifier key

or keys first (for example, Shift, Ctrl, Alt, or Ctrl+Shift), continue to hold it/them down, and
then press the last key in the instruction.

Accessing Commands: Ribbons, menu bars, and shortcut menus are three methods that can
be used to see what commands are available in the application.

« The Ribbon occupies the rectangular area at the top of the application window and con-
tains multiple tabs. Each tab has relevant commands that are organized, grouped, and
labeled. An example of a typical user interaction is as follows:

"Click Draw > Line"

@ AL
O L.
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This instruction means that you should click the Line command on the Draw ribbon tab.
An image of the command icon, or a partial view of the ribbon, is often included with the
instruction.

* The menu bar (located above the ribbon) is a group of the main commands of an applic-
ation arranged by category such File, Edit, View, Project, etc. An example of a typical user
interaction is as follows:

"On the File menu, click the Open Examples command" means you can click the File
menu and then click Open Examples to launch the dialog box.

* Another alternative is to use the shortcut menu that appears when you click the right-
mouse button. An example of a typical user interaction is as follows:

“Right-click and select Assign Excitation > Wave Port” means when you click the right-
mouse button with an object face selected, you can execute the excitation commands
from the shortcut menu (and the corresponding sub-menus).

Getting Help: Ansys Technical Support

For information about Ansys Technical Support, go to the Ansys corporate Support website,
http://www.ansys.com/Support. You can also contact your Ansys account manager in order to
obtain this information.

All Ansys software files are ASCII text and can be sent conveniently by e-mail. When reporting
difficulties, it is extremely helpful to include very specific information about what steps were
taken or what stages the simulation reached, including software files as applicable. This allows
more rapid and effective debugging.

Help Menu
To access help from the Help menu, click Help and select from the menu:
* [product name] Help - opens the contents of the help. This help includes the help for the
product and its Getting Started Guides.
* [product name] Scripting Help - opens the contents of the Scripting Guide.

« [product name] Getting Started Guides - opens a topic that contains links to Getting
Started Guides in the help system.

Context-Sensitive Help

To access help from the user interface, press F1. The help specific to the active product (design
type) opens.

You can press F1 while the cursor is pointing at a menu command or while a particular dialog
box or dialog box tab is open. In this case, the help page associated with the command or open
dialog box is displayed automatically.
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1 - Introduction

In this Getting Started guide, you will learn how to determine temperature and heat flux dis-
tributions using the Ansys Electronics Desktop application. Specifically, the guide provides an
example of setting up, solving, and reviewing the results of a Steady-State Thermal solution in a
Mechanical design. The focus is on thermal analysis and not solid modeling. Therefore, a CAD
solid model has been provided as the starting point for the exercise.

By following the procedures in this guide, you will learn how to perform the following tasks:

» Set general options

* Insert a mechanical design and choose the thermal solution type
» Set 3D Ul options and choose the model units

¢ Importa CAD solid model

» Group the transistor components (body, die, and tab)

» Specify the materials

¢ Imprint the insulator on the heat sink

» Assign contact to the front and back insulator faces (to account for thermal resistance)
« Assign a convection boundary

* Define the ambient temperature

¢ Assign a heat generation excitation

 Assign length-based mesh refinement

» Draw a series of polyline segments that will be used as a basis of plotting temperature res-
ults

» Set up, validate, and solve the thermal analysis

* Create a mesh overlay

» Create a plot of the temperature versus the distance along the previously drawn polyline
» Create a temperature magnitude overlay

» Create a heat flux vector overlay

» Create afields summary of the heat flow rate of the convection boundaries

The CAD solid model you will import contains a transistor assembly (consisting of the die, mount-
ing tab, and body) along with a heat sink and a thin rectangular insulator. The transistor is a
standard JEDEC TO-220 package, but the leads have been omitted because heat dissipation
via the leads is not being considered for this analysis, which is a conservative assumption.

You will assign contact to the front and back faces of the insulator and specify an appropriate
thermal resistance. You will also assign a heat generation excitation to the transistor die, and a
convection boundary to all exposed faces of the heat sink.

For the purpose of this exercise, we will assume that the back of the heat sink is not exposed to
ambient air but is mounted to an enclosure or circuit board. We will assume that there is no heat

Introduction 1-1
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dissipation from this face, which is another conservative assumption. Therefore, the convection
load will be assigned to all faces of the heat sink except for the back face. The portion of the
front-middle face that is covered by the insulator will be isolated from the rest of the face by

imprinting and will also be omitted from the convection boundary assignment.
H_\_‘_‘_‘———._

777,

Introduction 1-2
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2 - Set Up the Project

In this chapter, you will perform the following tasks:

¢ Launch the Ansys Electronics Desktop application
* Set General Options

¢ Insert a Mechanical design

e Choose the solution type (Thermal)

¢ Set 3D Ul options

¢ Choose the model units (in)

¢ Import the CAD solid model

» Group the transistor objects

« Save the project to a working folder

Launch Ansys Electronics Desktop

For convenience, a shortcut to the Ansys Electronics Desktop (EDT) application is placed on
your desktop during program installation. Optionally, you may want to pin the shortcut to your
Windows Start Menu too. Before proceeding to the next topic, launch EDT and add a blank pro-
ject, as follows:

@)
1. Double-click the B4 1 Ansys Electronics Desktop shortcut on your desktop (or the

same shortcut on your Start Menu).

The Ansys Electronics Desktop application opens:

. Ansys Electronics Desktop 2023 R1 - Project]
File Edit WYiew Project Tools Window Help

j =] =] | I |"‘_.! J"‘- g Save Archive 3 Cut Bhl % !e:'lﬁ
s LN @ Restore Archive Copy edo 525

5]
T

Mew  Open Open Save Save  Close q ' HF55 Q3D
- E':{amples .I'!'.S _l Fasie X DEIEtE - -
Desktop View Simulation Automation Ansys Minerva
Project Manager o =

= Project1

Set Up the Project 2-1
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Note:

When you launch the application, a new, blank project is created automatically.
However, if you were previously using the application and closed the project, you
will have to create a new project by completing the following optional step.

2. Ifno projectis listed in the Project Manager, click j New on the Desktop ribbon tab.

Projectx appears at the top of the Project Manager.

Set General Options

Before importing geometry and setting up the thermal analysis, there is one drawing option that
you will ensure is disabled.

[ —
1. Onthe Desktop ribbon tab, click General Options.

The Options dialog box appears.

2. Inthe options tree, expand the 3D Modeler branch and select Drawing.

3. Ensure that the Edit properties of new primitives option is cleared:

Options
General ~ i
D Exciracon Drawing Data Entry Mode
Circuit Design {* Point " Dialog
Circuit MetList Design
EMIT g Use F3/F4 to switch between point and dialog entry mode
HFS5
HFSS 30 Layout Relative Coordinate System Creation Mode
Icepak {* Axiz/Position ™ Euler angle
Maxwell 2D ) ) - i
Masowell 30 IIse F3/F4 to switch between axisfposition and Euler angle creation mode
Mechanical
Q3D Polyline Creation
RMxprt v Automatically cover dosed polylines
Twin Builder
= 30 Modeler
m < [v¥ Show measure dialog during drawing
Operation [ Edit properties of new primitives
Snap

Set Up the Project 2-2
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Note:

Disabling this option prevents a Properties dialog box from opening automatically
when you draw a new object. In this exercise, you will draw a multi-segment poly-
line, after which you will edit the object attributes in the docked Properties win-
dow, not the Properties dialog box.

4. Click OK.

Insert Mechanical Design

Insert a Mechanical design and choose the Thermal solution type as follows:

1. On the Desktop ribbon tab, click Mechanical.

The mechanical design is listed beneath Projectx in the Project Manager:

Note:

The default solution type for mechanical designs is Steady-State Thermal.
However, you can change the default choice to the type you use most frequently.
In the next step, you will determine the current Solution Type and change it if
necessary.

2. Ifthe design is not listed as MechanicalDesignx (Steady-State Thermal) in the Project
Manager use the menu bar and click Mechanical > Solution Type. Then:

a. Select Steady-State Thermal in the Solution Type dialog box that appears.
b. Click OK.

Set 3D Ul Options and Units

Ensure that the legacy view orientation scheme is not being used, since the instructions and
images in this guide are based on the new view orientation scheme introduced in release 2024
R1.

1. From the menu bar, click View > Options.
The 3D Ul Options dialog box appears.

2. Ensure that Enable Legacy View Orientation is cleared:

Set Up the Project 2-3
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3D Ul Options x

General | 3D Modeler Graphics |

[ Stereomode  (Affects only the newly created windows)
I Drag Optimization
[+ Show Ansys logo

Default Color Key height 6 (Maximum number of values
displayed)

When there is a selaction
[+ Selection always visible
[+ Settransparency of selected objects 01

[+ Seltransparency of non-selecled objects 049

Default Rotation About

" ModelCenter (™ CumentAxis (8 ScreenCenter (" Cursor

Middle Mouse Buton Drag

(@ Rotate (— Pan  Zoom
Gradual View Change
[« Animata

Animation Duration

} 500 msecs

[~ Enable Legacy View Ornentation |

OK | Cancel

3. Click OK.

The heat sink CAD model was originally constructed using English inch (in) length units. Set the
Ansys Electronics Desktop model units to match this type. In a later procedure, you will add a
series of polyline segments to the model to be used as the basis for plotting temperature results.
The instructions for creating the polyline are based on coordinates in inches.

4. On the Draw ribbon tab, click Units. (This command has no icon. It is located immediately
to the left of the Grid settings.)

The Set Model Units dialog box appears.

5. Choose in (inch) from the Select units drop-down menu.
6. Click OK.

Import CAD Model and Group Parts

1. Using the menu bar, click Modeler > Import. Then, in the Import File dialog box that
appears:

Set Up the Project 2-4
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a. Navigate to the Ansys Electromagnetics Suite installation folder (typically C:\Pro-
gram Files\AnsysEM\vxxx\<platform>, where xxx is the version number, such as
v241 for version 2024 R2, and <platform> is either Win64 or Linux64.

b. From this folder, drill down to the subfolder \Help\Mechanical.
c. Selectthe file, Thermal_HeatSink.x_t, and click Open.

The geometry appears in the Modeler window.

2. Clickin the Modeler window's background area to clear the geometry selection. You
should see the following:

=@ Model
2-d% Thermal_HeatSink
B Solids

-4 Not Assigned
147 Body
i@ Die
m-& Heat_Sink
----._F’ Insulator
34 Tab
w1, Coordinate Systems
#--& Planes
-2 Lists

Ansys
2024 R1

H..

Since you will not be creating any solid geometry during this exercise, hide the grid, ruler, and
coordinate system axes, as follows. The View Orientation Gadget will remain visible as a global
directions indicator.

3. On the Draw ribbon tab, click # Gridto toggle off the grid visibility.

4. On the Draw ribbon tab, click == Ruler to toggle off the ruler visibility.

5. From the menu bar, click View > Coordinate System > Hide.

Set Up the Project 2-5
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The transistor consists of three separate bodies. For convenience of selecting the transistor
objects and for better model organization, group the transistor objects, as follows:

6. Under Model > Solids > Thermal _HeatSink > Not Assigned in the History Tree, select
Body, Die, and Tab.

7. Right-click one of the selected items and choose Group > Create from the shortcut menu.

Group1 is created, listed in the History Tree, and its properties appear in the docked Prop-
erties window.

8. Inthe Value column of the docked Properties window, change the group Name to Tran-
sistor and press Enter.

The appearance of the History Tree should now be as follows:

El-4is Model

- Thermal_Heat5ink

-4 Solids
=4 Not Assigned
-7 Bedy
...,_;J Die
LF’ Tab
= Solids
=4 Not Assigned
M- Heat_Sink
._F’ Insulator
m-lr, Coordinate Systems
+-&% Planes
-5 Lists

Finally, save the project to a suitable working folder and specify the file name, as follows:

9. On the Desktop ribbon tab, click H Save As. Then, in the Save As dialog box that
appears, do the following:
a. Navigate to a working folder of your choice. (Do not attempt to write to the program

installation path.)
Note:

Optionally, you can click the Create New Folder icon (rj- ) within the Save
As dialog box to create a new working folder in a suitable location.

b. Inthe File name text box, type Thermal_HeatSink.
c. Click Save.

Set Up the Project 2-6
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3 - Define Materials

The imported CAD solid bodies have no material assignment. Assign materials to the five
objects as follow:

1.

Under Model > Thermal _HeatSink > Transistor > Solids > Not Assigned in the History
Tree, select Body.

In the docked Properties window, choose Edit from the Material drop-down menu.

Do the following in the Select Definition dialog box that appears:

a.

Click the ellipsis button (...) near the upper-right corner of the dialog box to display
the list of material libraries to include.

Ensure that the following two libraries are selected:
* [sys] Granta Materials Data for Simulation
¢ [sys] Materials

If you have additional libraries already selected, you can leave them selected too.

Click the X in the upper-right corner of the libraries list to close it.

d. Type plastic, ain the Search by Name text box.

In the pop-up list of matching materials, locate and double-click Plastic, ABS
[sys:Granta Materials Data for Simulation].

The pop-up list is dismissed, and the material, Plastic, ABS, is located and selec-
ted in the full Materials list:

Define Materials 3-1
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Select Definition

Materials \ Material Fitters

Search Parameters

l

Plastic, ABS
Plagtic, ABS (107% carbon fiber)

Plastic, ABS (207% qglass fiber)

Plagtic, ABS (307% carbon fiber, flame retarded)

SysLibrary
SysLibrary
SysLibrary

Search by Name Search Critenia Libraries v Show Project defintions |~ Select al libraries
— {* by Name (" by Property | |[eys] Granta Materials Data for Simulation
Plastic, ABS lys] Mateals
[ra— |Helative Pemittivity
A
/‘ Name Location Crigin G

(Granta Materials Data for Simulation

Granta Materials Data for Simulation 042
(Grarta Materals Data for Simulation 0.200841
Granta Materials Data for Simulation 042

f. Click OK to apply this material to the transistor body and to close the Select Defin-

ition dialog box.

3. Keep the original component color, but set the Transparent value to 0.7.

Body transparency enables the internal Die object to be seen.

The Attribute tab of the docked Properties window should now match the following image:

Properties o =
Name | Value | Linit | Evaluated Value |
MName Body
Material "Plastic, ABS" "Plastic, ABS"
Salve Inside [w
Orientation | Global
Model [w
Group Transistar
Display Wi... [
Material A... [
Color I
Transparernt 0.7

Attribute

4. Under Model > Thermal_HeatSink > Transistor > Solids > Not Assigned in the History

Tree, select Die.

Define Materials 3-2
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In the docked Properties window, choose Edit from the Material drop-down menu.
Do the following in the Select Definition dialog box that appears:

a. Type semicon in the Search by Name text box.

b. Inthe pop-up list of matching materials, scroll down as needed and double-click the
material, Semiconductor, Silicon carbide (sintered), SiC sys:Granta Materials
Data for Simulation to select it and to dismiss the pop-up list.

c. Click OK.

Under Model > Thermal_HeatSink > Transistor > Solids > Not Assigned in the History
Tree, select Tab.

In the docked Properties window, choose Edit from the Material drop-down menu.
a. Type stainin the Search by Name text box.

b. Inthe pop-up list of matching materials, scroll down as needed and double-click the
material, Stainless steel, 304, 1/2 hard [sys:Granta Materials Data for Sim-
ulation] to select it.

c. Click OK.

Under Model > Thermal_HeatSink > Solids > Not Assigned in the History Tree, select
Heat_Sink.

In the docked Properties window, choose Al-Extruded from the Material drop-down
menu.

This material is accessible without opening the Select Definition dialog box because it is
the default material for thermal solutions.

Under Model > Thermal_HeatSink > Solids > Not Assigned in the History Tree, select
Insulator.

In the docked Properties window, choose Edit from the Material drop-down menu.
a. Type micain the Search by Name text box.

b. Inthe pop-up list of matching materials, locate and double-click Mica-Typical
[sys:Materials] to select it.

c. Click OK.
Set the Transparent value to0 0.7.
Clear the selection.

Your History Tree should now look like the following image:

Define Materials 3-3
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B4 Model
5o Thermal HeatSink
E-g Transistor
5@ Solids
-4 Plastic, ABS
a-d Body
E! Semiconductor, Silicon carbide (sintered), SiC
a4 Die
-8 Stainless steel, 304, 1/2 hard
& Tab
B Solids
28 Al-Extruded
----J/‘ Heat Sink
o & Mica-Typical
&-& Insulator
i1z, Coordinate Systems
- Planes
-9 Lists

14. H Save your project.

Even though Ansys Electronics Desktop automatically saves your projects after a pre-
defined number of edits, it's a good idea to save your progress often.

Define Materials 3-4
Ansys Electromagnetics Suite 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Getting Started with Mechanical: Steady-State Thermal Solution — Heat Sink

4 - Imprint Insulator on Heat Sink

In a later procedure, you will apply a convection boundary to the exposed faces of the heat sink.
Additionally, one of those convection faces is partially covered by the insulator, and a contact will
be defined at this insulator-to-heat sink interface to specify thermal resistance.

Itis invalid to have convective heat loss from a face that is not exposed to ambient air, such as
any portion of an object's face that is in direct contact with another object. Convection bound-
aries in Mechanical-Thermal solutions are automatically ignored for any portion of a convection
face that is in contact with another body. However, this capability is currently limited to default
bonded contact between adjacent parts. If you manually assign contact for the purpose of impos-
ing thermal resistance, the contact face will not be automatically filtered out of the convection
boundary. Therefore, you must imprint the insulator on the heat sink to split the exposed portion
of the middle-front heat sink face from the contact portion of the face. Then, when later assigning
the convection boundary, you will exclude the heat sink face under the insulator from the selec-
tion set.

In Object selection mode, click the Heat Sink to select it.
Ctri+click the Insulator to select this object also.

On the Draw ribbon tab, click 2/ Imprint.

In the Imprint dialog box that appears, ensure that HeatSink is the Blank part and Insulator
the Tool part.

5. Select Clone tool objects before operation.

> N~

The dialog box should look like the following image:

B8] imprint >

Blark Parts - Tool Parts

Heat_Sink Inzulatar

]
| |

[v Clome bool objects befare operation

| k. | Cancel

6. Click OK.
7. Press F to switch to the Face selection mode.

8. Click the exposed portion of the heat sink face to which the transistor and insulator are
mounted.

Imprint Insulator on Heat Sink 4-1
Ansys Electromagnetics Suite 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Getting Started with Mechanical: Steady-State Thermal Solution — Heat Sink

The highlighting should confirm that the area underneath the insulator is no longer a part
of the selected heat sink face, as shown below:

1

A\

¢
f\x\

&,

NN

f”ﬁ“a
Bzl
g /
T T
<1 ,,-f;.f’" /
oy ,ff
LA
L1
< |
-]
-
L [
| Moo
P T
< § ,r"‘,_/’ff /
ol ’_,.f';
<]
]

9. Clear the selection.

Imprint Insulator on Heat Sink 4-2
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5 - Assign Contact

It is possible to account for the effects of the electrical insulator and contact resistance between
it and the heat sink on one side and the semiconductor on the other. To do so, you would simply
assign contact and specify a conductivity or resistance value that represents the total effect of
the insulator material conductivity and thickness plus the thermal resistance on both sides of the
insulator. However, for this exercise, the insulator is included in the model as a thin solid object.
In this way, you will be able to plot the temperature along a line running through the semi-
conductor, insulator, and heat sink, and you will see the temperature gradient through the insu-
lator thickness. You could also overlay the temperature results on the insulator alone to see the
different contour colors on the front and back faces.

In Mechanical-Thermal designs, you select a single face to define contact, not the pair of faces
that are touching. The target face is determined automatically by the solver.

We will define a thermal impedance, which is an area-based resistance. The value will be 0.15
°C-inch2/W
at both the front and back faces. Define the contact as follows:
1. In Face selection mode, click the exposed front face of the insulator about midway
between it's outer perimeter and the edge of the transistor. Then, Press B to change the
selection to the back face of the insulator.

2. Ctrl+click the exposed front face of the insulator again to select it too.

The status message in the lower left corner of the application window should show that "2
faces are selected":
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2 faces are selected

3. Inthe Project Manager, right-click Contacts and choose Assign > Contacts from the
shortcut menu.

Then, in the Contact dialog box appears, do the following:

a. Fromthe Resistance Type drop-down menu, select Thermal Impedance.

b. Inthe Impedance text box, type 0.15 and select the units cel_in2_per_W from the
adjacent drop-down menu.

c. Click OK.
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Contact1 appears in the Project Manager:

El I:E} Contacts
- IE} Contact]

B9 Boundaries

. In the Project Manager, select Contact1, to visualize the assignment on the model, as
shown below:

e

7

5. Clear the selection.
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6 - Assign Convection Boundaries

A convection boundary transfers heat between object faces and the ambient environment based
on a heat transfer film coefficient and ambient temperature that you specify. You do not actually
include an air region to represent the ambient environment, it is accounted for mathematically.
The film coefficient for this exercise is consistent with a low to moderate amount of forced con-
vection. That is, the film coefficient represents air flow that does not occur solely due to buoy-
ancy and natural convection effects but is assisted by a fan.

Heat is removed from this model by two separate convection boundaries, each assigned to vari-
ous faces of the heat sink that are exposed to ambient air. Two heat sink faces will be
excluded—the back (-X) face, which is assumed to be mounted to an enclosure or circuit board,
and the portion of the heat sink's transistor mounting face that is in contact with the insulator.
The remaining faces are grouped as follows:

« Left and right faces of each fin: In the actual heat sink that the model represents, these
faces are V-grooved to increase the surface area by approximately 41% relative to
smooth faces:

2

However, including the grooves in the CAD model unnecessarily complicates the geo-
metry, increasing the element count and solution time. There is a much more efficient way

——

to account for the grooved surfaces. All faces of the imported model are smooth. When
assigning convection to the left and right faces of the fins, simply increase the film coef-
ficient by 41%, to 14.1 W/(m2-°C), achieving the same increase in heat flow as the
grooved surface area would achieve at the actual film coefficient of 10 W/(m2-°C). The
modeled thickness of the fins is the average thickness of the actual grooved fins.

« All other faces: These faces are smooth, and the film coefficient is assumed to be 10 W/
(m2-°C).
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Note:

Convection boundaries are automatically excluded from portions of assignment faces
that are in default bonded contact with other solid objects. It is no longer necessary to
use imprinting operations to split such faces to isolate contact regions from convection
boundaries. However, for user-defined contact faces (those with thermal resistance),
portions of larger faces that have thermal contact with other objects are not auto-
matically excluded from convection boundaries. In an earlier step, you imprinted the
insulator onto the heat sink to split the mounting face into two faces. For this exercise,
you will include only the portion of the transistor mounting face that is outside of the
insulator contact area in the convection boundary assignment. You will not include the
portion of the face underneath the insulator.

For the purpose of this exercise, you will ignore the small amount of convection from the
exposed faces of the transistor and insulator. Ignoring heat dissipation at these faces and at the
back of the heat sink is conservative. It is better to slightly overestimate the transistor tem-
perature than to underestimate it.

1. With the model view at the default Isometric orientation, select all of the smooth faces of
the heat sink as follows:

a. Click inside the Modeler window to ensure that it is the active window and press F to
switch to the Face selection mode.

b. Click the rightmost face, just slightly above its bottom edge. Then press B to select
the Next Behind face. The bottom of the heat sink should now be selected:
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c. Ctrl+click while also selecting sixteen (16) additional heat sink faces.

A total of seventeen (17) faces should now be selected, as shown in the following
image:
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2. Right-click Boundaries in the Project Manager and choose Assign > Convection from
the shortcut menu.

Then, in the Convection dialog box that appears, make the following changes:

a. Change the default Name to Convection_Smooth.
b. Under Film Coefficient type 10 in the Uniform text box.
c. Choose w_per_m2cel [W/(m2°C)] from the adjacent units drop-down menu.

Assign Convection Boundaries 6-4
Ansys Electromagnetics Suite 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Getting Started with Mechanical: Steady-State Thermal Solution — Heat Sink

Convection >

General l Diefaults ]

MName |C|:unvec1inn_5mnnth
Film Coefficient |'I 0 -
Temperature |;’-‘-mhientTemp | j

Use Defaults

Note:

You can define the Temperature for a Convection boundary directly within
this dialog box, enabling multiple convection boundaries based on different
temperatures. Or, you can use the AmbientTemp design variable. For this
exercise, you will use the design variable method, which is the default. In
the next topic, you will learn how to modify the AmbientTemp design vari-
able.

d. Click OK to apply the convection load to the selected faces.
3. Select the grooved faces of the heat sink as follows:
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a. Select the eight (8) right-side faces of the heat sink fins:

b. Alt + double-click justinside the upper-left corner of the Modeler window's draw-
ing canvas. This action changes the orientation to an alternative isometric view,
which facilitates selection of the left faces of each fin.

c. Ctrl+click to additionally select the eight (8) left-side faces of the heat sink fins.

A total of sixteen (16) faces should now be selected, and the model should
resemble the following image:

Assign Convection Boundaries 6-6
Ansys Electromagnetics Suite 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Getting Started with Mechanical: Steady-State Thermal Solution — Heat Sink

4. Right-click Boundaries in the Project Manager and choose Assign > Convection.
Then, in the Convection dialog box that appears, make the following changes:

a. Change the default Name to Convection_Grooved.
b. Under Film Coefficient type 14.1 in the Uniform text box.
c. Choose w_per_m2cel from the adjacent units drop-down menu.
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Convection >
Name |C|:nnvec1i|:un_Gn:u:uved
Film Coefficient
@ Unforn  [14.1 -
" Mon-Unifam |
Temperature |.-'-".I'I‘||IIiEI‘ItTEI‘I‘||:I | j

Click OK to apply the convection load to the selected faces.

On the Draw ribbon tab, click ® Orient to restore the default Isometric view of the model.
(You do not have to access the Orient drop-down menu because Isometric is the default
view.)

The two convection boundaries are listed in the Project Manager:

: :.r Contactl
=-EF Boundaries

----- @ Convection_Grooved

R ﬁ Convection_Smooth
=% Excitations

Select each boundary in turn to verify the face assignments:
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Convection_Smooth

Convection_Grooved

8. Clear the selection and H Save your project.

Set Ambient Temperature

Define a global ambient temperature of 75° F for this model, as follows:

1. Using the menu bar, click Mechanical > Design Settings.

2. Inthe Ambient Conditions tab of the Mechanical Design Settings dialog box that
appears, make the following changes:

a. Type 75 in the Temperature text box.
b. Select fah (°F) from the Temperature units drop-down menu.

Mechanical Design Settings >

Ambient Condtions | Set Material Overide | Validations |

Temperature  [75 M
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3. Click OK.

Any boundary with AmbientTemp specified as the Temperature setting will be based on
this global 75° F value.
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7 - Assign Heat Generation

Heat input for this model comes from the transistor. Apply a Heat Generation excitation to the
transistor as follows:

1. On the Draw ribbon tab, choose Object from the Select drop-down menu (or, with the
Modeler window active, press O) to switch to the Object selection mode.

2. Click the visible portion of the transistor Body with the cursor positioned over the enclosed
Die. Then, press B to select the Die.

Alternative, select Die from the History Tree (under Transistor > Solids >
Semiconductor...).
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3. Right-click Excitations in the Project Manager and choose Heat Generation from the
shortcut menu.

The Heat Generation dialog box appears.

4. Specify a Total Power of 4 W.

Assign Heat Generation 7-1
Ansys Electromagnetics Suite 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Getting Started with Mechanical: Steady-State Thermal Solution — Heat Sink

Heat Generation >
Mame | HeatGeneration 1
Total Power I |"' W j

IIse Defaults

Note:

Total Power refers to the heat dissipated by the device, not the electrical power
the device conducts or outputs to the circuit.

5. Click OK.
HeatGeneration1 appears under Excitations in the Project Manager:

- Boundaries

Eﬂ Excitations

. #% HeatGeneration]
E@ Mesh

While this excitation is selected, you can visualize it on the model:
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)
N7

6. Clear the selection.
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8 - Mesh Settings

Next, you will adjust the initial mesh settings and assign a length based mesh operation to the
transistor and insulator objects.

1. Inthe Project Manager, right-click Mesh and choose Initial Mesh Settings from the short-
cut menu. Then, in the dialog box that appears, do the following:
a. Click and drag the slider two ticks to the left (to position 3)

Initial Mesh Settings X |
General leanced |

Mesh Method
{* Auto " TAU " Classic

[~ Apply curvilinear meshing to all curved sufaces

Auto Mesh Setting

™ Use dynamic surface resolution

& Use Slider " Manual Settings

Coarse Resolution Fine

3

Small Mesh Count Large

I Save as Default

OK | Cancel

Note:

Mesh refinement is automatically performed on boundary faces. All of the
heat sink, excluding the back face and the insulator contact face, will have
a convection boundary assigned. Making this global mesh setting coarser
prevents the heat sink from being unnecessarily finely meshed.

b. Click OK.
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2. Under Model > Thermal _HeatSink in the History Tree, right-click Transistor and choose
Select All.

3. UnderModel > Thermal_HeatSink > Solids > Mica-Typical in the History Tree, Ctrl+click
Insulator to select it too.

4. Right-click Mesh in the Project Manager and choose Assign Mesh Operation > Inside
Selection > Length Based from the shortcut menu.

The Element Length Based Refinement dialog box appears.

a. Ensure that Set maximum element length is selected and specify 0.04 in in the
adjacent text box and units drop-down menu.

Elernent Length Based Refinement et

Mame: |00 [+ Enable

Festrict the length of elements

W Set maximum element length; 004 lin |

Restrict the number of additional elements

[ Madinmum number of additional elements: |'I Qoo

Cancel

b. Click OK.
5. Press F to switch to the Face selection mode.

6. Click the front face of the heat sink, between the insulator and top edge. Then, press B to
change the selection to the back face of the heat sink.

7. Right-click in the Modeler window and choose Assign Mesh Operation > On
Selection > Length Based. Then:

a. Specify the same settings as shown in the preceding image (step 4.a).
b. Click OK.

Note:

The back face of the heat sink will not have a convection boundary assigned to it
and therefore will not be refined automatically. This mesh operation ensures a
more uniform mesh throughout the heat sink.

Length1 and Length2 are listed appears under Mesh in the Project Manager:
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E@ Excitations

... HeatGeneration1
E@ Mesh
8B Lenathi
|88 Length2
Eﬁ Analysis

P setupl

After running the analysis, you will create a mesh overlay to verify that there are at least two ele-
ments through the thickness of the fins throughout the heat sink. Heat flux results, in particular,
benefit from a somewhat refined mesh.
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9 - Draw Polyline

You can use a single or multi-segment polyline to specify a path for plotting thermal results. The
selected result is plotted versus the distance along the simple or complex polyline. In this exer-
cise, you will draw a three-segment polyline traversing the following points:

» Transistor body's front face (centered over the die)

* Inthe +Y direction to the midplane of the heat sink's back thickness

* Inthe +X and +Z directions to the top-right edge of the heat sink

¢ Inthe -Y direction to the top-right-front corner of the fin
These line segments specify a path through the hottest area of the model (the transistor),

through the insulator, and continuing through the heat sink to the coolest area (furthest from the
transistor).

1. On the Draw ribbon tab, click @ Orient > @ Trimetric for a better view of the front of the
transistor.
2. Onthe Draw ribbon tab, click \ Draw line.

3. Press Tab to jump to the X coordinate text box and specify 0.

Note:

Be careful not to bump your mouse while entering coordinates in these text
boxes. If you do, the cursor location will replace the numerically specified values,
and you will have to enter them again.

Additionally, do not switch the active application window (such as from AEDT, to
your web browser, and back to AEDT). Doing so will reset the base point used as
the reference for relative coordinates, which you will specify in later steps.

4. Press Tab again and specify -0.283 in the Y text box.

5. Press Tab again, specify -0.27 in the Z text box, and press Enter to complete the first seg-
ment.

A dot and miniaxes should appear on the front face of the transistor body centered over
the die:
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6. Move the cursor slightly, and the coordinate entry method for subsequent points should
automatically change to the Relative mode, as indicated in the status bar:

d: -0.2 dy" 0.3 dZ: 0 Relati\j ICar‘teziEﬂ in

If the Absolute mode is still selected, manually select Relative from the drop-down menu.

7. Inthe same manner as for the first point, Tab through the coordinate entry text boxes and
specify the following relative coordinates for the first segment's endpoint. Then press
Enter:

« dX=0
« dY=0.233
e dZ=0

A segment's endpoint is also the start point for the next segment.

8. Enter the following coordinates for the second segment's endpoint and press Enter:
« dX=0.87
e dY=0
e« dZ=0.57

9. Forthe final segment's endpoint, graphically snap to the top-right-front corner of the heat
sink:
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—_

10. Right-click in the Modeler window and choose Done to terminate the Line command.
Polyline1 is added under Model > Lines in the History Tree.

B4 Model
E@% Thermal_HeatSink
=g Transistor
547 Solids
=4 Plastic, ABS
Bl Body
ES Semiconductor, Silicon carbide (sintered), SIC
B0 Die
=% Stainless steel, 304, 1/2 hard
B Tab
=47 Solids
2188 Al-Extruded
----..F’ Heat_Sink
& 4% Mica-Typical
E-& Insulator

|—:-|"\+ Lines /

="~ Polyline1
®-" CreatePolyline
=1, Coordinate Systems

Additionally, Polyline1 and its associated CreatePolyline operation are currently selected,

and the command properties and object attributes are displayed in the docked Properties
window.

11. In the Attribute tab of the docked Properties window, clear the Model option:
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Properties o x

Name | Value | Linit |E1.ra|uated Value
MName Paohdline1
Orientation Global
Model | —
Group Model
Display Wireframe

Material Appearance

Color

r
/|
Transparernt 0
r

Show Direction

I.ﬂd‘tribute ICnmmand |

The polyline is used only for post-processing and does not participate in the analysis.

With Polyline1 still selected, your model should resemble the following image (point mark-
ers were added for clarity):

Clear the selection and H Save your project.
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10 - Set Up, Validate, and Analyze Model

Create an analysis setup using default settings, validate the design, and run the analysis, as fol-
lows:

1. On the Simulation ribbon tab, click @ Setup.

The Thermal Solve Setup dialog box appears.

Thermal Solve Setup >

General lAdvanced] Convergence | Initial Cunditinnsl Defaults]

Mame Setup 1 v Enabled
Saolver Type |F'n:|gram Cortralled j
Stepping |F‘n:|gram Cortrolled j

2. Click OK to accept the default setup.
Setup1 appears under Analysis in the Project Manager:

E@ Mesh
i L. B8R Lengthl

E}? Analysis
- f setup1 ——

----- l@ Optimetrics

3. On the Simulation ribbon tab, click J Validate.

The Validation Check window appears, and there should be no errors or warnings:
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Validation Check: Thermal_HeatSink - MechanicalDesign X
. . ¥ Design Settings
Qf b echanicallesigr o 2D Modsl
¥ Boundariez and Excitations
" alidation Check completed. ' Manitaors

¥ Mesh Operations
¥ Analysiz Setup
" Optimetics

| Cloze |

Click Close to dismiss the Validation Check window.

On the Simulation ribbon tab, click fof Analyze All.

The solution should take about two to three minutes to complete on a current, high-end
computer workstation.

Set Up, Validate, and Analyze Model 10-2
Ansys Electromagnetics Suite 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Getting Started with Mechanical: Steady-State Thermal Solution — Heat Sink

11 - Evaluate Results

In this final section, you will generate a mesh overlay, a 2D plot of the temperatures along the
previously defined polyline, and overlays of the temperature magnitude and heat flux vectors.

The following three topics are covered in this section:

+ Mesh Overlay: Overlay the generated elements on the geometry in the Modeler window.

+ Temperature vs. Distance Plot: Create a 2D plot of the temperature versus distance
along Polyline1.

* Temperature Overlay: Overlay the temperature results on the geometry in the Modeler
window.

+ Heat Flux Vector Overlay: Overlay the heat flux vector results on the geometry in the
Modeler window.

* Fields Summary: Create a summary of the Heat Flow Rate results at the convection
boundaries.

Mesh Overlay

Overlay a mesh plot on all five solid parts of the model, as follows:
1. In Object selection mode, click in the Modeler window and press Ctrl+A to select all
objects.

2. Under Model > Lines in the History Tree, Ctrl+click on Polyline1 to deselect it while leav-
ing all solid objects selected.

3. Right-click Field Overlays in the Project manager and choose Plot Mesh from the short-
cut menu.

The Create Mesh Plot dialog box appears:
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Create Mesh Plot >

Mame:  |peszhi

Design Mame:  MechanicalD esigni

Contest
S alution; |Setup1 - Salutian ﬂ
Field Type:  |Fields ]

Done | Cancel |

4. Click Done to accept the default plot setup and generate the mesh overlay.
Mesh1 appears under Field Overlays > MeshPlots in the Project Manager:

- Results
E% Field Overlays

Your model should now resemble the following image:
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5. Under Fie

Plot Visibility option.

. Distance Plot

Temperature vs

Plot the temperatures along Polyline1 (from the top of the transistor, through the contact res-

to the top of an outermost fin).

istance disk and heat sink base

Then, in the Report

2D.

Ids Report >

1 Fie
ing

=

click
do the follow

On the Results ribbon tab,

1

log box that appears,

1a

d

-down menu.

1 from the Geometry drop

Ine

a. Select Polyl

b. Inthe Points text box, type 9116
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Note:

Polyline1 has a total length of 1.823 inches. Because the insulator is very
thin (0.003") and, for the purpose of capturing temperatures very close to
contact faces, you are specifying a data point resolution of 0.0002"
(1.823/0.0002 + 1 = 9116 points).

Temperatures captured exactly on contact faces are ambiguous because
there are actually two coplanar faces with differing temperatures. There-
fore, to capture the abrupt temperature change across a contact area, we
will look at the results at +/-0.0002 inches from the distances along the poly-
line that are associated with the contact faces. One contact face is at
Distance = 0.180", and the other is at Distance = 0.183". Therefore, we will
place markers at the following Distance values (all in inches):

e 0.1798
« 0.1802
« 0.1828
* 0.1832

Additionally, we will mark data points where the transistor body and die
meet and where the die and mounting tab meet. Thermal resistance is not
being considered at these object interfaces. Therefore, there will be no tem-
perature discontinuities at these faces.

c. Ensure that the remaining settings are as shown in the following image:
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Context

Solution: |5et|_||:|1 : Solution

E3 Report: Thermal_HeatSink - MechanicalDesign1 - Calculator Expressions Plot 1 - Temperature

Trace l Families ] Families Display l

=]

Primary Sweep: |Distanu:e

||l

Fl

Geometry: |Polyline 1 hd
| Y J X [v Default |Di5taru:e
Points: | 9116 .
. ange
i |Temperature Function...
Category: Quantity: ~ Function:
Variahles m
Cutput Variables . Mag_HeatFlux abs
Caloulator Expressions Surface L Densi acns
Calculator Complex Expn Hriace_Loss_ ens.ltg.r acosh
Design VYolume_Loss_Density ang_deg
Linked_Heat_Transfer_C |ang_deg_val
Heat_Flow_Rate ang_rad
arg
asin
asinh
atan
atanh
Cos
cosh
cum_integ
IUpdate Report Cum_sum
dB
v Real ime < > AR 1Nnnrmalize
Cutput Variables. .. | Dpﬁnns...| Mew Report | | Close

d. Click New Report and then click Close.

Calculator Expressions Plot 1 appears in a new window.

In the plot window, click the X axis label, Distance [mm)], to access the associated prop-

erties.

In the Scaling tab of the docked Properties window, make the following changes:
a. Clearthe Auto Units option.

b. Choose in (inches) as the Units value.
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Properties o =

Mame | Value | Lt | Evaluated Value h

Auis Scaling | Linear

Specify Min [

Min 0 in

Specify Max [

Max 175 in

Specify Sp... [

Spacing 02 in

Minor Tick...| 5

Manual Units

Auto Units [ 44—

nits N f———

Infinity Visualization w

Axis | 5caling || Catesian | General |

4. Inthe plot window, click the Y axis label, Temperature [cel], to access the associated
properties.

5. Inthe Scaling tab of the docked Properties window, make the following changes:
a. Clear the Auto Units option.
b. Choose fah (°F) as the Units value.

Properties o =

Name | Walue | Uit | Evaluated Value A

Axis Scaling | Linear

Specify Min [

Min 150 fah

Specify Max [

Max 210 fah

Specify Sp... [

Spacing 10 fah

Minar Tick... &

Manual Units

Auto Units [ p—

Unitz fah  eff—

Infinity Visualization

Map Infinit... [ W

Pwis | Scaling | Cartesian ] General ]

6. Click in the background area of the plot to clear the selection.
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Your plot should now look like the following image:

Calculator Expressions Plot 1 MechanicalDesignt ANSYS
2024 R1
210
200
: —  Temperature
_ Setup? : Solution
190

Temperature [fah]
@
—
|

—
|
]

160

150 T T T T l T T T T l T T T T _| T T T T T T T T T T T T T
0.00 0.25 0.80 0.78 1.00 1.25

Distance [in]

The steepest temperature gradient occurs as a result of thermal resistance at the insulator

contact faces and limited thermal conductivity through the thickness of the mica insulator.

Also, the temperature continues to trend downward as the distance from the transistor

(the source of the heat) increases. These results are expected.

7. Click on the red trace to selectit. Then, in the Attributes tab of the docked Properties win-

dow, do the following:
a. Forthe Line Width Value, type 2.
b. Press Enter.
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Properties o x
Name | Walue |

MName Temperature:Curve1
Color —
Line Style Solid
Line Width R e
Trace Type Cortinuous
Show Symbol [
Symbaol Frequency (15
Symbaol Style HorizontalLeft Trian...
Fill Symbal [
Symbal Calor (|
Show Amows [

|:’-'~ttri|:uutes|| Cartesian ] General ]

In the following steps, you will zoom into the area of interest of the plot and add several
markers. A thinner trace facilitates more precise placement of the markers.

8. With the 2D Plot the active window, on the View ribbon tab, click @Q Zoom Area. Then:

a. Using the following image as a guide, click at point "1" and drag to point "2" to define
a zoom area tightly enclosing the steepest portion of the curve:

210 — &2 _—
L1

200

1390

180

-
=]
L}

160

E— P

b. After releasing the mouse button, press Esc to terminate the Zoom Area mode.
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9. Right-click in the plot window and choose Marker > Add Marker from the shortcut menu.
Then:

a. Using the plotimage below as a guide, click to place markers at the six points
shown (m1 through m6).

Do not be concerned if an X location differs slightly from the value shown in the
image. You can adjust the exact distances for the markers as needed using the
instructions in the note below the image.

b. Press Esc to terminate the Add Marker command.

Calculator Expressions Plot 1 MechanicalDesignt ANSYS
2024 R1
mi -
209.2808 —
196 7808 —
1 —— Temperature
i Setup : Solution
=
E -
a i
% Mame ¥ [in] Y [fah]
E‘_ 184.2608 mi 0.0800 | 2089181
g 1 m2 0.1300 | 2091403
= 1 m3 01798 | 1991795
] m#4 0.1802 | 1866810 5
1 ms 01828 | 1736025
171.7808 — mé | 01832 | 181.1887
i e
- F
1592808 T T T T I T T T T I T T T T | T T T T
0.05695 0.10695 0.15695 0.20695 0.25421
Distance [in]
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Note:

If you accidentally place a marker at a different X distance than intended, you can
drag the marker to a new location along the curve, after terminating the Add
Marker command. Additionally, you can select a marker in the table and edit its
Distance value in the Marker tab of the docked Properties window.

Because the temperature curve is so steep between markers m3 and m6 (almost
vertical), a very slight change in the X value (even in the fifth decimal place) sig-
nificantly affects the Y value. The docked Properties window shows the distance
with greater precision than the default marker table precision of 4.

The transistor temperature is significantly hotter than it would be if you were to assume perfect
contact (no thermal resistance) and exclude the insulator. You can see the importance of con-
sidering these details. The combined effects of the two contact faces and the insulator raise the
transistor's temperature about 37.1 °F (or 20.6 °C). The observations listed below detail the sig-
nificance of the six markers you added to the plot.
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Observations:

+ Markers m1 and m2 correspond to the front and back faces of the die. Prior to
m1, there is a slight temperature increase as the die is approached. This gradi-
ent is due to the small amount of die heat dissipated by conduction through the
plastic body to the heat sink. The temperature is fairly flat through the die thick-
ness, which is not surprising since it is the heat source, and it has a high thermal
conductivity relative to the adjacent objects. The side of the die facing towards
the heat sink is slightly cooler than the front side.

* Between markers m2 and m3, the temperatures correspond to the stainless
steel tab. Stainless steel is a poorer heat conductor than aluminum, and the
cross-section through which heat is flowing is relatively small. Therefore, the tem-
perature gradient here is steeper than at the portion of the plot associated with
the heat sink (X >0.183").

* The contact face between the transistor and insulator occurs at X = 0.180". The
temperature differential between the nearest data points on either side of this
contact face (m3 and m4) is approximately 12.5 °F due to thermal contact res-
istance.

* Between markers m4 and m5, the temperatures correspond to the mica insu-
lator. Due to the material's low thermal conductivity, the temperature gradient is
steep through this very thin part, though not as steep as the gradients at the con-
tact faces.

* The contact face between the insulator and heat sink occurs at X =0.183". The
temperature differential between the nearest data points on either side of this
contact face (m5 and m6) is approximately 12.4 °F due to thermal contact res-
istance. This result closely matches the temperature differential between mark-
ers m3 and m4, which is expected (since the thermal resistance and total heat
flow rate are the same), though the areas differ between the two contact faces.
However, the effective contact area on the back side is about the same because
in-plane heat flow in the insulator should be minimal. That is, the path of least res-
istance is normal to the insulator's contact faces, through the 0.003 inch thick-
ness.

Temperature Overlay

Create an overlay of the temperature results:
1. From the menu bar, click Window > 1 Thermal_Heatsink - MechanicalDesign1 -
Modeler to make the Modeler window the active window and to bring it to the foreground.

2. Under Field Overlays > MeshPlots in the Project Manager, right-click Mesh1 and choose
Select Assignment from the shortcut menu.
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This action is a convenient way to reselect all solid objects and exclude the polyline, since
this selection set was the basis of the mesh overlay.

3. Right-click Field Overlays and choose Plot Fields > Temperature. Then, in the Create
Field Plot dialog box that appears, do the following:

a. Verify that the settings match the following image:

Create Field Plot

[ Specify Mame |Temperature‘|

[ Specify Folder |Temperature

E

Deszign:  MechanizalD ezignl
Context

-]
=]

Salution: |Setupl : Salution

Field Type: |Fizlds

[ntrinsic Y ariables

Save Az Default |

Done |

Fields Calculator ..

>

| Surface Smoothing ...

Cateqary: | Standard -

[Iuantity

Temperature

HeatFlux

bag_HeatFlux

Surface Losz Density
Walume Loss Density
Linked Heat Transfer Coe

Cancel

[ Y alume

Heat_Sink,
Inzulator
Body

Die

Tahb
All0bjects

v Plat an surface only

[ Streamline

b. Click Done.

The color contour overlay and temperature legend appear in the Modeler window.

4. Double-click inside the plot legend to access the plot settings. Then, make the following
changes in the Temperature dialog box that appears.

a.
b.
c. Change the Precision value to 2.

In the Scale tab, choose fah (°F) from the Units drop-down menu.
In the Number Format section, choose Decimal from the Type drop-down menu.
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Color map Markerfﬁrrc:w] Plats ]

Mum. Division |10 Save as default

& Ado Min: [155.16

" Use Limits Max: | 20881

" Specify Values |

[ dB Units  |fah wff—
* Linear " Log

Auto Scale Options

| Limit Max/Min precisionto |4 | digits

Mumber Format
Type: | Decimal - | Width: |7
/ Precision: |2

d. Click Apply and then click Close.

-l

Your temperature overlay should now resemble the following image:
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Ansys

Temperature
2024 R1

[fah]
Max: 210.25

.211.0

2054
199.8
194.2
188.6
183.0
1774
171.8
166.2
160.6

. 155.0

Min: 155.16

Because of the large temperature gradient across the contact faces and mica insulator the heat
sink and insulator are all dark blue. The transistor is overlaid with the remaining colors of the
spectrum. To see a full spectrum of color on each of these objects, complete the following
optional procedure:

5. Select the HeatSink object.

6. On the Draw ribbon tab, click @ Show only selected objects in active view.

The transistor and insulator are still visible because they are specified as the selection for
the temperature overlay.

7. Once again, select the HeatSink object.

8. Under Field Overlays > Temperature in the Project Manager, right-click Temperature1
and choose Reassign.

The overlay is updated and the legend adjusted to show only the range of temperatures
within the heat sink, as shown in the following image:
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Temperature Ansys
2024 R1
[fah]
Max: 161.18
161.20

160.59
168.98
168.37
168.76
168.15
167.54
166.93
166.32
16571
16510
Min: 155.16

9. Using the same method as described in steps 5 through 8, change the object visibility and
temperature overlay again, but this time select only the Transistor. To select the three
objects comprising the transistor in a single operation: Under Model > Thermal _HeatSink
in the History Tree, right-click Transistor and choose Select All.

Also, optionally look at the temperature distribution in the Insulator alone.

The revised overlay showing transistor contours should look like the following image
(rotated to see the back face):
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Temperature
[fah]

Max: 210.25

211.0
. 2057
2004

1951
189.8
184 .5
179.2
173.9
166.6
163.3
156.0
Min: 158.96

The revised overlay showing insulator contours should look like the following images
(views of front and back shown):

Temperature
[fah]

Max: 187.86

186.0
. 184.9
181.8

1768.7
175.6
172.5
169.4
166.3
163.2
160.1
157.0
Min: 157.68
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10. On the Draw ribbon tab, click @ Show all objects in active view to restore the visibility
of all model objects and 9 Orient to restore the default Isometric view.

11. Optionally, you can select all solid objects and reassign them to the Temperature1 over-
lay, to restore color contours to all objects.

Note:

Rather than reassigning the temperature overlay to different objects and selectively hid-
ing objects, you could alternatively create a Fields Summary. You can set up the sum-
mary to list the minimum, maximum, and mean temperature results individually for
each object in the model. The preceding method was chosen because of the visu-
alization of the range of temperatures as a full color spectrum that it provides for each
component.

In the final procedure in this guide, you will create a fields summary of heat flow rates
for the assigned heat generation excitation and convection boundaries.

Heat Flux Vector Overlay

Finally, create a heat flux vector overlay. But, before doing so, turn off the visibility of the tem-
perature overlay.

1. Under Field Overlays > Temperature in the Project Manager, right-click Temperature1
and clear the Plot Visibility option in the shortcut menu.

2. Under Field Overlays > MeshPlots in the Project Manager, right-click Mesh1 and choose
Select Assignment.

3. Right-click Field Overlays in the Project manager and choose Plot Fields > Heat Flux >
HeatFlux from the shortcut menu.

In the Create Field Plot dialog box that appears:
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a. Ensure that the settings match the following figure:

Create Field Plot >
[ Specify Mame |HeatFIu:-:'I Fields Calculatar ... |
[ Specify Falder |Heat Flu J Categony: |5tandard -
Deszign:  MechanizalD ezignl [uantity [ Y alume
Contesxt :
Temperature HeatSink,
S oluticr: |Setup1 : Solution j Tranzistar
bag_HeatFlusx ContactR esistance

Field Type: [Fislds =l

[ntrinzic Y ariables

Save Az Default | [v Plot on surface only

Daone | Cancel

[ Streamline

b. Click Done to accept the settings and generate the vector overlay.
A heat flux vector overlay and legend appear in the Modeler window.

4. Double-click inside the legend to access the plot settings.

5. Under the Scale tab of the Heat Flux dialog box that appears, make the following
changes:

a. Choose W_per_in2 (W/in2) from the Units drop-down menu.
b. Select the Log option.
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Color map Marker/ Amow ] Plats ]

Mum. Division |10 Save as default
i* Auto Mir: 0.0001

(" Use Limits Max: |771.1030

" Specify Values |

[ dB Urits  |W_per_in2 | p—

" Linear {* |Log

Auto Scale Options
Iv Limit Max/Min precisionto |4 vl digits

Mumber Fomat

Tvpe: | Atomatic | '¥Width:

Precision:

|

The logarithmic scale is better suited for the wide range of heat flux values than the
default linear scale.

c. Click Apply and then click Close.

6. Press F6 to display the model as a wireframe, suppressing face shading for a cleaner vec-
tor display.

Your model overlay should now resemble the following image:
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7. Optionally, press F7 to restore the shaded model view.

Create Fields Summary

Finally, create a fields summary to report the total heat flow rates for the heat generation excit-
ation and convection boundaries. You will report the individual totals for the smooth and grooved
surface convection boundaries as well as the combined total for both convection boundaries.

1. Right-click Field Overlays in the Project manager and choose Create Fields Summary
from the shortcut menu.

Two dialog boxes appear: Fields Summary and Setup Calculation.

2. Inthe Setup Calculation dialog box, do the following:

a. Ensure that the Entity Type and Geometry Type selections are Boundary and
Surface, respectively.

b. Inthe Entity list, select Heat Generation.
c. Inthe Quantity list, select Heat Flow Rate.
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B Setup Calculation — >
Entity Type: * Boundary | ¢ Object
Geometry Type: * Surface " Yaolume

Entity: J Quantity:

Contactl Temperature
Corvection_Grooved Mag_HeatFlux
Convection_Smooth Surface Lozz Dengzity

HeatlGenerationd Yolume Loss Dengity
Linked Heat Transfer Coefficent

Heat Flow Fate

Therrmal Conductivity >
Thermal Conductivity v
Thermal Conductivity £

| Add * | Cloge |

d. Click Add and select Add as Single Calculation from the drop-down menu.

A row showing the total heat generation appears in the Calculations table of the
Fields Summary dialog box.

e. Inthe Quantity list, deselct Heat Flow Rate and select Convection_Grooved and
Convection_Smooth.

Temperature

hag HeatFlus

Surface Lozs Dengty

Walume Logz Dengity

Linked Heat Transfer Coefficent

Heat Flow Fate

Therrmal Conductivity >
Thermal Conductivity v
Thermal Conductivity £

f. Click Add and select Add as Multiple Calculation from the drop-down menu.

Two rows appear in the Calculations table of the Fields Summary dialog box, one
for each convection boundary.

g. Click Add again but, this time, select Add as Single Calculation.

A fourth row appears in the Calculations table showing the total heat flow rate for
the two convection boundaries combined:
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[npits

S olution: |Setup1 : Solution

' Design ariation: |Nnminal

B

Calculations:
Entity Type | Geometry Type| Entity Cuantity ‘ Side ‘ Hormal ‘ Areatolume | Total ‘
Boundary | Surface HeatGeneration] Heat Flow B atelw] Default 8.0257%-06 m"2 [3.99957
_Boundary Surface Corwection_Grooved Heat Flow R ateli]  Default 0.0052903 w2 | 34063
_Bcuundary Surface Convection_Smooth Heat Flow B atelw] Default 00041386 m"2 |0.705324
_Boundary Surface Convection_Grooved Convection_Smooth | Heat Flow R atelit] | Default 0.00670386 "2 1399339
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Observations:
« The total heat generation (row 1 with blue-green highlighting) is vir-
tually identical to the 4W heat generation excitation assigned to the
transistor die.

¢ Manually sum the two separate total power values reported for the
grooved and smooth convection boundaries (rows 2 and 3 with yel-
low highlighting). The sum is 4.1116W, which is approximately 2.8%
(0.1116W) in excess of the total assigned heat generation of 4W.
The cause of this slight power imbalance is reporting redundancy
that occurs at edges shared by two adjacent convection boundaries.
There are many such edges in this model.

* However, when the combined effect of both boundaries is reported
as a single calculation in the fields summary, the redundancy does
not occur (each shared edge's heat flow is only counted once).
Therefore, the total heat flow reported in row 4 (with blue-green high-
lighting) matches the heat generation reported in row 1 to within an
infinitesimal error margin.

» For the following observations, each individual convection bound-
ary's total heat flow will be reduced by half of the excessive flow
reported (that is, half of 0.1116W). The adjusted values, totaling 4W,
are 3.3505W and 0.6495W, respectively, for the grooved and
smooth faces:

° The grooved convection faces represent 78.9% of the total
convection surface area
(100% * 0.00529031m?2 / 0.00670386m?) and about 83.8% of
the total convective heat flow rates of the two boundaries com-
bined (100% * 3.3505W / 4W). By comparison, the smooth
faces represent 21.1% of the total convection surface area
and produce about 16.2% of the total convective heat flow.
Does this result match expectations? To answer that ques-
tion, we can estimate what the relative convective heat flow
rates would be based on the surface areas and film coef-
ficients of each boundary.

o |f all faces were assumed to be at the same temperature, the
grooved faces (78.9% of the total area), with a film coefficient
of 14.1 W/(m2-°C), would account for 84.1% of the total con-
vective heat flow. The smooth faces (21.1% of the total area),
with a film coefficient of 10 W/(m#2-°C), would account for
15.9% of the total convective heat flow. The actual results are
skewed slightly from these values, with the grooved faces
accounting for slightly less of the total heat flow, and the
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smooth faces slightly more, as compared to the equal-tem-
perature assumption. The explanation of the actual results is
that the heat sink face closest to the transistor, and therefore
the hottest face, is smooth. Additionally, the smooth faces at
the gaps between each pair of fins are closer to the heat
source than most of the grooved surface area and are there-
fore hotter. Higher temperatures drive higher convective heat
flow rates for any film coefficient, accounting for the sligtly
increased relative contribution of the smooth faces.

3. Inthe Fields Summary dialog box, click OK to close both dialog boxes.

4. H Save your project.

Congratulations, you have completed the Thermal Solution — Heat Sink getting started guide.
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