
You want to know thermal anomalies in advance?

Find out about temperature before building a prototype! 

Thermal PCB Analysis with eCADSTAR & TRM
A New Approach 

By Dr. Johannes Adam (ADAM Research) in collaboration with
Karl-Heinz Kluwetasch of CSK - CAD Systeme Kluwetasch GmbH
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How many °C result from Watts and/or how many °C result from Amps?

What is it about ?
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The thermal software we link to eCADSTAR is called ɈTRM3Ɉ

Two partners: eCADSTAR design and thermal analysis by TRM3

TRM3eCADSTAR
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Å Watts and Amps

Å Layer stack

Å Layout

Å Drill pattern

Å Position and size of the components

Å Watts and Amps

Å Material values (thermal conductivity etc.)

Å Ambient conditions

In eCADSTAR, you or colleagues could define component attributes like Watt, Amp, Rǃ

Notes:

Rarely is any result proportional to an input variable.

The TRM3 software is easy -to -use for an EE who is not an expert in thermodynamics. 

TRM3 can also cope with raw data. 

Subsequent thermal optimization can be managed in TRM3.

What does the temperature depend on?

Files are extracted by CSK skripting
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Must have:
Å Layer stack with buildup technology and rules 

Å Board Outline

Å TRM Attribute

Å Component 

Å Connection

Å Settings for manufacturing data for use with the script or for manual creation

Optional:
Å Drill pattern (TRM can cope without drill files)

Å Component attributes (TRM allows to add Watts or Rǃ) 

Å Netlist attributes (TRM allows to add Amps or Volts) 

Mandatory and optional preparations in eCADSTAR
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From eCADSTAR design to thermal analysis
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Å Automated Export  from eCADSTAR for TRM3
Å Using macros and a program (eCADSTAR_TRM.exe)

Å Automated Import in TRM3
Å Available PCB data

Å Completing the thermal model

Embedded ribbon menu for TRM3



Thermal attributes

Further actions in eCADSTAR
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Range of TRM Attributes in eCADSTAR

Definition and purpose of major  and optional TRM attributes:

Thermal:
TRM-POWER [W] = Component power dissipation in Watt
TRM-KW-AIR      [K/W] = Special thermal resistance top face to air (K/W). e.g. heat sink
TRM-KW-BRD    [K/W] = Special thermal resistance between footprint and layer (K/W). e.g. underfill or adhesive
TRM-RJB             [K/W] = Internal thermal resistance Junction -Board (K/W)
TRM-RJT             [K/W] = Internal thermal resistance Junction -Top (K/W)

Electrical :
TRM-Amp [A] = Current on this pin/pad
TRM-Volt             [V] = Voltage on this pin/pad

Notes:
All attributes or missing attributes can also be added after export within TRM3. 
For a Quick Start no thermal attributes are required .

eCADSTAR Library Editor: Part Attributes

This is additional data (attributes) that a user could optionally provide but does not necessarily need to do so.
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eCADSTAR Library Editor - Attribute Manager

The entries can be set to ɈRead Onlyɉ separately in SCM and PCB.

The default values ʋʋcan 
be overwritten in SCM 
and PCB if necessary.

Using the attribute manager, the required TRM3 
attributes are added to the eCADSTAR library.

With edit part you can enter 
default values ʋʋfor this part.
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Use of TRM -Amp[A] and TRM -Volt[V]

As an example, we define the incoming amperage  (sink) and the 
outgoing amperage  (source) for RefDes=IC602

TRM-Amp[A] = 8:-2.5 A at Pin/Pad 8 (8 = Pin 8 and -2.5  = -2,5 Ampere)

Note:
Å If several pin ampere values are listed, then separate by a 

semicolon .
Å Either a "," (comma) or a "." (dot) is useable as a decimal separator .
Å Numeric or alphanumeric pin names are possible .
Å Total -current in a net = 0 A (exceptions possible).

The attributes required for further calculations are :
TRM-Amp[A] = 8:-2.5;7:1.8 (numeric )
TRM-Amp[A] = P8:-2.5;P7:1.8 (alphanumeric )

or

TRM-Volt[V] = 8:5.0;6:2.5 (numeric )
TRM-Volt[V] = P8:5.0;P6:2.5 (alphanumeric )

Attention: Amps and Volts on the same pin/pad is not possible.

The displayed 
values are

for illustrative 
purposes only and 

are not already 
present in the 

following project.
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Values for TRM attributes in eCADSTAR

Å Default values can be predefined or stored in the library at parts level.
Å In the SCM and PCB, the attributes of the components can be modified individually in a Properties window.
Å The values used can also be displayed directly in the drawing area if required.

SCM                            <  -- > PCB
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Editing the TRM attributes

Supported by forward and backward annotation, the circuit diagram and the PCB can always be kept 
synchronized. Changes and variations are made from the SCM and Forward annotation or direct PCB and 
Backward annotation to update SCM.

PCB Editor - Constraint BrowserSchematic Editor - Constraint Browser

All TRM attributes can be clearly displayed and provided in the eCADSTAR Constraint Browser.
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All following 
paths show 

the respective 
target folders 
of the export 

or project 
data.

CSK script for maximum user -friendly automation

..\SCM_PCB_TRM3\Project \PCB\eCADSTAR_TRM3\TRM\ZukenData \BoardDetails.txt

Note: Only the eCADSTAR_TRM.exe program can create the required files.

eCADSTAR_TRM.exe is collecting all necessary information for TRM3.
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What will be done with your data? 
Gerber RS274X

Output of the Gerberx  data  : Top_Electrical eCADSTAR_TRM3.fph
Output of the report   : Top_Electrical eCADSTAR_TRM3.fpl  

..\SCM_PCB_TRM3\Definitions \Manufacturing_Devices \Driver_Setting \TRM3\Gerber_X\Gerber_X_8_Layer.photo

Creating the Gerber data Processing the Gerber data
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What will be done with your data?
Drill Excellon2

Output of the NC drill data  : NC-Drill_1-2_DK eCADSTAR_TRM3.fdr
Output of the report   : fdrNC-Drill_1-2_DK eCADSTAR_TRM3.fdl

..\SCM_PCB_TRM3\Definitions \Manufacturing_Devices \Driver_Setting \TRM3\NC_Drill\8_Layer_NC_Drill.drill

Creating the NC drill data Processing the NC drill data
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What will be done with your data?
IDF 3.0 assembly

..\SCM_PCB_TRM3\Definitions \Manufacturing_Devices \Driver_Setting \TRM3\IDF\IDF_Export.xml

..\SCM_PCB_TRM3\Project \PCB\eCADSTAR_TRM3\TRM\ZukenData \IDF\eCADSTAR_TRM3.emn

..\SCM_PCB_TRM3\Project \PCB\eCADSTAR_TRM3\TRM\ZukenData \IDF\eCADSTAR_TRM3.emp

Creating the IDF data Processing the IDF data
(components and placement )
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What will be done with your data?
IPC-D-356A

..\SCM_PCB_TRM3\Definitions \Manufacturing_Devices \Driver_Setting \TRM3\IPC_D_356A\IPC_D_356A.ipcd"

Creating the IPC-D-356A data Processing the IPC_D -356A data (net list )
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After exporting , the file location is as follows :

..\SCM_PCB_TRM3\Project \PCB\eCADSTAR_TRM3\TRM\ZukenData \BOM\Components.txt
or %temp %\TRM\ZukenData \BOM\Components.txt

Example:

What will be done with your data?
The Components.txt file

# Zuken2TRM
# Version 1.0 
# Exported by CSK / eCADSTAR_TRM2025.0
RefDes TRM-POWER     TRM-KW-BRD   TRM-KW-AIR    TRM-RJB     TRM-RJT                        
"E1"                          "2.0"                    "3.0"                   "1.0"                   "4.0"            "5.0"
"C874"                      ""                         ""                        ""                        ""                ""
"IC601"                     "2"                       ""                      ""                        ""               ""  
"IC1"                         "0.5"                    "0.2"                   "0.1"                   "0.3"            "0.4"

Components.txt contains information about power loss and thermal resistances for TRM. 

Note: Only the program eCADSTAR_TRM.exe can create the above -mentioned file. 
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What will be done with your data?
The Nets.txt file

Nets.txt contains the information about the current and voltage assignments at component level.

Net RefDes Pad Amp Volt
"ACT_N" "IC4" "L3" "2" ""
"5V0" "IC1" "1" "" "5.0"
"VDD" "IC3" "Out" "3" ""
"PS6_SW_REG"                    "IC601"           "6"       ""        "2.5"     
"PS6_SS_REG"                      "IC601" "4"       ""        ""        
"PS6_EN_REG"                     "IC601" "1"       ""        "5.0"     
"PS6_VFB_REG"                   "IC601"             "2"       ""        ""        
"VIN_12V"                             "IC601"           "8"   "2.5"     ""        
"PS6_VREG5_REG"              "IC601"       "3"       ""        "" 
"VIN_12V" "E1" "5" " -2.5"       ɈɈ

Ɏ

The file location is: ..\SCM_PCB_TRM3\Project \PCB\eCADSTAR_TRM3\TRM\ZukenData \BOM\Nets.txt
If a net (signal) is defined merely with Amperes given then the Amps must sum-up to zero.

Note: Only the program eCADSTAR_TRM.exe can create the above -mentioned file. 
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What will be done with your data?
The BoardDetails.txt file

..\SCM_PCB_TRM3\Project \PCB\eCADSTAR_TRM3\TRM\ZukenData \BoardDetails.txt

All available Gerber files are displayed, 
including the copper thickness, the board 

name and the board size.

Note: Only the eCADSTAR_TRM.exe program can create the required files.
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TRM3 Export Settings
Individualize output options and directories

eCADSTAR Panel Suite [Thermal Analysis] 

1. TRM3 Export Data
Brings data from eCADSTAR to 

%temp%\TRM\ZukenData

2. TRM3 Interactive
Start the TRM3 program directly from eCADSTAR

Only two steps are necessary in eCADSTAR to start a simulation, after 

which the import of the TRM Wizard can be used directly (see next slides ).



Get a result

Import data to TRM3
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Å Temperature is not just single number , but a 3D array . For every comp and every layer

Å Joule heat created by current is also a 3D field and will be calculated by TRM

Å Sources of heat are Watt on selected components and/ or DC Ampere in selected signals

Å Components do not conduct electricity *

Å Ampere come with pins and values. In a signal Amperes must sum-up to zero **

*) electric conducting components =advanced option

**) some more variants of electricx definitins are shown

What do we mean by Ɋthermal simulation Ɉ ?

2 W DC
+2Aɩ2A

±2A0V

±2A 0V

±0.1V 0V

-2A+2A

PinPinComp
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Some physics : The circuit board is a heat exchanger

http://www.elektronikpraxis.vogel.de/leiterplatten/articles/432598/
EP Heft 5.2.14
http://electronicdesign.com/embedded/engineer -s-guide -high -quality -pcb-design

This sketch is kind of true, but not quite!
Å Massive heat transport also in FR4
Å Heat flow from hot areas to cool areas only, finally to ambient
Å Everything interacts with each other.

http://www.elektronikpraxis.vogel.de/leiterplatten/articles/432598/
http://electronicdesign.com/embedded/engineer-s-guide-high-quality-pcb-design
http://electronicdesign.com/embedded/engineer-s-guide-high-quality-pcb-design
http://electronicdesign.com/embedded/engineer-s-guide-high-quality-pcb-design
http://electronicdesign.com/embedded/engineer-s-guide-high-quality-pcb-design
http://electronicdesign.com/embedded/engineer-s-guide-high-quality-pcb-design
http://electronicdesign.com/embedded/engineer-s-guide-high-quality-pcb-design
http://electronicdesign.com/embedded/engineer-s-guide-high-quality-pcb-design
http://electronicdesign.com/embedded/engineer-s-guide-high-quality-pcb-design
http://electronicdesign.com/embedded/engineer-s-guide-high-quality-pcb-design
http://electronicdesign.com/embedded/engineer-s-guide-high-quality-pcb-design
http://electronicdesign.com/embedded/engineer-s-guide-high-quality-pcb-design
http://electronicdesign.com/embedded/engineer-s-guide-high-quality-pcb-design
http://electronicdesign.com/embedded/engineer-s-guide-high-quality-pcb-design
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Å GOOD input provides GOOD output

Å Prio1: Watts must be realistic  (resp. Amps, RMS?)

Å Prio2: Layer structure (final copper thickness, prepreg thickness, prepregsɅ thermal conductivity)

Å Prio3: Environmental conditions (Tair, heat transfer coeff .)

Å Prio4: Components (footprints, thermal representation)

How accurate is TRM?

8W
100°
C

If the data is good, an accuracy 

of 95% is expected
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Is there an optimal thermal design?

We say: ɊNoɈ!

Costs

EMC

Layout

Components
Time

pressure Customer
SI

Assembly

Space

Mechanics Environment

CircuitryManufacturing

Marketing

Temperature
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Request a Live Demonstration

www.adam -research.dewww.cskl.de

http://www.cskl.de/
http://www.adam-research.de/
http://www.adam-research.de/
http://www.adam-research.de/
http://www.adam-research.de/
http://www.cskl.de/
http://www.adam-research.de/
http://www.cskl.de/

