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Dirk Linnenbrügger / Jerry Long

Webinar

Designing for High Current / High Power PCB Applications
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Products / Solutions for Electronic Designers

Solutions

• PCB Layout

• PSpice-Simulation

• SI- and PI-Simulation

• EMI and Antenna Simulation

• Timing Analysis

• Thermal Simulation

• 3D mCAD-eCAD Integration

• CAM Verification

• Boundary Scan Test

• Protocol Analysis

• Electronic Data Management

• PLM and ERP-Connection
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Focus on Customer Satisfaction

Sales

• Fair, competent advice

• Long term solutions

Support

• Hotline, Fastviewer

• Survey

Service

• PCB Design Services

(Layout, Simulation, Migration)

Training

• Trainings center, on-site

• Workshops
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Electrical and Thermal Co-Simulation & Analysis

• Electrical DC Analysis 

− Tracks down the voltage distribution along 

the power delivery path

− Finds out if there’s any critical location of 

large amount of current

• Thermal Analysis

− Consider Joule heating on PCB and 

package

− Locates current and temperature hot spots 

to avoid risk of failure

• E/T Co-Simulation

− Ensures the thermal stability of your design

− Increases your PCB reliability

− Enables you to make necessary design 

decisions in time
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Transient E/T Co-Simulation Workflow

Initial Setup

E-Setup

T-Setup

Simulation & 
Results

• Check layer stackup

• Set up plating thickness

• Choose / edit PCB material

• Set up VRMs (sources)

• Set up sinks

• Set up discrete components

• Set up ambient conditions

• Select & set up thermal components

• Define external heat sink (opt.)

• E/T result tables

• E/T 2D/3D distributions

• Generate report
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Setup of VRMs, Sinks and Discrete Components

• Power rail configuration capabilities

− Wizard based setup 

• Used for simple power rail structures

− PowerTree

• Used for complex power supply structures

• Configuration of: 

− Sources (starting point)

− Discrete components

− Sinks (ending point)

• Supports DC-DC LDO configuration

− Current source configuration

• Used for 3 phase MOSFET gate drivers

Sink 

configurationPower tree 

configuration

Discrete 

component 

configuration
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STMicroelectronics STDRIVE Demonstration Board 
for Three-Phase Brushless Motors
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STDRIVE101 Triple Half-Bridge Gate Driver 

Reference design kindly provided by STMicroelectronics

https://www.st.com/en/power-management/stdrive101.html

https://www.st.com/en/power-management/stdrive101.html
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Board Layout

Shunt resistor 

R23, R24 MOSFET Half Bridges 

Q1 and Q4

MOSFET Half Bridges 

Q2 and Q5

MOSFET Half 

Bridges Q3 and Q6

Power supply connector

CON1

Motor phases connector

CON2

Shunt resistor 

R25, R26

U

V

W

+

-

Shunt resistor 

R27, R28
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Simplified PCB Current Loop Model

• Average current loops modeled by 

a supply rail and a ground path loop

− Each half bridge simplified modeled by a 

constant current source placed between output 

power connector and supply power connector

− Power MOSFETs modeled by short circuits

− Shunt resistors modeled by short circuits

− Good fitting with real case average currents

Reference: Cadence/STMicroelectronics Whitepaper

https://www.cadence.com/content/dam/cadence-www/global/en_US/documents/tools/system-analysis/celsius-pcb-with-st-wp.pdf
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Development Stages

• Initial Layout

− Not fully placed

− Rough thermal analysis 

of top layer only

• Final Layout

− Optimized layout without 

bottlenecks

− Increased copper 

thickness

− Well balanced output 

voltages

• Interims2 Layout

− Analyzing and optimizing 

current paths

− Modify layout to improve 

heat transmission from 

top to bottom board 

surface
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Final Layout – Layout Plots 

01 – Top layer

02 – 2In

03 – 3In

04 – Bottom layer

Out U

Out V

Out W

VM
Main supply

GND
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Junction Temperature & IR-Drop vs. Copper Thickness

Initial Intermediate2 Final Layout

Layer 01 1 oz copper 1 oz copper 2 oz copper

Layer 02 ½ oz copper ½ oz copper 2 oz copper

Layer 03 ½ oz copper ½ oz copper 2 oz copper

Layer 04 1 oz copper 1 oz copper 2 oz copper
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Junction Temperature [°C]

Initial Intermediate2 Final Layout
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Intermediate2 Final Layout
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D
E

M
O

Celsius Thermal Solver – Initial Setup

• Load layout file

• Check layer stackup

• Check padstack

• Check PCB material configuration

Initial 
Setup

E-Setup T-Setup
Simulation
& Results

Layer stackup editor

Padstack stackup editor Material database
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E
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Celsius Thermal Solver – E-Setup 

• Set up VRMs

• Set up Sinks

• Set up Discrete 

components

• Set up V/I Probes

Initial 
Setup

E-Setup T-Setup
Simulation
& Results

Discrete components Voltage probes

Sinks

Voltage Regulator Modules VRMs
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D
E
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Celsius Thermal Solver – T-Setup (I) 

• Set up ambient temperature &

ambient conditions 

(i.e. heat transfer coefficient HTC)

• Select thermal components

Initial 
Setup

E-Setup T-Setup
Simulation
& Results

Ambient conditions

Thermal component selection
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E
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Celsius Thermal Solver – T-Setup (II)

• Set up thermal 

components

Initial 
Setup

E-Setup T-Setup
Simulation
& Results

Set up PCB components table

Transient thermal dissipation function definitionThermal component material selection
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Celsius Thermal Solver – Constraints-Setup

• Set up E-Constraints

− max. IR-drop

− max via current

− max. current density

• Set up T-Constraints

− max. plane temperature

Max. plane temperature

Max. via current
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Celsius Thermal Solver – E-Simulation & Results 

• View electrical result tables 

and current / voltage distributions

• Simulation time  

− single static analysis: 30 sec.

− complete transient: 16 min.

Initial 
Setup

E-Setup T-Setup
Simulation
& Results

Voltage probes results table

2D current density distribution, top layer 2D IR-drop distribution, all layers

U

V

W

+

-

U

V

W

+

-

0 Current Density (A/mm2) 63,1 -43,5 mV 0 mV

+

-

U

V

W
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Celsius Thermal Solver – T-Simulation & Results

• View thermal steady state 

result tables and distributions

Initial 
Setup

E-Setup T-Setup
Simulation
& Results

3D thermal distribution

Component temperature results table

2D steady state temperature distribution

58.1 °C 93.6 °C
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Celsius Thermal Solver – Transient T-Simulation & Results

• View thermal transient result curves  

and transient thermal distribution

Initial 
Setup

E-Setup T-Setup
Simulation
& Results

2D transient thermal distribution Transient temperature warmup curve

Q1 ~ Q6

R23 ~ R28

58.1 °C 93.6 °C
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Exploring Different What-if Configurations (I)

Choose high thermal glass composite PCB laminate

Junction 

Conductivity 

1.5 W/m · K

Junction 

Conductivity 

1.1 W/m · K

Junction 

Conductivity 

0.4 W/m · K

Q1 91.5 91.8 92.6

Q2 90.5 90.8 91.5

Q3 87.8 88.1 88.7

Q4 91.5 91.8 92.5

Q5 91.0 91.3 92.1

Q6 89.4 89.7 90.4

Source: Panasonic

Conductivity  

1.5 W/m · K

Conductivity  

0.4 W/m · K

Junction Temperature (°C)

Item Unit ECOOL

R-1586(H)

ECOOL

R-1787

Conventional 

FR-4, R-1705

UL / ANSI grade - CEM-3 CEM-3 FR-4.0

Glass transition temp. (Tg) °C 148 148 140

Thermal conductivity @ 85°C W/m · K 1.5 1.1 0.4

Thermal resistance °C / W 5.0 6.7 17.5

https://industrial.panasonic.com/ww/products/pt/ecool


37FlowCAD Confidential  │

FlowCAD

Exploring Different What-if Configurations (II)

Define individual heat sinks to components 3D thermal distribution with heat sinks
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Exploring Different What-if Configurations (III)

3D thermal distribution without heatsinks 3D thermal distribution with heat sink plate

Max. temperature: 

95.3 °C

Max. temperature: 

58.1 °C
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Summary & Key Takeaways

• With the Celsius Thermal Solver, you can easily simulate the 

thermal behavior of your design

− Complete solution with detailed modeling of the PCB

− Find temperature hot spots in your design

− Eliminate high voltage drops and current bottlenecks

• E/T co-simulation helps to make any necessary changes during 

design development

• Simulation “only” costs time; no costs for prototypes

• Experiment! Nothing breaks! ☺

• Deliver a first-time-right solution 

for the given challenge 

FlowCAD.com/Thermal

https://www.flowcad.com/en/thermal-promo.htm
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Please do not hesitate to contact us.

Für weitere Fragen und Informationen stehen wir gerne zur Verfügung.

FlowCAD Deutschland

Mozartstr. 2

85622 Feldkirchen bei München

T +49 89 45637-770

info@FlowCAD.de

FlowCAD Schweiz

Hintermättlistr. 1

5506 Mägenwil

T +41 56 485 91 91

info@FlowCAD.ch

FlowCAD Polska

ul. Sąsiedzka 2A

80-298 Gdańsk

T +48 58 727 90 90

info@FlowCAD.pl

Contact us / Kontakt zu FlowCAD 
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Follow Us

Don’t forget to subscribe, share and like! 

» FlowCAD.com » youtube.com/

FlowCAD

» FlowCAD.com/

newsletter

» linkedin.com/

FlowCAD

» facebook.com/

FlowCAD

» twitter.com/

FlowCAD

» instagram.com/

FlowCAD

» xing.com/

FlowCAD

http://www.twitter.com/FlowCAD
http://www.youtube.com/FlowCAD
http://www.facebook.com/FlowCAD
https://www.xing.com/companies/flowcadeda-softwarevertriebsgmbh
https://www.flowcad.com/
https://news.flowcad.ch/?p=subscribe&id=3
https://www.linkedin.com/company/flowcad/
https://www.instagram.com/flowcad.eda/
https://www.flowcad.com/de/index.htm
http://www.youtube.com/FlowCAD
http://www.youtube.com/FlowCAD
https://news.flowcad.ch/?p=subscribe&id=3
https://news.flowcad.ch/?p=subscribe&id=3
https://www.linkedin.com/company/flowcad/
https://www.linkedin.com/company/flowcad/
http://www.facebook.com/FlowCAD
http://www.facebook.com/FlowCAD
http://www.twitter.com/FlowCAD
http://www.twitter.com/FlowCAD
https://www.instagram.com/flowcad.eda/
https://www.instagram.com/flowcad.eda/
https://www.xing.com/companies/flowcadeda-softwarevertriebsgmbh
https://www.xing.com/companies/flowcadeda-softwarevertriebsgmbh
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