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Thermally aware
high-power inverter board
for battery-powered applications

Enrico POLI




We are creators and makers of technology
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ST addresses the industrial market
with application driven, high added-value ASSPs & ASICs

Motor control leadership areas

Best-in-class motor driving,
high efficiency and
robustness

STDRIVE
Gate Drivers

6 kV galvanic isolated
drivers optimized for SiC,
GaN & IGBT

Sl Safety &
Galvanic Driver High voltage

STSPIN
Motor Drivers

High system integration,

Digital motion Flexibility, performance
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High power at low voltage

Best efficiency and reliability

Compact form factor

Introduction

Challenging PCB design

ET co-simulation

Prototype
manufacturing

=
Y

Performance gap requires a re-design i

Critical step




EVALSTDRIVE101

« STDRIVE101 gate driver and STL110N10F7 MOSFETs

* 15 A, output current (20 A, with heatsink) at 75V

* Three or single shunt current sensing topology

» Sensor and sensor less algorithms

* Bus voltage and temperature monitoring

» Overcurrent / short circuit protection

* Free software libraries for Field-Oriented Control and 6STEP

life.augmented



Top layer

@ o

AN

K‘..

9cm

11.4 cm
&» STDRIVE101 @» Shunt resistors
@&» STL110N10F7 Ceramic capacitors
& 50 cm? power stage & Flectrolytic capacitors

Lys
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Layout improvements

Better heat spreading
Max dissipation area
Dual side cooling

Reduced current density
Small loops placement
Fast switching
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Losses composition

PCB traces

MOSFTETs:

- Conduction

- Switching

- Body diode

Shunt resistors
@ Others

— By Celsius™ from layout data

T - IRey- Vo

1

Estimate of power losses

Sinusoidal T @

driving
Balanced
By formulae losses
with datasheet parameters
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Celsius simulation

Electrical analysis @ 15 Arms

Current loops Current density Top layer  Voltage drops Inner layer 1
average model :
VM Supply path f_f’"‘" i1t ﬂ:::‘.-::'.-:'
max ]
Output HHH ’
connector _ H
— hinZ i | gl
Out path F . @..'
—|E IL/V2 b
-
Shorts - & i
+ connector s e
p S » - G
<> D
Ground path PR
GND T e RN
GO EneE S
e e !
Only effects on traces -
0 A/mm? 63.1 AAmm? -43.5mV 0mVv

‘Yl Current density below 25 A/mm2 No bottleneck and balanced outputs
life.cugmented Hotspots not of concern




Celsius simulation

Thermal analysis @ 15 Arms

Settings Transient temperatures

[°C]
« 28 °C ambient temperature * 2-R model for MOSFETs
* Fixed heat transfer coefficients « Step functions for sources

90

80

Top layer

A 93.6 °C 70
60

50

Steady state temperatures

Q1

40

R24

0 200 400 600 800 1000 1200 1400

[s]

Hottest U half bridge
MOSFETs at 95 °C and shunts at 86 °C

13 minutes warm up
5 °C delta - top vs bottom

58.1 °C Very good design margin

life.augmented




Bench validation

Setup description

Configurable sinusoidal currents

Thermal imaging camera T
V-ldrops : 10 ms > 100 Hz : Yy | %
A i / N
I= 4 o Ny i i / ]
Plexiglass box ‘\"r(ZTffL)Z + R? : | 'II E )
g \\ 104 I _I.-- ) : : ||
\ P /
_— \ 1 b /
ARV & — e/
vV wa \
EVALSTDRIVE101 2nfLl
IW
Rl( 204
Three-phase load
VM 40A
-10 ms -2 ms £ ms -4 ms -2 ms oths 2ma ams

—I=

10.0 Aldiv 10.0 Addiy
0l o ffset 0 mi offee

} R\’ nr
Equivalent —5 —I= | | Povw.fer stqge as in application
to motor | Easier to implement
i i ¢ Fast tuning 10

GND



Power losses measurement

@

Correlate estimated data
with real losses

By oscilloscope

o

3
Pioss = Pin = Poue = Vin *lin — ) (V= V) -1
i=1
[W] @ Tamn W] | @ Thot [W]
P - 27.51 28.39
Pout - 5.6 | ©\ 5.7
Pout - 6.5 6.6
PY, - 6.1 6.2
Pross 9.5 9.36 9.89

Spread hot vs ambient
Slight load unbalancing

life.augmented

—

Estimate in line with measures

U half-bridge losses

Bench validation

Ch3
current
probe

ﬁ

1.00 KW/div}

10.0 Vidiv 10.0 Vi diy

V] 10.0 Aldiv|
0 mé offset

-6.000 V 46.000 V 20.0 ms/divj

Averaging window

Ch2
40 A
Ch3 phase cuuent
204 F!\l A
RARARARARA AR AR AR ARARARARA
\ VAsvAdY Vakvidvadvhdvidy:
V VY, V v Y, vV oV Voo
3 = (Ch1-Ch2)*Ch3 X
n -100ms -B0 lil'I‘S -80 ms -40 ms -20 ms 0ds 20 ms 40ms 60 ms :
lMeiasure : P1.rmsiC3) P2:rms(C4) P3:rms(F& P4:okok(C3| P3:okok(C4) P6&:okok(F& PT r"lk
I I

2.5 M5 125MSis

20.0 ms/dw

Ch2
voltage
prabe

100 ms

PE.me aan-ﬂ
56W

5546439 1

3‘]'-

‘-iup 100 mA

Edge

Positive




Thermal characterization

Bench validation

@) Correlate simulations
with real heating

Half-bridge U components warm up

100

90

80

R 2 i A N S S S S S —— 2
0 R24
T 60
[l‘C]SD 200 400 600 800 1000 1200 1400 [s]
20 T RQ; Simulated transient temperatures
| Ambient
30 | >
20
0 200 400 600 800 1000 1200 1400
Time [s]
Simulation [°C] | Measure [°C]
HS MOSEET Q1 95.1 93.8 Confirmed hottest half bridge

"l LS MOSEFT Q4 94.9 91.7

life.augmented Shunt resistor R23 86.3 826

Same transient
Very good temperatures matching

12




EVALSTDRIVE101 optimized by Celsius™

.} = .

\

High power & low voltage BLDC motors
Battery-powered applications

hA = B

7« Fine tuned layout

« Detailed voltage drops and current density
» Foreseen temperature profile and hotspots
 Certified performance by thermal imaging

Find more on:

Conclusions

B life.augmented
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Our technology
starts with You

i 1)

Find out more at www.st.com

© STMicroelectronics - All rights reserved.

ST logo is a trademark or a registered trademark of STMicroelectronics International NV or its affiliates in the EU and/or other countries. ‘
For additional information about ST trademarks, please refer to www.st.com/trademarks.
All other product or service names are the property of their respective owners.
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EMA ‘ Rﬁﬂ)grrrllatinn"" FlowCAD

Designing for High Current / High Power PCB Applications

Dirk Linnenbrtgger / Jerry Long
Webinar

FlowCAD Confidential | 15




FlowCAD

Products / Solutions for Electronic Designers

Solutions

PCB Layout
PSpice-Simulation

Sl- and PI-Simulation

EMI and Antenna Simulation
Timing Analysis

Thermal Simulation

3D mCAD-eCAD Integration
CAM Verification inspectAR
Boundary Scan Test
Protocol Analysis i Deciner
Electronic Data Management

PLM and ERP-Connection

16




FlowCAD

Focus on Customer Satisfaction

Sales
« Fair, competent advice
* Long term solutions

Support Sales

* Hotline, Fastviewer
e Survey

Service

 PCB Design Services
(Layout, Simulation, Migration)

Customer

Satisfaction

SerVi Ces
#oddnS

Training
« Trainings center, on-site

» Workshops TraininG

EMA 2ination  FlowCAD Confidential | 17




FlowCAD

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 o i dni i '
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

cadence

ore

EMA 25%hationr  FlowCAD Confidential | 18




FlowCAD

Transient E/T Co-Simulation Workflow

Check layer stackup

Initial Setup Set up plating thickness
Choose / edit PCB material

Signals2INM (007 |copper

| B B DEE
il

S

7

g

Set up VRMs (sources) R & =

E_Setup Set up sinks i
.-

|

Set up discrete components

Set up ambient conditions
T-Setup Select & set up thermal components
Define external heat sink (opt.)

Simulation & E/T result tables
E/T 2D/3D distributions

Results Generate report

EMA R:ifnaior  FIowCAD Confidential | 19




FlowCAD

Setup of VRMSs, Sinks and Discrete Components

« Power rail configuration capabilities

VRM
— Wizard based setup =
* Used for simple power rail structures i Lﬁ“”““umlml‘mf
— PowerTree fpe T J_—]T oo
« Used for complex power supply structures . & j “T"vop_3v3 |
- Configuration of: S nduearLt

- Sources (Starting pOint) U2.17 — Feedback U2.15-VDD_3V3

— Discrete components Input Output
— Sinks (ending point)

» Supports DC-DC LDO configuration
— Current source configuration _
. Discrete
« Used for 3 phase MOSFET gate drivers component

configuration

Power tree /

configuration

Sink /

configuration

EMA 2o FlowCAD Confidential | 20




FlowCAD

STMicroelectronics STDRIVE Demonstration Board
for Three-Phase Brushless Motors

FlowCAD Confidential | 21



FlowCAD

STDRIVE101 Triple Half-Bridge Gate Driver



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

FlowCAD

Board Layout

Shunt resistor — -
R23, R24 bl bl bl

2 El

afaja

Shunt resistor

R25, R26

Shunt resistor

A 4

R27, R28

33333929

A 4

MOSFET Half Bridges
Ql and Q4

Motor phases connector
CONZ2

MOSFET Half Bridges
Q2 and Q5

MOSFET Half
Bridges Q3 and Q6

Power supply connector
CON1

EMA 2o FlowCAD Confidential | 23




FlowCAD

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

VM Supply path
Output
connector
\ Ipms = IL/\/E
T '\ Out — () )—».
path
C
\\ Irms = IL/\/E/
N
Shorts Input
connector
GND Ground path

Reference: Cadence/STMicroelectronics Whitepaper

EMA 2%hationr  FlowCAD Confidential | 24



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

FlowCAD

Development Stages

 Initial Layout * Interims2 Layout « Final Layout
— Not fully placed — Analyzing and optimizing — Optimized layout without
— Rough thermal analysis current paths bottlenecks
of top layer only — Modify layout to improve — Increased copper
heat transmission from thickness
top to bottom board — Well balanced output
surface voltages

EMA 2o FlowCAD Confidential | 25




FlowCAD

-inal Layout — Layout Plots

Out V

01 — Top layer

02 - 2In

EMA 25%hetionr  FlowCAD Confidential | 26




FlowCAD

Junction Temperature & IR-Drop vs. Copper Thickness

Initial Intermediate2 Final Layout
Layer 01 1 oz copper 1 oz copper 2 0z copper
Layer 02 Y% 0z copper Y% 0z copper 2 0z copper
Layer 03 % 0z copper % 0z copper 2 0z copper
Layer 04 1 oz copper 1 oz copper 2 0z copper
Junction Temperature [°C] Voltage IR-Drop [mV]
140.00 60.00
120.00
50.00
100.00
40.00
80.00
30.00
60.00
40.00 20.00
20.00 10.00
0.00 0.00
Q1 Q2 Q3 Q4 Q5 Q6 VProbe OUT_U VProbe_OUT_V VProbe_ OUT_W
m [nitial mIntermediate2 ®mFinal Layout m Intermediate2 ®Final Layout

EMA 2i%nation  FlowCAD Confidential | 27




Celsius Thermal Solver — Initial Setup

« Load layout file
« Check layer stackup

* Check padstack

* Check PCB material config

Pad Stack
PadStacks Xsection View Layer

Defautpadstack D Defaultiblayer Reguiar Circle
Anti
80RD_Mir Thermal

PAD-1P250-5T1 = signaistor Regular
PaD-1p250-5T2 ti
PTHa4 70RD Thermal
Regular
Anti
Thermal
Reguiar Circle
Anti
Thermal
S SignalSEOTTOM  Regular  Circle
Anti

Thermal

Normal Drill
Outer Diameter: [1.1176

smT3s5Q Plating thickn z

SMTS Conductivty

Select material: | <OPRET

urrent default pad stack:
LDefauttPadstack

Inner fill materiat
Set As Default Outer coating thickness
New Delete Outer coating materiak

Giobal Plating Thickness

Padstack stackup editor

Simulation
& Results

Initial
Setup

PadType Shape | Width

1778

@ Rectangle Dl

Unit; mm

uration

Height | OffsefX  Offsctf = Round

® Obiongoril @

cadence

Stack Up  Pad Stack

Layer # Color

Layer lcon | Layer Name

Thickness(mm Material

FlowCAD

2581

‘Conductivity(S/m Fill-in Dielectrid

1 @ | B |[signaistor 0.07 copper FR2
[ |Mediums#t 0.25 FRS B

2z B | & |signaisann 0.07 copper FR&
[ [Mediumsa3 0.8 FR& o

3 E | B |signaisainn 0.07 copper FRA
[ [mediumsas 0.25 FR& o

a B | BT |signaiseotiom [0.07 copper FR4

Layer stackup editor

Dispersive Type: (2) Piecewise Linear @ D

Metal Dielectric Thermal Ferrite

Export to Library “Temperature (€)

Dispersive Type Default

AR Piecewise Linear
copper
FR4 Piecewise Linear

FR4 Piecewise Linear

Infinite

From Library: 1 Export to Design
“Name

FR-4_NO_FLOW.

Structural

“Frequency (MH2)

H
Frequency (GHz)

igrity2021.1\share\ aterialmaterial.cmx

Material database

FRa (Piecewise Lineail]

0.024
0022

002
0,018
0.016

Loss Tangent

LossTangent

[ EE—

2
Frequency (GHz)

FR4 (piecewise Lineall|

EMA 2ot FlowCAD Confidential |
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FlowCAD

Celsius Thermal Solver — E-Setup

+ Setup VRMs

Set up VEMs  Set up Multi-Phase VRMs

VRM Mame Nominal Voltage (V) Output Tolerance (% Sense Voltage (V)

Mot In Use 36

« Set up Sinks

« Set up Discrete
CO m po n e n tS Tolerance Unit 3 ¥ M instance Based Current Mapping Files for Sinks

Sink Name Model Mominal Voltage (V Power/Ground Net Upper Tolerance(+%) Lower Tolerance(-3%) P/F Mode ‘Current (A)
Equal Current QUT_W_VM Mot In Use orst 10.6
i OuUT_W. Not In Use 2 / 10.6
° Set up V/I PrObeS ¢ our Not In Use ; 106

ouT_! Not In Use 2 A 10.6
OUT_U_VI Not In Use A 106
Equal Current ouT_u Not In Use 2 A 10.6

Voltage Drop Ana etup -= Set up Discretes
* Discrete Name Resistance (Ohm) Max Current (A)
le-6
le-6
le-6
le-6
le-6

1e-6 Voltage Drop Analysis Setup Set up W/ Probes

Probe Mame Model Nominal Voltage (V)
Probe_OUT_U Voltage
VProbe_OUT_VW Voltage

obe_ OUT_! Voltage

Discrete components Voltage probes

Simulation
& Results

Initial
Setup

EMA 2o FlowCAD Confidential | 29




FlowCAD

Celsius Thermal Solver — T-Setup (1)

« Set up ambient temperature &
ambient conditions
(i.e. heat transfer coefficient HTC)

« Select thermal components

Ambient conditions

Component Manager

Model Name Thermal Compon Tags CktType Catalog | Outline

":i'ii‘ STDRIVE101_QFMNO50P-400X400X100-_STDRV101 IC driver

ul PCE-comp
"-.T;'Ei‘ STLD130M8F7_POWERFLAT 127P-600X5_STL110N10F7
o}
Q2
Q3
Q4
Q5

mosfet

BERRE O

[<]

Thermal component selection

Initial Simulation Desian
Setup & Results EMA 2o FlowCAD Confidential | 30




FlowCAD

Celsius Thermal Solver — T-Setup (Il)

Component Manager

e Set up thermal
RefDes Model Name Tags X {mm) Rotation Flip Property MaxDl'eTemperat\.Dl'ss\'palic-n

STLD il 7imm 7 2 Mo 4 of Transient Function : pwi_q
CO I I l p O n e n tS )2 STLD130MBF7_P... IC T1imm 50.75 Z Mo 2-Resistor Comp... 95.000000 Transient Function : pwl_q
STLD130 G 25.! No 2-Resistor Comp... 9 Transient Function : pwl_g

STLD130M8I " 71.2 85. 0.000000 Mo 2-Resistor Comp... 95.000000 Transient Function : pwi_g

No stor Comp... 9 Transient Function : pwl_q

0.000000 No 2-Resistor Comp... 95.000000 Transient Function : pwl_q

Mo Material W
No Material 0.281W
Mo Material

Mo Material 0.281W
Mo Material W

0.000000 Mo Material 0.281W

@ Dissipation x
e Property 1 2-Resistor Compact Thermal Model
Material
2-Resistor Compact Thermal Model
2-Resistor Compact Thermal Model Material = Theta-IC-Tap
DELPHI Compact Thermal Model
Sigrity Electrical-Thermal Resistance N
Celsi mplified Model

Fundtion Type Func Name

pwi_g

Theta-JE:

1

B Repeat

import PWL | Export PWL

Time(s) Power(W)

1500

Thermal component material selection Transient thermal dissipation function definition

Simulation
& Results

Initial
Setup

EMA 2o FlowCAD Confidential | 31




FlowCAD

Celsius Thermal Solver — Constraints-Setup

° Set u p E-Constra| ntS Electrical Constraints Setup -= Via Current/Current Density

Constraint Mode  Sink Voltage  Discrete Current  Probe Vaoltage/Current  Via Current/Current Density
— max. IR-drop

0.853311
— MaxX V|a curre nt Constraint on Global Via Current Density (4/mm2}:
. PadStack Mame Maximum Current (4]
— max. current denS|ty

Constraint on Global Via Current [A):

7.59327

VIAT2_32RD

VIAZ0_40RD

« Set up T-Constraints VIAZ0_40RD_Geo,_ Mi
— max. plane temperature Max. via current

Thermal Constraints Setup -> Plane Temperature
Via Temperature Trace Temperature Plane Temperature Wirebond Temperature
Constraint on Global Plane Temperature [C):

Layer Mame Maximum Temperature ()

SignalsTOP

Signal52INK

Signal53INM

SignalSBOTTOM
Max. plane temperature
EMA 2o FlowCAD Confidential | 32



FlowCAD

Celsius Thermal Solver — E-Simulation & Results

Results and Report -> Probes Measurements

* View electrical result tables
. . . VREM Voltage Sink Voltage Discrete Current  Other Component Violtage Power Loss
and Current / VOltage dIStrIbUtlonS Probe Name Model MNominal Voltage (V) Actual Voltage (V)

WProbe_OUT_U Voltage 0 -0.0437187

 Simulation time VProbe_OUT_V Voltage 0 -0.0399944

WProbe_OUT_W Voltage 0 -0.0346542

— single static analysis: 30 sec.
— complete transient: 16 min.

Voltage probes results table

— —T— —
0 Current Density (A/mm?) 63,1

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

Initial Simulation Desian
Setup & Results EMA R:ihaior  FlowCAD Confidential | 33




FlowCAD

Celsius Thermal Solver — T-Simulation & Results

Companent/Package Temperature Results

VI ( EW tI I ( E rl I l aI St( E ad y Stat( E Reference Designatos Dissipation + Power | CascTopDissipation {| CaseSideDissipation (W) | PCBDissipation (W) | Junction (C)

0.000000 0. 0.000000

result tables and distributions , = = =

0.000000

3D thermal distribution 2D steady state temperature distribution

Initial Simulation Desian
Setup & Results EMA 2o FlowCAD Confidential | 34




FlowCAD

Celsius Thermal Solver — Transient T-Simulation & Results

* View thermal transient result curves
and transient thermal distribution

58.1°C 93.6 °C

Transient temperature warmup curve 2D transient thermal distribution

Initial Simulation
Desi . .
EMA 25hation  FlowCAD Confidential | 35




FlowCAD

Exploring Different What-if Configurations (I)

Choose high thermal glass composite PCB laminate

Junction Junction Junction “ i .
Conductivity Conductivity Conductivity T o P i
1.5 W/m - K 1.1 Wim - K 0.4 W/m - K st e
Junction Temperature (°C) it
Q1 91.5 91.8 92.6 EANN
Q2 90.5 90.8 91.5 i
Q3 87.8 88.1 88.7 1 §
Q4 91.5 91.8 92.5
Q5 91.0 91.3 92.1
Q6 89.4 89.7 90.4

Conventional

ECOOL 223" (1% 0d =
FR-4, R-1705 X 3'3,'.','_'I ,E

ECOOL
R-1787

R-1586(H)

Conductivity
1.5W/m - K

UL / ANSI grade CEM-3 CEM-3 FR-4.0
Glass transition temp. (Tg) °C 148 148 140 "‘:‘};f: )
R ‘
Thermal conductivity @ 85°C ~ W/m - K 1.5 1.1 0.4 B O
Thermal resistance °C/W 5.0 6.7 17.5 . W\ Sz nzen Ty T
Conductivity  FEEF TR
Source: Panasonic 0.4 W/m - K R W
EMA 2o FlowCAD Confidential | 36


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

FlowCAD

Exploring Different What-if Configurations (ll)

Define individual heat sinks to components 3D thermal distribution with heat sinks

3D Preview

Material: | aluminum ¥ Thickness:

Length: 6.6200 Width:

Finger
Material: ¥ Height: 5.0000

Length: 1.0000 Width: 1.0000

PitchlL;: | 18730 Pitch(w):  1.3600

Count(ly |4 Count(W): 4

Offset{L): Offset{W):

Adhesive
erial: | HeatSinkAttach

ickness: | 0.5000

Ambient conditions

® irflow: / Calculator
(&) Heat transfer coefficient:

@ Heat sink temperature

Base: C inger: c Update Preview Zoom Fit Reset Rotation

EMA 2:i%hation  FlowCAD Confidential | 37




FlowCAD

Exploring Different What-if Configurations (llI)

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

Max. temperature:
95.3°C

Max. temperature:
58.1°C

EMA 2o FlowCAD Confidential | 38




FlowCAD

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

Vielen Dank!
Thank youl
Merci!

FlowCAD.com/Thermal

EMA 2%t FlowCAD Confidential | 39



https://www.flowcad.com/en/thermal-promo.htm

FlowCAD

Contact us / Kontakt zu FlowCAD

Please do not hesitate to contact us.
Fur weitere Fragen und Informationen stehen wir gerne zur Verfugung.

FlowCAD Deutschland FlowCAD Schweiz FlowCAD Polska
Mozartstr. 2 Hintermattlistr. 1 ul. Sgsiedzka 2A
85622 Feldkirchen bei Mlnchen 5506 Magenwil 80-298 Gdansk

T +49 89 45637-770 T +41 56 485 91 91 T +48 58 727 90 90

info@FlowCAD.de info@FlowCAD.ch info@FlowCAD.pl

FlowCAD Confidential | 40




FlowCAD

Follow Us

3 YouTube

» FlowCAD.com » FlowCAD.com/ » youtube.com/ » linkedin.com/

newsletter FlowCAD FlowCAD

- \ 4 N\ v "
N Q1 )
-
an | XING
> 4 \ / ‘ J
» twitter.com/ » Instagram.com/ » facebook.com/ » Xing.com/
FlowCAD FlowCAD FlowCAD FlowCAD

Don’t forget to subscribe, share and like!

FlowCAD Confidential | 41



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

FlowCAD

Design
Automation’

ENA
FlowCAD

FlowCAD Confidential | 42
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