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Power electronics in automotive - \ O
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Traction inverter
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Inverter, how is it made?
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Switch, how is it made? |y
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Mosfet Characteristics |y \ O
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Characteristics of MOSFET
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Why so important?
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An Industry-Based Survey of Reliability in Power
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How switches breaks?

New power Semiconductors (SiC, GaN)

Power Cycling Testing for Power Semiconductor - Device related: treshold votago hit (60), dynamio ON- [ e

ta GaN).
resistance (Gah) failure mechanisms are underexplored.

Switches: Methods, Standards, Limitations, = PACKIONG: Skt oS dagisiafon® SIC denicet s coninent
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| die Pb solder Cycle
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40k
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 Bond-wire lift-off  Heel cracks ~ Crack prorogates inside

: 100k
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400k
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* New failure mechanism:
cracks of substrate’s Cu metallization
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How we can understand it? - \ 0
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+ Aging indicators!

Characteristics of B, i Rich MBREST
the n-channel MOSFET '

Drain

0

oN i
//////i/////, o \\

+20%->device broken
Vth / Rule of thumb

Difference in potential SGUE
between gate and source at
which the MOSFET turns on:

= threshold (| Vi) O

Drain
Gate voltage Voltage
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How can we estimate remaining useful life?
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 Accelerated lifetime testing!

Time scales:

B

Days, hours

Minutes, seconds

.

e HTS: High Temperature
Storage

e LTS: Low Temperature
Storage

» TCT: Thermal Cycling
Test

* TST: Thermal Shock Test

« PCT: Power Cycling Test

Test DUT of withstanding
high or low temperature for a
prolonged period

Test DUT of withstanding
mechanical stresses due to
cyclic exposure to thermal
effects

Test DUT with very rapid
temperature changes, mimic
devices’ self heating and
quick temperature changes in
the application.

Test DUT of withstanding
cyclic power dissipation,
mimic real turn on and off

temperature | ltemperature

chamber chamber

High temperature
chamber

%
ouT_
I
Low temperature
chamber

Temperature distribution is homogenous for the DUT and controlled by the environment

Localized thermal gradient

Passive test, DUT is not operating
(Test methods are independent of device types)

Active test, DUT is operating
(Test methods must be
adapted to different devices)

Accelerated cycle

WLTP Cycle (Resampled to 0.01s)

14000 +
12000 4
10000 +

8000 +

RPM

6000 +
4000 4

2000

Normal cycle

(WLTP)
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Example of accelerated testing results C \ 0
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Absolute Rpsion) Degradation Curves
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Lifetime estimation from ALTs
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a b
¢ )E; ) 1968 Coffin-Manson model ®) — Chip | Bond wire | Die attach
£8D N, =A-AT™ l@] si Cu Ag sinter
%g‘—; i ol m | Si Al Ag sinter
23 ; 1969 Norris-Landzberg model 107 FralrTreeTTT Si Al Solder
" @ .. SO .
£ E N, = A-AT" exp[ Z ]-f“' = - i SCkes
gEE - ke Tin ks :
£ Y 1007 WM LESIT model 3
° . E, 5 10°
4 £ N, =A-AT;" exp = e
% . = ke Tim [ SO W " S Sl Sl
g2 8 £
1B E B P08 | I O ey, P W
N g % 2008 Cl mode 3
gg § N, =A-AT;" exp R TN TRV 4
®o8 ' i T +273) 107+
E“’ 2013 Semikron model b
2021 E Ctt? .
v N, - A-AT exp[ , ] Ha gphiin g 50 100 150
Ky Ty ) C+2 Temperature swing A Tj (K)
(c)
Generic lifetime model A n B B2 Packaging materials
1.88x10"° 6.88 4641 -0.32 Cu bond wire + Ag sintered die attach
A, 1.14x10° 3.12 2402 -0.39 Al bond wire + Ag sintered die attach
N, = A-AT;" exp t - - -
Timax + 273 9.01x10 4,31 1191 -0.16 Al bond wire + soft soldering
1.86x10° 342 2993 -0.54 | SiC MOSFET: Al bond wire + soft soldering
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Lifetime estimation from mission profile
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Not enough datal!

« Time consuming
+ Cost
* Hw is difficult to predict

Solution: Syntheticdatal —
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Let’s produce syntetic data \ 0
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6000 RPM | 176 kW | 280 Nm

Vdc Vil
900 1000

Environments:

850 500

800 0

1. Inverter Simulation (INV+CTRL+MOT) —~
2. Vehicle Simulation (driver+MOT)
3. Generative Simulation (Device)

0 2 4 6 0
%107

Mos temperature Torque
~

124 i 285,

/ : 280)
//\ /r/\\
VAN 275

Component Selsction | Setup | Dataand Calibration | Scenario and Test | Logging

~ Passenger Vehicle

Body and Frame Body and Frame: [ Venicie Body 3DOF Longtudinal
~ Tire and Wheel System @
~ Front Tire and Wheel

Front Tire Data

~ Rear Tire and Wheel
Rear Tire Data

%107 %10°
~ Brake System
Front Brake Type Q
Rear Brake Type
Brake Control Unit

14 270
0

1 Msong Symbol | Parameter Name
~ Povertrain Ps el © Mgy | PntVehMass
~ Pover Genergtion Deyee | PINtVEhDSICGFmiAXI
Vehicle Control Unit (5 PrveDetcGReaAd |
DC-DC Converter | Dower | PintVERDStCGRearAd | WLTP Cycle (Resampled to 0.01s)
Energy Storage [~ Do DCMM—J heusse | PIntVehCGHGIAX 14000
~ Electric Motors 12000
Electric Machine 1 Parameters 10000
Electric Machine 2 . = 8000
~ Thermal System > H
Thermal Contral Unit Parameter Name Description Units Value 6000
~ Drivetrain 1| PintvehMass Vehicle sprung mass with body fully equipped kg 1623 < 4000
~ Transmission 2 | PintvenDstcaFmtAx Longitudinal distance from sprung mass CM to front axle |m 109 2000
Transmission Control Unit 3| PintVehDsiCGRearAxI Longitudinal distance from sprung mass CMto rear axle |m 17 0
~ Final Drive 4 [PIntvenCGHgtAxI Vertical distance from axle plane to sprung mass CM m 03 0 250 500 750 1000 1250 1500 1750
Front Differential System 5 |PintVehPitchMomentinertia | Moment of inertia about the pitch axis kg'm'2 19227
i Raat Difiralal System 14 6 Frontal area of vehicle o) 227
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1. Inverter Simulation - \ 0
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Automotive-grade ACEPACK DRIVE power module, sixpack topology
1200 V, 1.9 mQ typ. SiC MOSFET gen.3 based T HPE PMSM motor

ﬁ Twinding.s

K fluid,inv. fluid,mot.
ACEPACK DRIVE

inverter-motor system
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2. Vehicle Simulation (driver+MOT)

Simulink Vehicle composer
« EV+WLTP drivecycle -> straight forward!

Component Selection

~ Passenger Vehicle
Body and Frame
~ Tire and Wheel System
~ Front Tire and Wheel
Front Tire Data
~ Rear Tire and Wheel
Rear Tirs Data
~ Brake System
Front Brake Type
Rear Brake Type

Setup

Data and Calibration

Scenario and Test

Logging

Body and Frame: [ Vehicle Body 3D0F Longitudinal

G

X

Brake Control Unit 1 -’:'S;ruﬂq | Symbol | Parameter Name
- Pmﬂ,:m‘am ® [ Py Mprung | PINtVehMass
~ Power Generation Derre | PINIVENDSICGFmiAXI
Venicle Control Uni Do | PINtVEhDStCGRearAx!
DC-DC Converter b L
gy Storege b Dergmr Dcmm"l hentspe | PINVEhCGHgtAX
~ Electic Motors
Electric Machine 1 Parameters
Electric Machine 2
~ Thermal System
Thermal Control Unit Parameter Name Description Units Value
+ Driveirain 1 |Pintveniass Vehicle sprung mass with body fully equipped kg 1623
~ Transmission 2 [PinvenpsiceFmiAd Longitudinal distance from sprung mass CM o frontaxie |m 108
Transmission Control Unit 3 |PintvenDstCERearAx Longitudinal distance from sprung mass CM to fear axle |m 17
~ Final Drive 4 |PIntVehCGHgtAxI Vertical distance from axle plane to sprung mass CM m 03
Front Differential System 5 |PinvenPitcnMomentinertia_|Moment of inertia about the piich axis kg2 19227
Rear Difierential System 5 |Phn Frontal area of vehicle m2 227 .

RPM

WLTP Cycle (Resampled to 0.01s)
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3. Generate Rdson |y
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Load Dt(RPM,Trqg) map -> each RPM and torque point has a mosfet temperature
Load RPM-Trqg from vehicle simulation

Calculate Dt(t) for the whole drive cycle

Calculate Lifetime of the device using stress calculation

Extend lifetime results using Monte Carlo

o G s 0N e

Resample and output data for next step, Al prediction
v

Device 2: Degradation vs Remaining Useful Life 166

0.00230 4

s
]

0.00225

o
o
I

Remaining Useful Life (Cycles)

0.00220 4

T
o
o

e
kS

0.00200

T
o
o

0.00195 4

T
o
o
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Operation Time (WLTP Cycles) 1le6



Your turn!
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+ Clone the repository from:

https://github.com/mrjacopong/ICTP_SyntheticRdson_lect

« Read README.MD for instructions

« Have fun generating Rdson and creating your RUL predictor!

PFE\jferretti Updated structure, readme.MD, added slided and fixed requirements.txt

Presentation Updsted structure, readme.MD,
SRC Updated structure, readme.MD,
O gitignore Updated structure, readme.MD,

[ READMEmd Updated structure, readme.MD,

™ requirements.txt Updated structure, readme.MD,

[ README

ICTP Synthetic Rds(on) Lecture

Hands-on material for the ICTP lecture in Trieste (March 23, 2026).

What You Will Find

» Lecture slides for the theory and methodology.
* Python and MATLAB workflows to generate synthetic Rds(on) data.
» A challenge notebook to train a model for RUL prediction.
* Pre-made WLTP example data from Simulink simulation
o Credits Mathworks - Virtual Vehicle Composer

bSffeed - yesterday

added slided and fixed requi...

added slided and fixed requi...

added slided and fixed requi...

added slided and fixed requi...

added slided and fixed requi...

® 4 Commits

yesterday

yesterday

yesterday

yesterday

yesterday

Ve

This repository explains how to generate synthetic MOSFET Rds(on) degradation data from simulations and datasheet-
driven assumptions, then use that data for Al-based Remaining Useful Life (RUL) prediction.

Repo for the lecture
0 Readme

A~ Activity
¥¢ Ostars
® 0watching
% 0forks

Releases
Mo releases published
Create a new release

Packages

No packages published
Publish your first package

Contributors 1

‘@ mijacopong Jacopo Ferret

Languages

® Jupyter Notebook 99.2%
& MATLAB 0.8%

Any questions ?
Reach out to:
Jferretti@hpe.eu
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https://github.com/mrjacopong/ICTP_SyntheticRdson_lect

