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Silicon Carbide (SiC)?
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From meteorites to power electronics
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+250 
Polytypes

Higher blocking voltages (>650 V) – Better thermal performance – Occupy less space compared to Si

Source: 1

Source: 2

Source: 3

Source: 4

Tesla Model 3 Inverter with STMicroelectronics 
650V/100A SiC MOSFET

Tesla Model 3 - 2018

Source: 7

Source: 5 Source: 6
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The challenges!
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Bipolar Degradation (BD) in SiC PN devices
Background
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Basal Plane 
Dislocations 

(BPD)
Triangular SF or Bar 

Shaped Stacking Faults 
(BSSF)

Recombination induced stacking faults causing BD during operation

Propagation during processing Expansion during device operation (depends on current density)

-

Performance 
degradation

(VF shift)

Recombination
-

Source: 8 Source: 9 Source: 10

Source: 9
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How to test Bipolar degradation in real 
world?
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High current short pulse (10 ms)
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Pulsed current for high current density and lower Tvj

Device temperature is close to Al melting temperature (660 °C)

50 A
(2550 A/cm2)

Melting of Al top metal

Device destruction in time

Implementing high current density with controlled heating – as per literatures
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The solution? 
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50 A
(2550 A/cm2)

Tvj, max is below maximum device temperature  (175°C) 

Tvj, max is below chip solder melting point (240°C) 

High current density and control on Tvj, max

Replicating surge conditions while controlling device temperatures

130 °C (J = 2295 A/cm2)
@ ton = 1 ms / toff = 100 ms
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How to do this test?
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Test Concept – Bipolar Degradation
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Test Schematic Measurement Strategy

Current 
Source

(Up to 200A)

DUT

Crowbar

Voltage
Measure

Current 
Source

(Up to 200A)

Optimizing power cycling setup for short pulses

Switch A
(1 ms)
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Device Technology Background
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4H-SiC - Wide bandgap (Higher VBR)

Schottky - Low Vth

PiN - Surge current capability

Merged PiN Schottky (MPS)

(650 V / 10 A)

VF > 5 V

Conceptual description of the experimental DUTs
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Things needed for experiment?
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Sample Preparation - 1
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Bare die SiC MPS diode 
(1.4 mm x 1.4 mm) 

Chip placement on Si3N4 AMB 
substrate

Laser cutting of Sn-Ag preforms 
(800 µm x 800 µm )

Soldering and bonding for electrical 
connection

Visual inspection Inspection under Acoustic microscopy

Negligible 
solder voids

Assembly of DUTs for test
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DUT mounting
Assembly of bare dies in testbench
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Bare dies mounted on testbench

Cu

Cu

Si3N4

Chip

375 µm Al-bond wire

Solder layer (~ 70 – 100 µm)

Glycol + Water (50% v/v)
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Experimental Setup – 1 (Schematic)
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D2PAK

Control System
Voltage Measurement

Load Switch (400A)

(Switch A & Crowbar)

Liquid Cooler (Glycol)

Power Supply 
(30V/400A)

Waveform Generator

Oscilloscope

+

-

ton : 1 ms
toff : 100 ms

Setup overview
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Experimental Setup – 2 (Implementation)
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Power Supply

Oscilloscope Waveform Generator

Liquid Cooler

Protection fuse 
and 

power switch

DUT setup

Workstation/PC

Load Switch

Control System
Voltage Measurement

DUT setup

AMB Substrate

Load Current

Direct Cool Mount

Description of the actual testbench
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Running the test!

08.03.2024 © Fraunhofer IISB18



PublicPage

Test Strategy
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• Tvj, max is set to 240 °C to minimize solder degradation  

Variation of current, temperature and die types
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Pre/Post Characterization Results (45A) - 1
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VF Shift BPD = 2.3%
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• Tested at room temperature : (Ta =  23 °C ), Configuration : IFmax = 70 A, tp = 100 µs

I-V Sweep measurement



PublicPage

Post-test failure analysis - 1
Removal of power and Schottky metal
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Pre/Post Characterization Results (45A) - 2
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• Tested at room temperature : (Ta =  23 °C ), Configuration : IFmax = 70 A, tp = 100 µs

GD BPD SF

Under 
Photoluminescence (PL)

I-V Sweep measurement – Forward bias
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Post-test failure analysis - 2
Metal Reconstruction
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• The DUTs were inspected under JEOL-6610 Series Scanning Electron Microscope 

Weak Bond
quick removal

Reference

Post-Stress
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Variation of VF (max) over cycles
Heating VF measurement during test
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• Test Parameters : Load Current = 45 A (Coolant Temperature = 25 °C (Glycol + water), ton = 1 ms and toff = 100 ms

GD BPD SF

Test stopped to prevent solder degradation
(Tvj, max = 240 °C)Bipolar + power metal + bond wire degradation

Degradation of SF > BPD > GD
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How much is the Bipolar vs. Thermal 
degradation?
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Evaluating bipolar and thermal degradation
I-V Sweep with & w/o bond wire – Forward bias
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• Tested at room temperature : @ 22.1°C , Configuration : Imax = 70 A, tp = 100 µs

∆VF (bipolar + power metal degradation) = 1.46%

∆VF (bipolar + power metal + bond wire) = 4.45%

2/3 contribution1/3 contribution

Pre-Stress

Post-Stress

With BW 
(bipolar + power metal degradation + bond wire) 

With Needle
(bipolar + power metal degradation) 
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Summary
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Overall Results after Photoluminescence
Tested samples after metal etch and PL scan
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35A (1785 A/cm2) 45A (2295 A/cm2) 55A (2806 A/cm2)

GD

BPD

SF

E1_06

E3_15

E1_03

E3_10

E2_12

E3_11

E2_11

100 sec

100 sec

100 sec

44 sec

43 sec

32 sec

13 sec

6.5 sec

-4% shift

2.3% shift

0.9% shift

13% shift

7.3% shift

6.7% shift

0.5% shift

5.5% shift

Current
Device Type

100 sec

-3% shift

E1_04

E2_14
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Summary of results and findings
Highlights and lowlights based on test evaluation
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25  °C 85  °C

35A 45A 55A 35A 45A 55A

Bipolar 
degradation

Power metal 
degradation

Bond wire 
degradation

Bipolar 
degradation

Power metal 
degradation

Bond wire 
degradation

Bipolar 
degradation

Power metal 
degradation

Bond wire 
degradation

Bipolar 
degradation

Power metal 
degradation

Bond wire 
degradation

Bipolar 
degradation

Power metal 
degradation

Bond wire 
degradation

Bipolar 
degradation

Power metal 
degradation

Bond wire 
degradation

Sample size : 38  Sample size : 9 

Does not depend 
on temperature

• 3 devices were test devices out of 50
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Inferences and future scope 
Key pointers
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Shorter tp <= 1 ms is essential 
to minimize thermal 

degradation

BD occurred at > 3.5 times 
Jnominal or >35 A, regardless of 

temperature

Precise
Characterization without

relying on the degraded bond 
wire interconnect

Etching of the samples to 
investigate nucleation source

Measure power metal 
degradation using four-point 
measurement pre/post stress 
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