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From meteorites to power electronics

SCTW100N65G2AG

Lyg......

Datasheet

+250
Polytypes

3C-SIC

Automotive-grade silicon carbide Power MOSFET 650 V, 20 mQ typ., 100 A
in an HiP247 package

Source: 6

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

Source: 1 b
M Si SiC GaN
3.5 34
— 3.2 o
—
3 25
e 22
i i
, AL
)
03/ ‘ \ﬂv
.
- Source: 7
Thermal Critical Bandgap Electron Electron
conductivity breakdcwgﬁ (ev) mobility saturation
(Wattsfcm?K) voltage (1 (cm?/kv-sec) velocity
viem) o Tesla Model 3 - 2018

Source: 4

Higher blocking voltages (>650 V) - Better thermal performance - Occupy less space compared to Si
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Bipolar Degradation (BD) in SiC PN devices

Background
I
Recombination induced stacking faults causing BD during operation 007
- . Performance
Threading screw dislocation E de9radation
/ g < 300; (Ve shift)
Z I
g
& 200
E
Basal Plane é
Dislocations 100
(BPD)
Triangular SF or Bar
VR Shaped Stacking Faults 0
o ! O Threading edge (BSSF) L L L L L L L -
. . — e dislocation - 3 1 2 3 4
1mm — g2=1128 source: 8 Source: 9 Source: 10
Voltage [V]
TED Si-rtl;prle C -Ig[qri: Si-c_mie
artia artia iy
O ]'J+ anode o OIQO O P \\ P "l pa ll\:’:l
/7 AN S .
V/ ~ N < ISSE__
n- drift layer e TED
y I/ “‘/‘\"'"O"‘*
buffer layer i ecombination - /
(short lifetime) e VF/ BPD BPD
— n* subfe= =
+ sub BPD
1 SUDSITA Source: 9 Propagation during processing Expansion during device operation (depends on current density)
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High current short pulse (10 ms)
Implementing high current density with controlled heating — as per literatures

Pulsed current for high current density and lower T,;

55 650
50 | —E1_01_Current (A) 1 600
——E1_01_Tvj -
as | _01_Tvijmax ) — 550 50 A
520 °C (J = 2295 A/cm?2)" ‘4 500
L (2550 A/cm?)
- 40 @t,, = 10 ms / t,s = 500 ms {as0 _
- 337 { 400 9
'E 30 {4 350
0 :
:__:- 25 1300 €
{250 % ;
O 2 | - Melting of Al top metal
{ 200 g :
15 {
Ny Ao Ao 4 150
101 1 100
5 N
rr , 50
0 1 1 1 0
0 500 1000 1500 2000

Number of Cycles

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

Device destruction in time

| —
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Power Cycling millisecond (PC
Replicating surge conditions while controlling device temperatures

Current (A)

Page 9

55
50
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40 }
35
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20 |
15

10

msec

of 1 ms)

High current density and control on T,; ax

—E3_02_Current(A)
—E3_02_Tvjmax

240
1 220
4 200

130 °C (J = 2295 A/cm?)
@t,,=1ms/t,y;= 100 ms

1 180
1 160
1 140

PR 120

1 100
1 80
1 60
1 40
1 20

500 1000

1500 2000 2500

Number of Cycles

0
3000

T,j, max IS below maximum device temperature (175°C)

T,j, max IS below chip solder melting point (240°C)
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Test Concept - Bipolar Degradation
Optimizing power cycling setup for short pulses

1
1
|
— | Heating Heating
: 1ms 1ms
! Pt , Pl ,
1
1
— i
| Cooling
1 100 ms
: vTrigger PRtk S .
! [f"/:. Impact of DUT on I, a4 ,f/"
1 | |
| |
' | |
: Iioad ! — ' Mt
! «V Vi "\ Device Cooling time (~10 ms)
. 1 /'T F (max) / /_
Switch A Crowbar ! [ | |
(1 ms) ! v \\Flt & extrapolation /
Current 1 OF e vl —
Source ‘ ‘ : Measurement 1 (25-75 us) Measurement 2 (100 ms)
(Up to 2004) 1 (Ve ot => Tyj max) (Vecod => Tyj min)
1 H
: 0.880
| 0.870 !
Voltage :
Measure ! ~ 0.860 1 Ttogy
! 2 0.850 < \697'50> v
1 S I
| > @ 6382
: 0.840 | <0
|
: 0.830
1 Ty;, max (hot)
| 0.820 s L
1 25 30 35 40 45 50 55 60 65
1 T (°C)
1
- 1
Test Schematic Measurement Strategy
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Device Technology Background
Conceptual description of the experimental DUTs

4H_S|C - Wlde bandgap (ngher VBR) ........................... >

Merged PiN Schottky (MPS)

(650 V /10 A)

| A £

 J

Off-Region
5T 0-80my —D5_08_0h_1000us_25degC
0
_5 1 1 1 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7

Ve (V)
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Sample Preparation - 1
Assembly of DUTs for test

Chip placement on Si;N, AMB Laser cutting of Sn-Ag preforms
substrate (800 um x 800 um )

Negligible
solder v0|ds .

Soldering and bonding for electrical Visual inspection Inspection under Acoustic microscopy
connection
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DUT mounting
Assembly of bare dies in testbench

375 pm Al-bond wire

Solder layer (~ 70 - 100 um)

Chip L

Bare dies mounted on testbench
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Experimental Setup - 1 (Schematic)

Setup overview

|
Waveform Generator
Load Switch (400a) -
(Switch A & Crowbar) Oscilloscope
Liquid Cooler (Glycol)
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Experimental Setup - 2 (Implementation)
Description of the actual testbench

—
Protection fuse
and
power switch
Power supply .......... >
Direct Cool Mount
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Test Strategy

Variation of current, temperature and die types

Pulsed heating current (1 ms)

35 A (1785 A/cm?) (Unipolar Regime)

45 A (2295 A/cm?) (Mixed Regime)

55 A (2806 A/cm?) (Bipolar Regime)

GD/BPD/SF

GD/BPD/SF

GD/BPD/SF

* Ty, max IS set to 240 °C to minimize solder degradation
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GD/BPD/SF

GD/BPD/SF

Ir (A)

Public

r (2
r Very likely -> Bipolar degradation
L Mixed regime
L ime | Likely -> Bipolar degradation
¥ ve9!
L unie°
RffiRecion Unlikely -> Bipolar degradation I
0 - 800 mV ——D5_08_0h_1000us_25degC
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7
Ve (V)
L Expectation : Bipolar degradation at 35 A @ 90 °C
R m I Likely -> Bipolar degradation l
L [ e et < Mixed regime
Off-Region Unlikely -> Bipolar degradation | ——D5_08_0h_1000us_25degC
0 - 800 mV
g N | D5_08_0h_1000us_90degC

6 6.5 7

(%]
()]
()]

15 2 25 3 35 4 45
Ve (V)

CIPS 2024 = Fraunhofer

1ISB



Pre/Post Characterization Results (45A) - 1
-V Sweep measurement

Iz (A)

+ Tested at room temperature : (T, = 23 °C ), Configuration : IF,, = 70 A, t,= 100 us
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Post-test failure analysis - 1
Removal of power and Schottky metal

|
(37%
(10 mins)
~  Partly-etched portions by HF
o b i s s
= The DUT was measured with VHX 7000 digital microscope with 100x magnification
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Pre/Post Characterization Results (45A) - 2

-V Sweep measurement — Forward bias

Iz (A)
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Photoluminescence (PL)
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» Tested at room temperature : (T, = 23 °C ), Configuration : IF,, = 70 A, t,= 100 us
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Post-test failure analysis - 2
Metal Reconstruction

Page 23

Reference

15kV WD20mm

Post-Stress

Weak Bond
quick removal

—_— ]

The DUTs were inspected under JEOL-6610 Series Scanning Electron Microscope
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Variation of V¢ ... over cycles
Heating V; measurement during test

|

6.00

E1_03_GD_100K Degradation of SF > BPD > GD
5.80 —FE2 12 SF 43K
—FE3 10_BPD_44K
5.60
5.40 Bipolar + power metal + bond wire degradation Test stopped(s_o prevsnztjg/gg)r degradation
: V vj, max —

520 | g
o i
> v
T 500 [re—— A

: 480 | /j vF(max) ‘-» " :‘_~\ . - . - e —

>

460 | Ve f =

4.40 |} m

420} I -

4.00 1 1 1 1 1 1 1 1 ] 1 _

0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000
Number of Cycles
Test Parameters : Load Current = 45 A (Coolant Temperature = 25 °C (Glycol + water), t,, = 1 ms and t, = 100 ms
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Evaluating bipolar and thermal degradation
-V Sweep with & w/o bond wire — Forward bias

I
85
——E1_08_0h_100us_BW1
75 L E1_08_0h_100us_Needle Pre-Stress
- - -E1_08_0h_100us_BW2
——E1_08_100K_100us_BW1 |4 e
65 | ceeeen E1_08_100K_100us_Needle Post-Stress s
- - -E1.08_100K_100us_BW2 |} e
55 —_—
AVF (bipolar + power metal degradation) — 1.46% P PR
~ < .-.',..
s 45T AVE (bipolar + power metal + bond wire) = 4.45% o With BW With Needle
l_l:. e | R R » - (bipolar + power metal degradation + bond wire) (bipolar + power metal degradation)
35 - 1/3 contribution 2/3 contribution | .o -
,,,, (Bare die)
...... with 375 pm Al-wire bond
25 | ' \
15
5 -
_5 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7
Vi (V)
Tested at room temperature : @ 22.1°C, Configuration : I,,,= 70 A, t,= 100 s
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Overall Results after Photoluminescence
Tested samples after metal etch and PL scan

Current

Device Type 35A (1785 A/cm?) 45A (2295 A/cm?) 55A (2806 A/cm?)

& .!‘;}a ¢ 5 i s E&
100 sec T B 3 <1y

-4% shift

e e R o
t e l
i b
| B
.~ &

100 sec

13 sec
0, i |
0.5% shift . 7.3% shift

-3% shift
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Summary of results and findings

Highlights and lowlights based on test evaluation

35A

®

Bipolar
degradation

Power metal
degradation

Bond wire
degradation

Sample size : 38

25 °C

45A

Bipolar
degradation

Power metal
degradation

Bond wire
degradation

- 3 devices were test devices out of 50
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55A

Bipolar
degradation

Power metal
degradation

Bond wire
degradation

.............. - Does not depend
on temperature

Bipolar
degradation

Power metal
degradation

Bond wire
degradation

Public

85 °C

45A

Bipolar
degradation

Power metal
degradation

Bond wire
degradation

CIPS 2024

55A

Bipolar
degradation

Power metal
degradation

Bond wire
degradation

Sample size : 9
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Inferences and future scope
Key pointers
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