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Introduction
Bipolar Degradation
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« Bipolar Degradation (BD) :
Bipolar currents -> Stacking faults (SSFs) expansion ->
Resistance increase -> Forward Voltage degradation
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Targets of this study
Impact of Temperature, Current density and Injected Charge
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Test Setup
Original Setup
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» Two-point measurement
» Bond-Wire (BW) aging
* Significant increase of VF PiN Diode
* Not possible to compare in-situ Bond Wire (BW)
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Heating Curve

Cooling Curve F

DUT mount with
Pulse Shape - PCmsec direct cooling
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Improved Setup
Kelvin-Probe implementation
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Characteristic features of the measurement curves

Impact of Bond-Wire Resistance
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Characteristic features of the measurement curves
Signature of Bipolar Degradation
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Characteristic features of the measurement curves
Signature of Bipolar Degradation
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1500 A/cm?
» Observed kink in the curve, a 761
signature for bipolar degradation.
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Characteristic features of the measurement curves
Systematic increase in VF
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Impact of Temperature
Temperature control by Pulse Width variation
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Change in duration of the load current (I, ) influences the value of Tvj,max.
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Impact of Temperature
T - L 30 A, 1500 A/cm?
emperature control by Pulse Width variation
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Temperature doesn’t have a first order impact.
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Impact of Temperature

Temperature control by chiller 8.0
7.81 Occurrence of BD independent of temperature
7.6
*  Removes possible influence of Pulse
Width 7.4
S
» Several DUTs -> same Pulse Width L 7.2 p—
but at different Tvj,max,
7.0

* No direct consequence on Bipolar —— 30Aat120°C

; 30A at 100°C
Degradation 6.8 —— 25Aat 100°C |
= = 25A at 80°C
6.6
10° 102 103 10

Qinj (C)
- Temperature doesn’‘t have a first order impact.
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Impact of Current Density
Probability of occurence of Bipolar Degradation (BD)
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Impact of Injected Charge
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Summary

 First study of Bipolar Degradation as a function of
accumulated injected charge

* Introduction of In-situ KP measurements (ability to
differentiate BD from BW degradation)
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« Study of impact of Temperature, Stress current density
and Injected charge without parameter interaction.
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Conclusions
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Outlook

UV Photoluminiscence
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Photoluminiscence Results

Stressed at 35A (1750 A/cm®)  Stressed at 45 A (2250 A/cm?®)  stressed at 30A ( 1500 A/cm?)
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Conceptual design of experiment

Sweep test for very short pulsed PCmsec test
_ Channel A/B

‘(1>1 DUTA/B

Load Kill Switch
¥ Switch

* Parameters : Load Current = 45 A (Coolant Temperature = 25 °C -28°C (Glycol + water))
: PCmseC parameters : ton = 600115 and tcoo/ing/off = 319.40 ms
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