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This paper investigates the consistency between commonly used automotive validation methods and the physical degradation
mechanisms of power semiconductor devices in electric vehicles (EVs). Current OEM approaches utilizing Power-Thermal-Cycle-
Endurance (PTCE) and High-Temperature-Operation-Endurance (HTOE) protocols require a minimum of 6-month validation cycles,
conflicting with increasingly compressed 2-year EV production timelines. Field reliability data identifies power semiconductor devices as
the most failure-prone components in power electronic converters, accounting for approximately 31% of failures, with dominant
mechanisms including bond wire lift-off, solder fatigue, and metallization degradation—all driven by junction temperature (Tj) cycling.

The analysis reveals a fundamental misalignment between system-level testing and junction-driven failure physics. PTCE applies
chamber-controlled temperature ramps (2—4 K/min) producing quasi-uniform thermal stress across the assembly, while the dominant
semiconductor failure mechanisms require rapid, localized junction temperature swings (10—-100 K/s) generated by electrical self-heating.
The Coffin-Manson exponent used in system-level testing for OEMs (¢ = 2-2,5) was empirically derived for bulk solder fatigue, whereas
semiconductor-specific failure mechanisms exhibit exponents of n =~ 3-7, nearly a factor of two higher. Similarly, HTOE applies a
universal activation energy of E,= 0,45 eV, calibrated for packaging-level degradation, while semiconductor-specific mechanisms such
as gate oxide (0,6—-1,0 e¢V) and bias temperature instability in SiC (0,6-1,4 eV) operate at fundamentally different energy barriers.
Experimental validation on a 800 V/12 V, 3,5 kW DC-DC converter confirms these findings. During PTCE testing (—40 °C to +80 °C,
700 cycles), 65% of measured junction temperature variations fell below 20 K, with only 5% reaching 30—40 K, confirming that the
semiconductor is not the primary element subjected to stress. Lifetime estimation using the CIPS08 model with N = 6,88 demonstrates
that under field-representative conditions the predicted lifetime exceeds any practical service requirement, while accelerated power cycling
at AT;= 100 K compresses validation to approximately 47 days.
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with E, = 0,4/0,6 eV; Leg B targets the profile at T;= 150—
175 °C E; = 0,6/1,4 eV. This approach maintains
reliability accuracy while reducing validation time.
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