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Timeline Budget System Goals * Base metal electrodes (Ni) require reducing environment during sintering
Start— FY19 Total project funding * Power Density =100 kW/L to avoid oxidation
DOE share — 100% * Power target > 100 kW (~1.2kV/100 A) - oxygen vacancies are created in the ceramic V.

End —FY23 * Cost target for drive system (S6/kW) -
o Funding received in FY18: $75K * Operational life of drive system = 300k miles * Under applied voltage at temperatgre, oXygen vacancies migrate and '_T'_T'f' S

6 complete - | | | preferentially getter at electrode/dielectric interface IR Degradation

Funding for FY19: $ 0 * Relative immaturity of new passive materials * Results in loss of insulation resistance (IR) = increased leakage :
(performance/reliability) * Increased leakage = raises temperature = more vacancies created E fietd
* Accelerating failure mechanism | Oxygen __~
Diffusion )
Motivation Oxygen-\
Vacancy
* Achieving power electronics density will require improvements in all aspects of drive train (switches, passives, etc.) * Instead of altering fabrication or materials properties i\!
e Targeting oxygen vacancy transport to electrodes
* Ceramic dielectric capacitors preferred to achieve high power density systems * By altering the electric field from a DC field to an AC field, we can limit transport of oxygen vacancies V+
* High energy density and reliability
* But low overall capacitance Goals
* Instead of addressing performance/reliability through material composition

* High frequency switching system reduces electrical size of capacitors necessary * Develop innovative bipolar switching strategy

* Use of distributed, small capacitors on DC bus enable use of ceramic capacitors at reasonable cost * Periodically clear a build-up of oxygen vacancies at electrode surfaces

* Increases power density through elimination of large capacitors * The dynamics of this strategy will be explored and optimized
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But, achieving high performance/long lifetime at high temperature has ettt b e bbb e LLL L LT e Survey current state-of-the-art ceramic capacitors and identify technology gaps
been elusive for base metal electrodes (reduced cost) f_r_-_.2:;§§§E:E?TEZ§§§§§§EE§§E§:§§§E 0
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i Volume ~ 1/Freguency L e L +=-H L e Carried out preliminary bipolar switching testing -
8 qo'L | |  Tested capacitor degradation at DC bias, and bipolar switching of 0.1 < -3.0
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=t ) C »/< ( bb3 T (/h( /';
Positive Rail Side Profil Converter 4 | . : .
ins Frae L, . Perform further experiments on bipolar switching
et / ey e e Ico . Longer term testing (less acceleration)
Negative Rail P Dri TE /. . . .
Le €2 es ¢ c6 . Larger capacitors appropriate for power devices
PC Board with Surface G © % ¢,
e T . Evaluate bipolar switching scheme compatibility with drive train technologies
_ _ _ _ . _ _ Filter Capacitors with HV Bus of Capacitor Module
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