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VRMS, output DC voltage of 800 V and nominal power output of 10

kW. The high power density is achieved by increasing the switching

frequency to 400 kHz, which results in low volume EMI filters and

boost inductors, while still maintaining a high efficiency over 95%. To

minimize the switching losses, a combination of a CoolMOS and SiC

diodes are used in a custom power module. Semiconductor device

cooling is provided by a water cooler, although it is possible to

achieve a similar power density using an optimized forced air cooled

heat sink. The rectifier is fully digitally controlled using an Analog

Devices DSP.

The high power density, 5 kW DC-DC converter is based on a

series-parallel resonant converter topology. ETH Zurich has devel-

oped an optimisation procedure that considers the switching frequen-

cy, semiconductor and passive losses, and thermal performance in

order to maximise the power density. The optimal operating switching

frequency of the converter is in the range of 100 kHz. For improving the thermal management of the converter a non-standard construc-

tion technique is used in which heat transfer components extract the

heat from the transformer and conduct it to a second heat sink where

it is dissipated. A high pressure fan is mounted between the copper

semiconductors and transformer heat sinks. Ceramic capacitors are

used for the high voltage and low output voltage bus capacitors in

order to reduce the volume. Furthermore, the converter is fully digi-

tally controlled using a TI DSP and Lattice FPGA. The predicted effi-

ciency is approximately 96%.
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Figure 2. Power density trends of commercial and research systems
and the Power Density Barriers.
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Figure 4. 10kW/liter, 5kW DC/DC converter, 3D CAD drawing

Figure 3. 400 kHz, 10 kW/liter, 10 kW, water-cooled Vienna Rectifier. Dimensions of
250mm x 100mm x 45mm. 10 kW/liter, 5 kW 400 V-48 V Isolated DC-DC Converter

Gate Drivers

DSP Board

Current 
Sensor

DC Link
Caps

AC
Input

DC
Output EMI Filter

Boost 
Inductors

Water Cooler
Covering Power Modules

DC Link
Caps

P C I M  S H O W  


