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Problem Statement (1/3)

DC/DC Converters for Space Applications

Currently run at a typical frequency of 100 kHz

As a trade-off results between
Switching losses
Conduction losses
Within a given volume or mass budget
Taking into account demanding environment
lonising environment (TID and SEE)
Thermal constrainst (no fan)
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Problem Statement (2/3)

High Frequency Switching Objectives
Reduction of passive component sizing

Inductors
— Filter Inductors motivate 5 % of the mass budget fo r BDR’s (Telecom PCU)

Capacitors

— Filter capacitors (including damper) motivate 18 % of the mass budget for
BDR’s (Telecom PCU)

To push back harmonics above a given frequency thre shold
DAC & ADC performances

With innovative propositions
No revisited trade-off (e.g. higher frequency versu s lower efficiency)
Frequency objective shall be in between 1 to 10 MHz
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Problem Statement (3/3)

=> Topologies & Technologies are involved
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Magnetics (1/2)

Ferrite Core

Transformer design

MnZn ferrite (3F3)
Core losses : 500 mW/cm3 @ 100 kHz, 200 mT, 100 €
Poor performances at higher frequencies
Manufacturing @ 1300

NiZn ferrite
Convenient in between 1 MHz and 100 MHz

— Currently used for RF applications

NiZnCuCo ferrite
Improved performances wrt to NiZn
Core losses about then times beter than MnZn core ( lower m)

Manufacturing @ 900
Coil integration (LTCC - Low Temperature Co-fired Ce  ramic)
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Magnetics (2/2)

MPP Toroid

Inductor design

Distributed gap
MolyPermalloy Powder

Lowered nmp=> lowered losses

Winding
Parasitic capacitance to be minimized by specific p rovisions
Litz wire against skin effect
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Capacitors (1/1)

NPO Capacitors

Stability versus temperature
NPO (Negative/Positive coefficient is 0)
Low ESR
Non-polarized
HQ capacitor available

RF and nwave applications
Very low ESR
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Topologies (1/2)

Resonant Topologies

ZNVS & ZCS (Zero Voltage and Zero Current Switching)
@ given power level
Lower flexibility

Total gate charge remains an issue
Cgs+Cdg @ Vds=0V

Variant Topologies

Distributed characteristics transformer
wrt to discrete (lumped) components
Coreless transformer
To be analysed
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Topologies (2/2)

Skin Effect
Switching loop
ldc
Minimize loop perimeter (surface)
Converter filters

Iripple
Constraint on power level
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Switching FET (1/3)

Si MOSFET

IRHM57163 (130 V, 45 A, 15 m WY

Total gate charge
-~ Qg=160nC @ Vds =65V
—Qgx10VXx1MHz »1,6 W
Gate resistance
~Rg»2W=>I1g=10V/Rg=5A
-Qg/1lg=32ns=3% @ 1 MHz
Peak diode recovery dV/dt
—dV/dt <11 Vins
— 100V /dV/dt > 10 ns
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Switching FET (2/3)

Variant FET

Targeted performances
High breakdown voltage ( » 100 V and above)
High temperature (up to 400 )
Low capacitance
Highly ionising environment
— TID (Total lonising Dose) and SEE (Single Event Eff  ect)
Low impedance
— Figure of merit (m WWx cm?)
Low leakage current
High current (up to 30 A)

Low gate voltage control
—0V<Vgs<b5V

Alcatel Alenia Space ETCA v
Ref : R&D-AV-ETCA-TN-0034 Iss. 1 Rev. 2 ALCATEL Tous droits réservés © 2005, Alcatel Alenia Space ETCA



Switching FET (3/3)

Variant FET (cont’d)

High breakdown voltage => Wide BandGap semi-conduct  ors
SiC or GaN : OK
Si or GaAs : NOK

SIC
No longer a new technology

Improved performances wrt Si
— Voltage, Temperature, Capacitance, Radiation

Remains expensive

GaN
Emerging technology
Promising performances (ahead of SiC ones)
Affordable (TBC)
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Conclusion

Key Features

Magnetics
NiZnCuCo ferrite

Capacitors
NPO OK

Topologies
Limited power level (10 W)
FET
GaN semi-conductors
+ Low Level Control

Low duty cycle
POL converter for low voltage
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