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ENGINEERING MINDS MUNICH GMBH – COMPANY OVERVIEW
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2020 incubatee in ESA BIC 
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SMART POWER SUPPLY – IDEA
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Secondary power supply for NewSpace 
electronics with low voltages at high currents 

High reliability and radiation tolerance with 
COTS components 

Modular, scalable, compact and cost-efficient
PolarFire SoC
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I/F 

Transceivers

Key requirements for SPS

• 8 channels, 1.0V .. 3.3V, max. 3A per channel
• ±2% voltage accuracy
• Latch-up protection of load



SPS CONCEPT
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Each channel built with two active redundant supply lines

→ When both channels are on, the supply current is shared
→ When one channel is off, the supply current is fully provided by the remaining 

channel
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BUCK CONVERTER SELECTION
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SIMULATIONS AND BREADBOARD TESTS

6



LOAD MATRIX
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Load distribution to 4 channels



BREADBOARDING OF SUITABLE COMPONENTS
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Component radiation tests with 
online monitoring to check 
whether parts degrade at 1 krad



COMPONENT RADIATION TEST RESULTS
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Time TID [Gy] SC186-1 [V] SC186-2 [V] IR3883-1 [V] IR3883-2 TCKE805 [V] STEF033 [V]*

10:46 1.75 1.804 1.804 1.843 1.836 [V] 4.992 4.420

11:56 3.50 1.812 1.804 1.835 1.834 4.920 4.470

13:06 5.25 1.810 1.800 1.862 1.864 4.940 4.460

14:24 7.00 1.804 1.804 1.835 1.852 4.990 4.410

15:31 8.75 1.804 1.804 1.835 1.833 4.940 4.470

16:38 10.50 1.805 1.806 1.836 1.835 4.990 4.470

- Buck outputs are adjusted to 1.8 V
- eFuses are measured without load
*   STEF033 is limiting output voltage to 4.5 V



SPS BREADBOARD
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• Several options can be selected via jumpers (e.g. output with or w/o LDO)
• Test pins are included to measure internal signals and apply error sources

• By removing all of the test parts, a PCB area of 8 cm² is feasible 

eFuses Bucks CSCs LDO LCL



LOAD SHARING
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Uout
0.5V/div

I1in
0.5A/div

I2in
0.5A/div

time in 0.5s/div

a b c d e f

1 2 1 21 off 2 off 1 off off

Load sharing 
performs, but 
the output 
voltage has 
some drops



OUTPUT VOLTAGE ACCURACY
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The tolerance of ±2% (0.98 .. 1.02 Volt) is only achieved from ≈ 1.0 .. 1.8 Amp 



VOLTAGE DROP COMPENSATION
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-
+FB

A output current-dependent voltage is subtracted from the Buck feedback (FB) to 
Compensate for voltage drop across series resistances of CSC and LCL.



THERMAL VACUUM TESTING
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LATCH-CURRENT LIMITATION
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Using an electronic load:

• Nominal current: 1A
• @ a : increased load to 2A 

→ hick-up mode

• @ b : increased load to 3A
→ Output switched off



RADIATION TEST PLANNING
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OMERE Software Assuming an aluminum-equivalent shielding thickness of 3mm results in a radiation load
of a little bit above 10 krad. With a radiation design margin of 2, any equipment for such a mission would
need to be compliant with 20 krad of TID.
https://www.trad.fr/en/space/omere-software/

https://www.trad.fr/en/space/omere-software/


RADIATION TESTING
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4 SPS breadboards have been tested:
• 1 connected to electronic load
• 3 supplying a processor module

Co-60 source was used to apply TID



OUTPUT VOLTAGE ACCURACY
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LDO regulators of 
1.1V and 1.8V 
appear to introduce 
voltage drifts. 



OUTPUT VOLTAGE AFTER TID
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COMPARISON OF SPS BEFORE AND AFTER TID
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TID introduced a 
10% efficiency 
degradation



THERMAL TESTS
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Efficiency is in 
the order of 
55% only, this 
was performed 
after TID tests



EMC TEST RESULTS
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TOP-LEVEL CONCEPT
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8 supply channels will be combined into one module, each having 2 supply lines

A rad-tolerant Point-of-Load converter will be implemented for SPS power supply

A rad-tolerant µController will be implemented for SPS control and HK DAQ

SPS - Smart Power Supply

Supply channel

Hot redundant supply line

Uin

µController

Uout_n

comSPS Power 

Hot Redundant supply line

Load 
Protection



CONCLUSION
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Smart Power Supply will fulfill the needs for low voltage, high current components

The modular concept also allows to combine several supply lines and build 2 out of 3 or 
other constellations, providing higher currents (6, 9, 12 A).

Many thanks to Nikola Bošković who guided us through this activity !
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Thank you for your attention!
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