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Fig.1. Measured diode current-voltage curve

 

 

  

  

  

 

a) Topology #T1 b) Topology #T2 

Figure 1: AC/DC power supply system topologies 
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Thermal model

 

Current lead model 

 

Results 

Diode rec�fier losses and efficiency

 

 

System losses

 

b) Diode rec�fier efficiency 

 

 

Fig.4. Simulated diode rec�fier performances at room and cryogenic temperatures  

 
b) The cooling is produced by a machine 

Fig.2. Thermal model
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• Study the feasibility of a three-phase diode rec�fier opera�ng at cryogenic temperature.
• Electrical characteriza�on of power diodes at cryogenic temperature.

a) Diode rec�fier losses 

Fig.5. Comparison of the losses for each topology

Fig.3. Current lead design

Power diodes have different electrical characteris�cs at cryogenic temperatures, requiring a 
specific semiconductor study to select the best diode for the desired applica�on. Opera�ng a 
diode rec�fier at 77 K slightly improves the system efficiency, but this efficiency is reduced if 
cooling power must be generated (i.e. is not "free"). The notable advantage is the poten�al 
reduc�on in the heatsink volume and weight by up to 90%, making it a promising solu�on for 
applica�ons where weight is limited, such as wind power genera�on, aeronau�cal or naval 
transporta�on, especially when cooling power is freely available. The next steps are to build a 
prototype and test the models.

Table 1. Measured diode parameters at 
room and cryogenic temperatures

The project was financed by the French government under the "Plan de Relance" and the 
"Programme d'inves�ssements d'avenir".

• Power diodes have different electrical 
proprie�es at room and cryogenic 
temperatures.
• Some diode technologies are more suitable 
for opera�on at cryogenic temperature.

• The losses of the diode rec�fier are reduced by 26% at cryogenic temperature.
• The efficiency of the diode rec�fier is only improved by 0.07%.

• The losses in one current lead consist of: 
the heat flow into the cryostat and the heat 
generated by Joule effect [2],

• The ra�o between the length and the 
area of the current lead is defined by the 
minimun heat flow, 

a) BYT60-400 

b) APT2X101_100D120J_E [1] 
a) The cooling is "free"
(e.g. case of future hydrogen aircra�)

 

 

2 DC current leads 
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Diode characteris�c
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Symbol Parameter Temperature BYT60-400 APT2X101_100
D120J_E

Ron
On-state 

resistance

Threshold 
VoltageVt0

77 K
~293 K

10.8 mΩ
6.0 mΩ
4.1 mΩ

8.7 mΩ

77 K

~293 K

1.11 V

0.82 V

1.17 V

1.47 V

Symbol Parameter Topology #T1 Topology #T2

Ron
Number 
and Type

RMS current

Qc,min

2DC

5.26 W
Heat flow to 
the cryostat

Length

Cross sec�onal area

Electrical Resistance

IRMS

Lcl
Acl

Rcl

3AC

98 A 80 A

4.29 W

10 cm 10 cm

3.1 mm2 2.5 mm2

0.55 mΩ 0.67 mΩ

Table 2. Current leads parameters

Symbol Parameter Topology #T1 Topology #T2

RHA
Thermal 

Resistance

Mass

VH

0.22 K/W

Volume

LengthHlength

MH

0.18 m

Table 3. Heatsink sizing

1.20 K/W

0.07 m

4.50 L 0.42 L

0.120 kg 0.001 kg

RJ1C1 RJ4C1

C1

J1 J4

RC1H

RJ3C2 RJ6C2

C2

J3 J6

RC2H

RJ5C3 RJ2C3

C3

J5 J2

RC3H

Pd1 Pd4 Pd3 Pd6 Pd5 Pd2

H

A
RHA

Requirements : 
•  AC voltage [L-L RMS] :  800 V
•  Opera�ng frequency :  50 Hz
•  Nominal power : 100 kW


