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ABSTRACT
For several years, we have been working on a sub-kelvin hybrid cooler concept based on 

prototype of this hybrid 50 mK cooler has been developed with ESA support to demonstrate its 
feasibility for the IXO (International X-ray Observatory) mission, which is now the European-led 
mission called ATHENA. Based on this successful development and upon the knowledge gained 
during this work and funding support from CNES, an advanced hybrid cooler has been designed 

SAFARI instrument on-board the SPICA mission as of 

at 50 mK and 300 mK, for an overall cycle duration of 48 hours and a measured duty cycle of over 

vibration tests, and has now reached a TRL 6 level.

INTRODUCTION
The need for sub-kelvin cooling has been voiced for several years and several solutions have 

-
ects1, 2 we have developed a so-called hybrid cooler, which is a combination of a 300 mK helium 
three sorption stage and a miniature adiabatic demagnetization stage. Several prototypes and models 
have been built and tested3, 4

was designed, built and tested5

300 mK, with a duty cycle of 80% and an overall cycle duration of 48 hours. The whole cooler has 
a low weight of 5.1 kg and is 312 x 182 x 156 mm in size. A schematic along with 2 photos are 
displayed in Figure 1.
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been made before and after the environmental tests, designed to detect changes in performance pa-
rameters, which may indicate a potential failure. Prior to this campaign, the heat switches undergo 
their own selection process.

-
tensively discussed in the past and shows that a complete redundancy architecture against the ON 

these items are not redundant, a general conclusion made for ultra low temperature coolers. Yet in 

a dedicated test campaign featuring geometrical, thermal and vibration tests. A tool has been de-
veloped to check whether or not the interlocked copper parts in the switch are centered. The tool 
comprises two sensors, which measure respectively the force and the displacement on a moving 
part. This moving part is used to push gently on the switch end in all four directions (perpendicular 
to the switch axis). From the recording of the force versus displacement, the position of the inner 
copper part is obtained and the switches are ranked.

The switches are then thermally and mechanically tested. An example of the results is reported 
in Figure 2. The best set is then integrated in the cooler. In practice,  the vibration tests very rarely 

of the internal copper parts).

Figure 1. Schematic and pictures of the SPICA SAFARI engineering model
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The sorption stage is also thermally tested prior to integration, mostly to verify that the amount 
of helium-3 gas matches the expected performance. The cooler is charged under a cold condition. The 

4He (and kept at this 
-11 Pa m3 s-1.

Integration in the test cryostat

to provide an extended autonomy of about 10 days at a temperature as low as 1.2 K. In this arrange-
ment most heat inputs to the last reservoir are heat intercepted by the 4.2 K tank. Thus with a limited 

cooler is recycled. Thus each thermal interface is thermally connected to the helium cryostat cold 

the test cryostat are displayed in Figure 3.

Initial thermal tests campaign
The fully assembled cooler is thermally tested under the nominal conditions, i.e., with the in-

terfaces regulated at 1.8 K and 4.9 K. A typical result is provided in Figure 4. A duty cycle of 80% 
is reached, slightly in excess of the predicted performance (78%). Several scenarios are possible 
for the recycling of the cooler, and in the case reported a double magnetization (see Figure 5) was 

that the cost of cooling this stage is not supported by the 3He stage. Once at 400 mK, the remaining 

Figure 2. Heat switches thermal conductance before and after vibration tests. The picture depicts the 
set-up used for the vibration tests
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Figure 3. EM cooler mounted in the test cryostat

Figure 4. Typical cooler cycle, with 0.4 μW @ 50 mK and 14 μW @ 300 mK.

Figure 5. Typical cooler cycle: time evolution of the magnetic field
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entropy. A few percent of the duty cycle are gained due to this recycling mode.

monitored and controlled using a Labview® based homemade software. As mentioned the dissipa-
tions are measured in real time and the heat switch conductances are tuned accordingly. This method 

tested on a single sorption cooler, is to produce a “thermal map” of the dissipation for heat switch 
conductance and sorption pump temperature. This information can then be used as an input by 

thermal links remains the same.
As seen in Fig. 6, the dissipated powers never exceed the specified limits, i.e., 5 mW at 1.8 K and 

10 mW at 4.9 K during the recycling phase, and 0.5 and 1.5 mW, respectively, during the operating 
phase. Additional work on the software and control electronics is currently being carried out to 
smooth out the behavior and to suppress the slight overshoot on the 1.8 K interface.  In fact on 
this interface, the average dissipated power during recycling falls below the 5 mW limit.

Vibration tests campaign

 low sine sweep 0.5 g, 20 to 2000 Hz, 2 Oct./min

The vibration tests were successfully conducted and can be seen in Figure 8.  The signatures 
recorded before and after each test remain fairly identical. The slight shift seen on the 50 mK in-
terface is attributed to the accelerometer which had to be glued back. In any case no visual defect 

Figure 6. Dissipation of the cooler during operation
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tests, several photographic records of the interfaces and particularly of the way they were centered 
in their tight opening of the cover allowed us to verify that indeed the suspended masses (sorption 
stage and salt pill) and the thermal interfaces did not change in position. The cooler was success-
fully leak checked before integration in the test cryostat.

Final thermal tests campaign
In order to verify the performance of the cooler and check for any internal damage, the unit 

differences between each set of tests.

Figure 7. EM cooler ready for the vibration tests

Figure 8. Example of mechanical signatures along the various vibration tests carried out
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In Figure 9, we have reported what we called the fast cycle. Rather than doing a nominal test 

the second magnetization. Note that the nominal test was done also and lead to identical results. In 
the results reported in Figure 9, no differences can be distinguished between the cycles obtained 
before and after the vibration tests. They perfectly superimpose leading to the conclusion that the 
vibration tests did not affect the performance of the cooler.

The cooler is currently tested under various conditions for which the interface temperatures and 

the goals is to improve our modeling of the cooler and to be able to better predict its performance. 
The current model is already reliable to better than 90%, and it can be perfected to provide a better 
predictions.

CONCLUSION

stage and a 50 mK miniature adiabatic demagnetization. This cooler was originally designed for 

to a high TRL within limited time.
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Figure 9. “Fast” cycle. Results of tests before and after the vibration tests; almost perfect superimposition

QUALIFICATION OF EM 50 mK HYBRID SORPTION-ADR COOLER 493



C19_016 8REFERENCES

coolers,” Cryogenics, vol. 48 (2008), pp. 95-105.

2. 
” SPIE Astronomical 

Telescopes+ Instrumentation, International Society for Optics and Photonics (July 2014), pp. 915324-
915324.

-
plications at CEA-SBT” Cryocoolers 17, ICC Press, Boulder, CO (2013), 

demonstrator” Cryogenics, vol. 70 (2015), pp. 70-75

Cryogenics, 
vol. 64 (2014), pp. 213-219.

SUB-KELVIN, MAGNETIC, AND NOVEL REFRIGERATORS 494




