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ABSTRACT 

At the University of Twente, a breadboard 4.5 K helium sorption cooler was developed 

which has no moving parts and, therefore, is essentially vibration-free. Moreover, it has the 

potential of a very long lifetime. This cooler is a favorite option for future missions such as 

ESA’s Darwin mission, which is a space interferometer consisting of a few free flying 

telescopes. Because of the optics involved in Darwin, hardly any vibration can be tolerated. 

The cooler consists of a hydrogen stage cooling from 80K to 14.5K and a helium stage 

establishing 5 mW at 4.5 K. Both stages use micro-porous activated carbon as the adsorption 

material. The two cooler stages need about 3.5 W of total input power and are heat sunk at two 

passive radiators at temperatures of about 50 and 80 K — radiators which are constructed at the 

cold side of the spacecraft. 

We developed, built and tested a demonstrator of the helium stage under an ESA-TRP 

contract. This demonstrator has four sorption compressor cells in two compressor stages. Test 

experiments on this cooler showed that it performs within all specifications imposed by ESA. 

The cooler delivered 4.5 mW at 4.5 K with a long-term temperature stability of 1 mK and an 

input power of 1.96 W. The exported vibrations are much lower than the required 1 μN/√Hz. So 

far, the cooler has continuously operated for a period of 2.5 months and has not shown any sign 

of performance degradation. 

INTRODUCTION 

A number of future scientific space missions will require reliable cryogenic cooling systems 

that can operate without producing mechanical vibrations. An example is ESA’s Darwin 

mission
1

. Darwin is an instrument with the explicit purpose of detecting other earth-like worlds, 

analyzing their characteristics, determining the composition of their atmospheres, and by doing 

so, establishing their capability to sustain life as we know it. It is a space interferometer 

consisting of a few free flying telescopes with a baseline of several hundreds of meters. The 

optical paths between the telescopes are controlled and stabilized to less than 10 nm by making 

use of micro-Newton ion thrusters that operate in a control loop in combination with RF, optical 

and laser metrology. To guarantee the pointing and dimensional stability, no vibration of the 

optical system with integrated cryocoolers can be tolerated. As a consequence, zero-vibration is 

one of the central requirements for the cryocooler. 
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Figure 1.  Schematic picture of the proposed helium / hydrogen sorption cooler, which is precooled
by two passive radiators at about 50 K and 80 K. 
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Figure 2. Schematic of the developed breadboard helium sorption cooler. The cooler applies 2 x 2
sorption cells and delivers 5 mW at 4.5 K. 
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Figure 3.  Design of a sorption compressor cell with integrated check valve unit. 
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with activated carbon

M4 screw-holes for
mounting on heat sink

gas-gap heat switch

gas tube

heat sink
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(a) 4K sorption cooler inside the bottom part of the bell-jar. The cooler components are mounted on the
bottom part of the radiation shield; this bottom part is thermally linked to the first stage of a powerful
two-stage GM cooler.  

 

   
       (b) Side-view of 4K sorption cooler.            (c) Top view of cooler inside 50 K radiation shield. 
 

Figure 6.  Photographs of the test set-up. 

The cold-end temperature was controlled to 4.5 K exactly, with a fluctuation of about 
+/- 1 mK. This fluctuation is determined by the accuracy of the temperature controller, a 
Lakeshore 331 which has a resolution of 1 mK.6 Furthermore, the cold end has a very small 
thermal mass, approximately 5 gram of copper. The temperature stability can be reduced to well 

Radiation shield
(bottom part)

Compressor cells

Bottles for gas buffer

Bell-jar (bottom part)

Ambient gas
handling system

Cold stage
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