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The cooling challenge  
in quantum computing

Bluefors is the world’s leading manufacturer of ultra-low temperature dilution 
refrigerator measurement systems with a focus on the quantum computing and 
information community. The company recently announced a partnership with Linde 
to together create cooling solutions for large-scale quantum computers. Linde is 
contributing its vast experience as the world leader for large cryogenic installations. 
Together, the two companies aim to ensure that cryogenics are ready for the next 
steps in large-scale quantum computing, in terms of cooling power, efficiency and 
robustness. “With the number of qubits going up, there is a need for larger scale 
cooling to house all the hardware,” explains Rob Blaauwgeers, CEO of Bluefors. 
“Linde is a world-leader in providing large scale cooling for the higher temperature 
stages. Combined with the ultra-low temperature stages from Bluefors, we will  
be able to provide the needed scale-up for quantum computing.”

information, a quantum computer uses 

qubits. In contrast to regular bits, the 

qubits can be combined into a single 

coherent quantum state and it is this 

property that gives a promise of 

exponential computational power 

compared to regular computers. For 

many solid-state qubits the quantum 

state is controlled by single photons and 

it is crucial to ensure that they are well 

isolated from any unwanted photons. 

Sources of unwanted photons are any 

electromagnetic, EM, radiation from the 

qubit’s environment, for example radio 

signals from mobile phones. One big 

source of EM radiation comes from  

the thermal radiation of a qubit’s 

surroundings. In order to allow qubit 

operations, the temperature must be 

lowered to close to absolute zero. At this 

low temperature the thermal radiation is 

reduced to a level where the quantum 

state becomes apparent and can be 

controlled and measured.”

In other words, qubits must be shielded 

from all external noise, since the 

slightest interference will destroy the 

superposition, resulting in calculation 

errors. And as well-isolated qubits heat 

up quickly, keeping them cool is a 

challenge, and exceedingly so as the 

number of qubits continues to increase.

“Where initially the reliability and ease-

of-use of our systems made all the 

difference, the need for more complex 

systems has started to arise,” says Rob. 

“Currently a lot of our innovations are 

related to the scaling up of the 

measurement infrastructure. For 

example, the need for an increased 

number of control and readout 

measurement lines for the qubits, lead 

to our recent high-density wiring 

solution. Our vision is to supply the 

In 2005 Rob Blaauwgeers, who has a 

PhD in physics, was hired by the 

renowned Low Temperature Laboratory 

(LTL) at Helsinki University of 

Technology to move and upgrade all of 

their dilution refrigerators systems. One 

of the tasks was to construct a versatile, 

fully automated gas handling system 

capable of working in combination with 

all the different dilution refrigerator 

systems. At the same time, Rob started 

to develop the first cryogen-free 

dilution refrigerator system for the LTL. 

He contacted study friend and 

cryogenic engineer Pieter Vorselman 

and together they optimized the 

automated cryogen-free dilution 

refrigerator system for reliability, ease-

of-use and performance. In 2007 the 

first system was taken into use by the 

NANO group of the LTL and shortly after 

in 2008 BlueFors (Blaauwgeers-

Vorselman) Cryogenics was founded.

Bluefors initially focused on the research 

community, but the quantum computing 

community took an interest in their 

technology from the start, Rob points 

out. “When we came to the market with 

our systems, there was a significant 

interest from this community as 

cryogenics had been the bottle neck in 

their quest for a long time.”

While it may be a couple years before 

quantum computing will be widely 

available, there are already quite a few 

organizations that are pressing ahead 

and experimenting with the technology, 

in industries ranging from finance to 

logistics through to life sciences. But to 

enter the mainstream, quantum 

computing needs a proper cooling 

solution. 

Classical computers require built-in fans 

and other ways to dissipate heat, and 

quantum computers are no different 

where that’s concerned. But they need a 

more sophisticated solution, as Rob 

explains. “Whereas a regular computer 

uses bits (0 or 1) as the basic unit of 
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of liquid helium. “Currently these 

temperature stages are cooled by so-

called mechanical coolers, but as their 

cooling power and efficiency is limited, 

we are approaching practical limitations 

with these coolers,” says Rob. By 

partnering with Linde, he believes 

Bluefors is in a good position to 

overcome these practical limitations. 

entire interface from room temperature 

to the quantum chip at low temperature.”

Bluefors’ recently announced partnership 

with Linde is targeted at supporting the 

industry by ensuring cryogenics are ready 

for the next steps in large-scale quantum 

computing, in terms of cooling power, 

efficiency and robustness. The two 

companies are a good fit, in Rob’s view. 

“Both companies have a strong 

engineering background which helps 

cooperation due to the similar mindset. 

This is amplified by both companies 

highly valuing reliability and quality.”

He points out that while Linde is world 

leader in providing large scale cooling 

at liquid helium temperatures (~4 

kelvin) and above, Bluefors is a world 

leader in the ultra-low temperature 

systems (~0.01 kelvin), which basically 

require a starting temperature of about 

4 kelvin. The idea is to co-develop a 

modular and scalable interface 

between their respective cooling 

technologies. A lot of the hardware in 

quantum computers resides at the 

higher temperature stages of the 

system and potentially will dissipate a 

significant amount of heat. High 

temperature here means temperatures 

of around 4 kelvin, i.e. the temperatures 
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