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• Major components of a generalized 

dilution refrigerator shown in the diagram.

• 3He from the room temperature pump 

system is cooled and liquified above (or 

at) the still.

• Cooled further on the way to the mixing 

chamber.

• 3He is pumped away from the still.

General refrigerator layout
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Circulation System
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Circulation System
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Controls

Vacuum System

Helium-3 
System



Modern refrigerator layout
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Image: Oxford Instruments

2 stage pulse 
tube cooler

Additional heat 
exchanger

Additional heat exchanger 
(Uhlig, personal communication)
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Modern refrigerator layout – temperature stages and dilution unit
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Images: Oxford Instruments

50 K (First stage pulse tube)

4 K (Second stage pulse tube)

1 K (Still)

0.1 K (Intermediate cold plate)

0.01 K (Mixing chamber)

Still

ICP

Mixing
Chamber
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Commercial fridge examples – Small Fridges

7

Small fridges
Mixing chamber diameter ~150mm

Minimum temperature ~25 mK

Image: Oxford Instruments
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Commercial fridge examples – Standard Fridges
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Image: Oxford Instruments

Standard fridges
Mixing chamber diameter ~300mm

Minimum temperature ~10 mK
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Commercial fridge examples – Large Frame Fridges
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Large frame fridges
Mixing chamber diameter ~500mm

Minimum temperature ~10 mK

Image: BlueFors
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Commercial fridge examples – XXL Fridges
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Image: Leiden Cryogenics

“XXL” fridges
Mixing chamber diameter ~1000mm

Minimum temperature ~10 mK
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Commercial fridge examples – XXL Fridges
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“Kide” fridge
Mixing chamber diameter ~1500mm

Minimum temperature ~10 mK

Image: BlueFors
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Colossus
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• SQMS is constructing a large 

fridge for hosting quantum 

processors and sensing 

experiments.

• 2-meter diameter mixing 

chamber plate.

• Does not use 

cryomechanical coolers – 

instead, using a liquid helium 

refrigeration plant.



This manuscript has been authored by Fermi Research Alliance, LLC under Contract No. DE-AC02-

07CH11359 with the U.S. Department of Energy, Office of Science, Office of High Energy Physics.

Acknowledgement

13 Hollister | Cryogenics for Superconducting Quantum Information Science | USQIS Summer School 2023


	Slide 1
	Slide 2: General refrigerator layout
	Slide 3: Circulation System
	Slide 4: Circulation System
	Slide 5: Modern refrigerator layout
	Slide 6: Modern refrigerator layout – temperature stages and dilution unit
	Slide 7: Commercial fridge examples – Small Fridges
	Slide 8: Commercial fridge examples – Standard Fridges
	Slide 9: Commercial fridge examples – Large Frame Fridges
	Slide 10: Commercial fridge examples – XXL Fridges
	Slide 11: Commercial fridge examples – XXL Fridges
	Slide 12: Colossus
	Slide 13: Acknowledgement

