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𝑇𝑇𝑀𝑀𝑀𝑀 = 10 𝑚𝑚𝑚𝑚 

𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 10 … 50 𝑚𝑚𝑚𝑚 
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Motivation 
- Fragile fractional quantum hall states 
- Helical nuclear phases 
- Full nuclear spin polarization 
- Increased coherence time for semiconductor qubits 
- KT < energy separation  



Adiabatic Nuclear Demagnetization 

Zeeman splitting    ∆𝐸𝐸𝑧𝑧 = −𝑚𝑚𝜇𝜇𝑛𝑛𝑔𝑔𝑛𝑛𝐵𝐵 

𝑆𝑆 = 𝑅𝑅𝑅𝑅𝑅𝑅 2𝐼𝐼 + 1 −
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Coulomb Blockade Thermometry 
Al / AlOx / Al      tunnel junctions 
Array of 36 x 15  
Indium islands 



CBT Calibration 

= 3.84 mK 

Decoupling 
at low T 
 
Inefficiency 
of phonons 

𝐸𝐸𝑀𝑀 ≤ 𝑘𝑘𝐵𝐵 𝑇𝑇𝑠𝑠  



Leiden Cryogenics MNK 126-700 

2) CBT is mounted on a Cu carrier block 
 
3) Which is attached to MC with a Cu coldfinger 
 
1) Inside an RF-tight enclosure 
 
4) Cu powder filters 
 
5) RC low pass filter with cut off at 50kHz 
 

Mixing chamber with 5 mK 



AND / On-chip Cooling 

𝑇𝑇𝑀𝑀𝐵𝐵𝐶𝐶 ≈ 20 𝑚𝑚𝑚𝑚          24 hours 

𝑇𝑇𝑀𝑀𝐵𝐵𝐶𝐶 ≈ 16 𝑚𝑚𝑚𝑚           72 hours 

Precooling at  𝐵𝐵𝑖𝑖 = 12.8 𝑇𝑇 

Dynamic bias window ≈ 20𝜇𝜇𝜇𝜇 

Ramp rate  �̇�𝐵 = 0.4 𝑚𝑚𝑇𝑇/𝑠𝑠 

𝐵𝐵𝑓𝑓 = 40 𝑚𝑚𝑇𝑇 

𝑇𝑇𝑀𝑀𝐵𝐵𝐶𝐶 = 3.2 ∓ 0.1 𝑚𝑚𝑚𝑚 

at  𝐵𝐵 ≈ 2 𝑇𝑇 



Performance 

�̇�𝑄0 = 0.18 𝑓𝑓𝑓𝑓 𝑎𝑎 = 18
𝑝𝑝𝑓𝑓
𝑚𝑚𝑇𝑇/𝑠𝑠  

𝜏𝜏1𝑇𝑇𝑠𝑠 = κ 

𝐶𝐶𝑛𝑛 = 𝛼𝛼
𝐵𝐵2

𝑇𝑇𝑛𝑛2 
=
λ𝑛𝑛
𝜇𝜇0

𝐵𝐵2

𝑇𝑇𝑛𝑛2 
 

𝐸𝐸𝑧𝑧 < 𝑘𝑘𝐵𝐵𝑇𝑇 

No eddy current 
No dominating static leak 
No  𝑄𝑄 ̇ ~ (𝑇𝑇𝑠𝑠

𝑛𝑛−𝑇𝑇𝑠𝑠𝑛𝑛𝑒𝑒𝑛𝑛)  

Parasitic heat leak inside the In island 



In vs Cu 

𝛼𝛼′
κ  

𝐼𝐼𝑅𝑅 → 250 𝜇𝜇𝑓𝑓/𝑚𝑚2𝑚𝑚𝑇𝑇2 

𝐶𝐶𝐶𝐶 → 0.076 𝜇𝜇𝑓𝑓/𝑚𝑚2𝑚𝑚𝑇𝑇2 

𝛼𝛼′ =
λ𝑛𝑛
𝜇𝜇0
𝑅𝑅
𝐴𝐴

 

𝑅𝑅𝐶𝐶𝑛𝑛𝑅𝑅𝑛𝑛𝑎𝑎𝑛𝑛 ℎ𝑛𝑛𝑎𝑎𝑒𝑒 𝑛𝑛𝑎𝑎𝑝𝑝𝑎𝑎𝑛𝑛𝑐𝑐𝑒𝑒𝑐𝑐
𝑠𝑠𝑝𝑝𝑐𝑐𝑅𝑅 − 𝑅𝑅𝑎𝑎𝑒𝑒𝑒𝑒𝑐𝑐𝑛𝑛𝑛𝑛 𝑛𝑛𝑛𝑛𝑅𝑅𝑎𝑎𝑟𝑟𝑎𝑎𝑒𝑒𝑐𝑐𝑟𝑟𝑅𝑅 𝑒𝑒𝑐𝑐𝑚𝑚𝑛𝑛

 



Conclusion 
Adiabatic Nuclear Demagnetization Coulomb Blockade Thermometer with In as refrigerant 

In a wet fridge 
𝑇𝑇𝑀𝑀𝐵𝐵𝐶𝐶 = 3.2 ∓ 0.1 𝑚𝑚𝑚𝑚 

𝐼𝐼𝑅𝑅 → 250 𝜇𝜇𝑓𝑓/𝑚𝑚2𝑚𝑚𝑇𝑇2 

𝐶𝐶𝐶𝐶 → 0.076 𝜇𝜇𝑓𝑓/𝑚𝑚2𝑚𝑚𝑇𝑇2 




	Slide Number 1
	Motivation
	Adiabatic Nuclear Demagnetization
	Coulomb Blockade Thermometry
	CBT Calibration
	Leiden Cryogenics MNK 126-700
	AND / On-chip Cooling
	Performance
	In vs Cu
	Conclusion
	Slide Number 11

