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Conclusions

1. Since cooling power and phonon leaks are proportional to A, one 
should decrease 𝑅𝐴 = 𝑅𝑇𝐴

2. Suppression of phonon thermal conductivity above 500 mK requires 
“phonon engineering”

3. Above 500 mK, a superconductor with larger Δ is required. 
Vandilium.



𝑃Σ2 = 𝑃𝐻3 − 𝑃𝐶2 + 𝑃𝐿2 − 𝑃𝐿3

Less efficient at high T
𝑃𝐿 ∝ 𝑇4

𝑃𝐶 ∝ 𝑇2

Progressively smaller area is good

𝑃𝐻3 = 𝑃𝐶3 ∝ 𝐴3

𝑅0 is sub-gap leakage resistance
𝐴𝑐ℎ is effective tunneling area/𝐺0

𝛾 =
𝑅0
𝑅𝑇

=
𝐴𝑐ℎ𝑅𝐾
4𝑅𝐴

𝑃𝐿 = 𝑔𝑝ℎ𝐴 𝑇𝑆 − 𝑇𝑁
4

𝐴𝛾 =
4𝛾𝑅𝐴

𝑅𝐾
phenomen. leakage area

Lower 𝑅𝐴 at the cost of high 𝛾 is preferred.
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A good refrigerator is energy efficient too.

Sufficient cooling power:
𝑇𝑁
2

𝑇𝑆
2 ≅
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𝑃𝐻

Maximum heat load: 𝑃𝑖𝑛 = 𝑃𝐶 − 𝑃𝐿
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For small phonon leak (low T or good ph-
filtering:
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Minimization parameters: 𝑣, 𝛾, 𝑔𝑝ℎ, 𝑇𝑆, 𝑇𝑁



The Plan
Δ = 200 𝜇𝑒𝑉

Δ = 450 𝜇𝑒𝑉

Δ = 600 𝜇𝑒𝑉


