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Table 1. Sample parameters and literature values for thermal boundary resistance. Here, A is the area of a tunnel junction, d is the diameter of the subchip,
Ra = RyA is the characteristic junction resistance, and Rr is the junction resistance. Thermal resistance prefactors (o) are the values obtained from the fits of Fig. 2,
whereas aapum and apuy correspond to theoretical Rprg (35).

Sample A d Ra=R{A Max cooling Max cooling

pm? pm Qum? K*;LW KU;::% &l;rmr % mK
51 2.0/137* 300 538 4.5 = = 15 (@ 140 mK) 22 (@ 166 mK)

*Sample S1 had silicon oxide between leads and subchip, and therefore, the effective area of the phononic heat contact, 137 um?, is larger than the junction
area 2.0 um>.
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Conclusions

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

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

3. Above 500 mK, a superconductor with larger A is required.
Vandilium.
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Progressively smaller area is good
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R, is sub-gap leakage resistance
0 sap feakas T=0.5 K, gor=16 W/m?K

A,y is effective tunneling area/G,
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A good refrigerator is energy efficient too.

Sufficient cooling power:
Ty _ Pc

Té Py
Maximum heat load: P, = P — P,

An-1 _ PyTy
Ap - PinTS2

a =

0 = al/ log(,l’l:—;)

For small phonon leak (low T or good ph-
filtering:
_ PuTy
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T
ot — ot/ 108(75)

al

Minimization parameters: v,y, gyn, Ts, Ty
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n ogn(W/m?K) A B A B A B |A B

1 40 32 90 5 5 0.88 094 598 571
2 40 8 17 2 16 094 098 196 161
3 160 1 1 08 06 096 098 89 91




