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Basic of cooling using superconducting junctions
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Two methods to make SINIS coolers

eE-beam lithography
e Mostly Cu/Al

e Great studies about
physics.
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Our method to make the coolers

Nguyen et.al., APL 2012

eSingle vacuum deposition
eTrilayer, 2 tunnel barriers
o2 steps photolithography

e Chemical wet etch Al and Cu

eSuspended cooled Cu island

heat current

cooler barrier

charge current

Junction size 70x8 um
RN ~1 ()
Optimum current | ~10 pA
Cooling power | ~1 nW
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The role of the drain barrier

IRy (MAQ)

300 -200 -100 0 100
V(uV)
Nguyen et.al., NJP 2013

00

T
300

Cooler barrier

Drain barrier

500 Qum? N/A (no AlMn)
500 Qum? 1mbar
500 Qum? 0.2mbar
500 Qum? 0 mbar

400t

300¢

— 200
100j
O:"x' """" T L I e
0 10 200 300 400
T (mK)

Hung Nguyen, Quy Nhon 2013




A thermal model

N1:kndNV*Ty = —PL(Tw)
N2 : kndnViTy = Pnis(V,Ts,Tn, Rn) — P%(TN)

S1: dsv'(KJSVTS) — INIS(V7 T57TN7RN)V — 7DNIS(V; T57TN7RN)
_PNIS(07T57TD7RD)

S2: dSv-(/{'SVTS) — _PNIS(07T57TD7RD) — PNIS(())TSaTST)RN)

D : kpdpV*Tp = Pn1s(0,Ts,Tp, Rp) — PL (Tp)

ST : kndnV?*Tsr = Pn1s(0,Ts, Tsr, Ry) — Po) (Tst).

Nguyen et.al., NJP 2013
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A thermal model
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The role of the cooler barrier Cooler barrier | Drain barrier
500 Qum? 0.2mbar
2500 Qum? 0.2mbar
5000 Qum? 0.2mbar
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Conclusion

With good quasiparticle trapping, the
SINIS coolers cool from 200 mK to 50 mK
at 400 pW per device!

But there are still quasiparticles to trap.
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