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Abstract Escape in the Thermal Regime
Josephson junctions are an essential building block for superconducting electronics N 1.00
and are used, e.g., to form various types of superconducting qubits. Current B Measured escape probability allows to 2000 <
implementations of qubits operate at frequencies on the order of several GHz, calculate escape rate. % 0.75 =
requiring cooling to temperatures well below 300 mK. Our goal is to eliminate these = 0.50 O
requirements by selecting frequencies of about 100 GHz. This not only allows for B Theory of thermal escape enables the & 100 J<
higher .temperatures, but also Increases the qublts. ret5|I|er.1ce to tempe.rfature determination of the junction critical current. 0.25 O
fluctuations. It also reduces the size of the quantum circuit, with the possibility of Tt
higher integration density. ~ 0 0.00
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B In presence of mm-wave radiation,
B Require the use of superconducting materials with the switching current distribution N
a sufficiently large energy gap, like e.g. niobium. 2ANb = 628 GHz displays a double peak structure. LID 110 .
B Require a Josephson junction technology with T e o
a high plasma frequency above 100 GHz. N c
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Escape in the RCSJ-Model

B S-state to R-state switching resembles escape from a
metastable well.

B The incident radiation enhances the
escape rate, when the frequency matches

the energy level spacing in the potential well. wpi/2m = (138.3 £ 0.7) GHz
I, = (258 + 0.3) uA

B Escape by thermal activation or quantum tunneling[1,2].

B Microwave radiation resonantly enhances the escape
rate[2].

Power Dependence

B Measurement of the power dependence exhibits two coexisting branches.
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C o) 0+ 5(3) 0+ 5 (sind — I/ L) +Ip(t) =0 B Comparison to quantum model of effective barrier suppression[3]. The suppression is
particularly strong, if the resonance condition is fullfilled.
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B There is a critical power level, above which the barrier suppression is so strong that only
the resonant peak is observed.

B Simultaneous fit at different frequencies in harmonic approximation
is used to extract the plasma frequency[4].

Experimental Setup /27 = 145.5 GHz
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are used to determine the lifetime At — J @ 220 220 220 ' E’
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B Repeatedly increase the bias current = 200 "1..\. 200 , 200 %_
through the junction with constant —25 0.0 2.5 u;) e 109.8 GHz = e 108.0 GHz e 106.2 GHz 0.0 &
ramp rate. V (mV) LLl
| [ 10 20 50 100 150 10 20
B Measure time intervall between start of f%_ Pulse MW Power P (arb. unit) MW Power P (arb. unit) MW Power P (arb. unit)
ramp and exceeding of threshold voltage - §z§ ‘

12360 ~5206 " " 2700 2700 | We have measured the switching current distribution in the presence of millimeter(mm)-
AN AN

. Start 1o nter wave radiation at frequencies above 100 GHz and observed clear double-peak structures.
top

across junction. VCeS :
Sample- Filter- N @ e COﬂC'USIOﬂ
PCB PCB i Monit , 2|;;.;<

The data indicates a resonant escape of the phase as well as an irradiation-induced
suppression of the potential barrier.

+2|““‘< These measurements probe the microwave-driven dynamics of Josephson junctions in the
e - CEE L Pt ' previously unstudied millimeter-wave regime. The behavior is well described by existing
theoretical models[3], which are utilized to determine the plasma frequency of the
A Waveguide- Sample investigated samples, which is on the order of 140 GHz [4].
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