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INTRODUCTION
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INTRODUCTION

ELECTRICAL OSCILLATOR
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OUTLINE

Josephson Junction
— Non-dissipative , non-linear circuit element

RF biased Josephson Junction
— Driven, non-linear oscillator
— Metastable states; transitions
— Quantum regime

Applications




JOSEPHSON TUNNEL JUNCTION
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DC CURRENT BIAS
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RF DRIVEN NON-LINEAR OSCILLATOR
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TWO DYNAMICAL STATES
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THE REFLECTION EXPERIMENT
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ENVIRONMENT

50 OHM CHARACTERISTIC IMPEDANCE



MINIMIZING NOISE
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MINIMIZING NOISE
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JUNCTION + MICROWAVE CAPACITOR

15 nm Ti
35 nm Cr

1000 nm Cu

20 nm Cr
Silicon Substrate

Al/ALO /A

METALLIC :
Junction (1 pA, 0.330 nH)

UNDERLAYER




NON-LINEAR RESONANCE
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HYSTERESIS AND BISTABILITY
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TRANSITION RATES
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State 0 Probability

MEASURING ESCAPE TEMPERATURE
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MEASURING ESCAPE TEMPERATURE
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QUANTUM REGIME
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Good agreement with quantum activation theory

Need higher oscillator frequencies

Marthaler et. al. arXiv:cond-mat/0602288
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JOSEPHSON BIFURCATION AMPLIFIER
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QUBIT READOUT
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NON-LINEAR CAVITY RESONATORS

Superconducting Nb 1D cavity (1-10GHz)
AI-AlO-Al junction (1,~0.5-5 nA)
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See the following talks later today for more details:

W39.0002 (Vladimir Manucharyan , 2.42 pm , Room 342)
W39.0003 (Etienne Boaknin, 2.54 pm , Room 342)
W39.0004 (Michael Metcalfe, 5.06 pm , Room 342)



CONCLUSIONS

WELL CONTROLLED NON-LINEAR [
OSCILLATOR AT GHz FREQUENCIES
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SLIDES AFTER THIS ARE ADDITIONAL



DC CURRENT BIAS II: Metastability & Switching
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DC CURRENT BIAS Ill: Macroscopic Quantum
Tunneling (MQT)
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“SOFTENING” POTENTIAL
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* For o<w,, weak drive = off resonance
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PHASE DIAGRAM:
EXP & THY
IN GOOD
AGREEMENT

All parameters in prediction
measured experimentally!

Siddigi. et al, PRL. 94, 027005 (2005)
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QUBIT + JBA CHIP

WRITE PORT

READ PORT
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