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OUTLINE

Lecture |I. Metastable States of the Josephson Junction
» Josephson junction dynamics
* Non-linear Josephson inductance
« DC / RF current biased junction
- metastable states
- escape dynamics
« Bifurcation amplification

Lecture Il: Bifurcation Readout for Superconducting Qubits
* Quantum information and superconducting qubits
* Quantronium qubit
- DC switching readout
- RF bifurcation readout
« Coherence measurements
 Information flow
 Stark shift spectroscopy and relaxation




GENERALIZED FLUX
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JOSEPHSON TUNNEL JUNCTION

\PleﬂZWIel¢l LI’right:lﬂrelgpr

superconductor superconductor Z

barrier

o V o

DC EFFECT AC EFFECT

hod(A d(A
V - ((P):% (Ag)
2e dt dt

» Supercurrent with V=0 » Fixed V, | oscillates
* |, is material dependent (nNA-mA) » Magnitude |, , v=2eV/h (483 MHz/.V)
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THE NON-LINEAR JOSEPHSON INDUCTOR
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THE EQUATION OF MOTION
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DC CURRENT BIAS I: |-V Curve
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DC CURRENT BIAS II: Metastability & Switching
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DC CURRENT BIAS Ill: Macroscopic Quantum
Tunneling (MQT)
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RF CURRENT BIAS I: SOFTENING POTENTIAL
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RF CURRENT BIAS II:
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EXPERIMENTAL SETUP

Challenges

* Fully coherent microwave
measurements

» High speed data acquisition

 Precision circuit design
(remember L, ~ 300pH)
—> special capacitors

 Ultra-low noise wide-band
electronics
- new cryo filters




JUNCTION + MICROWAVE CAPACITOR
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HIGH FREQUENCY CRYOGENIC FILTERING

BUIUD .zi-sory JIOTNISAI

Transmission (dB)

Transmission (dB)

-20

-40

-60

-80

EI':'ii’!ter 1'

i
5 8 2

Frequency (Hz)



RF CURRENT BIAS lll: Plasma Resonance
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STRAY REACTANCES
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PHASE DIAGRAM:

EXP & THY
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 Dark region corresponds to
well-jlumping

* All parameters in prediction
measured experimentally!
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THE DRIVEN PENDULUM
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DYNAMICS OF DYNAMICAL SWITCHING
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SWITCHING HISTOGRAMS
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Vb (1V)

DC vs. AC
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ATTRACTORS
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1-D METAPOTENTIAL
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ESCAPE TEMPERATURE
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JOSEPHSON BIFURCATION AMPLIFIER
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AMPLIFICATION

DEVICE INPUT | OPERATION
CIRCUIT
l Flux L
| SQUID Loo DC Switching
o@rap) —_— V(1) @ (1) p
Flux RF
T SQUID JBA Loop Bifurcation
Single
Quantronium ggic;per DC Switching
V) | 1 Transistor
B — :
I(t Single
I_[x] — v ® Quantronium | Cooper RF
I + JBA Pair Bifurcation

Transistor




SQUID JBA
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SUMMARY

 RF DRIVEN JOSEPHSON JUNCTION
- non-linear plasma resonance
- metastable states
- escape dynamics

« NOVEL QUANTUM SATURATION

 BIFURCATION AMPLIFICATION
- observe predicted sensitivity
- SQUID JBA
- QUBIT READOUT - Next Lecture
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