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Superconducting electronics
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Cd rf SQUID
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(") f SQUID flux Qubit

Flux states = Qubit states
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Cd Double SQUID qubit

dc SQUID

Small inductance dc SQUID = Tunable Josephson junction
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Cd Double SQUID qubit: manipulation

Example of qubit manipulation
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Q Double SQUID: gradiometric configuration

Double gradiometricity:
- Reduction of noise pick-up
- Reduction of fluxes cross-coupling

Double SQUID Gradiometric large loop Double gradiometricity
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Q Double SQUID qubit: the device

Double gradiometricity Nb/AlOX/Nb Different samples
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Cd Double SQUID characteristics
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Cd Double SQUID characteristics
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Q Non ideal behaviour

Non-ideal behaviour:
Visible near the cusp at low temperature (20mK).

Due to junctions asymmetry (J1+£J2)
and non zero small inductance (/=0)
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Double SQUID:

Catastrophe theory mm) Excellent and flexible

catastrophe machine

Zeeman, “Catastrophe Theory”, Scientific American 4, 65 (1976)



C.d Catastrophe Theory

Zeeman, “Catastrophe Theory”, Scientific American 4, 65 (1976)
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* Model of aggression (fear-rage)

 Human behavior (anxiety-frustration)

» Stock market (demand-speculation)

* Anorexia nervosa (hunger-abnormality)

» War policy (cost-threat)

 Optics (rainbow, swimming-pool caustic networks)
* Phase transitions

« Effects in colliding storage rings

« Symmetry breaking

» Electromagnetic Induced Transparency, slow-light
* Black holes

» Bose Einstein Condensates

* Image analysis
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rf SQUID “phase” qubit
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Cd Improvements: flux trapping circuit

-Problem:
-double SQUID very sensitive to small fluxes
small control signal = weak coupling = coherence ©
large (®,/2) bias required — strong coupling = decoherence ®

-Solution:
-superconducting trapping circuit for the constant bias
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Trapping circuit
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-Constant supercurrent /trapped in the circuit with no external bias



Fﬁ Improvements: flux trapping circuit

Current
Large i ‘ c) | Large
Ib L M junction . K = “junction
=3 Qe /\ Inductance L :
readout - = ~
P x I dcSQUID™~.__  Large

gradiometric |
inductance

dc SQUID
junctions -

Trapping circuit

: .' '——JI—:_ o~ 100 ] 6
= : . 3 14 2
S ! < 50 1 s
on ! 5 ' 12 &
8 : (] - o)
] I =~ E -
Bl = B ' 5 0 10 2
.- — — Q N m
] —— i
L= 1 D-D B ﬁ
— . £ | |2 %
. Bias current I = -50 ] ’é\
: —_— — -
S — = - —-4 2
Q
= I ]
5 -100f 1

100 50 0 50 100
Bias current (ULA)




@ Improvements: Tunable Josephson device

Improvement of the tunable element:

Critical current /,
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(} Improvements: Tunable Josephson device
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Cd Coupling/entanglement of flux qubits

Qubat A

O

CQubit B

Qubat A

Tunable
Transformer

CQubit B

Coupling of two qubits by a
superconducting transformer

Switchable Coupling of two qubits
by a tunable superconducting
transformer
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Switchable coupling

\ﬂ

Tunable transformer tested at 4.2K
Measured On/Off ratio ~ 40
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Cd RSFQ quantum computing

* Rapid Single Flux Quantum (RSFQ) logic: well developed ultrafast (~100GHz) classical
digital logic based on Josephson devices and single flux quanta

* Ideal for the control of Josephson qubits

SRS

gy T R
Ll ",II‘Z;"NHZ‘II.‘ Z'I,Z ZIZ.ILL.‘Z ZZ'."-\,IZI:-'
I AU AR (A R [ 'ZZZZZiZiZZZZZZ..i"\?';;;;t"%’ll...L.k.;f;-‘i\%"ligZZiZiZ;;;;ZiZZZZZZiZiZZZ
::.input:::::::::::::::::::::::::: AU DA I S S ZZZZZiZiZZZZZZiZiZZOZiZiZZZZ1ZiZZZZiZiZZZZiZiZZZZZZiZiZZZ
ZZIZ."ZCIZIZZ'ZIZIZZZIZI""'ZIZZZZZIZZZZZIZIZZZZIZI'...Z.Z.Z.Z.ZIZZZZZZIZIZZZZZZIZIZZZZ"IZZ"IZIZZZZIZIZZZZIZIZZZZZZIZIZZZ
S0 HSSSNE ;;5555@555555




Cd RSFQ quantum computing
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Cd RSFQ control of a double SQUID qubit

- Devices tested at 300mK

Barrier enhanced by the TFF state “0”
System remains in left state.
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f'\ j Conclusions

e The double SQUID qubit

©: manipulation, readout, large scale integration
@ : insulation from the environment, decoherence

Technological improvements...

 Catastrophe theory

No applications, but conceptually very interesting

e Improvements

Superconducting trapping circuit

Three junctions switch for noise reduction

« Couplings

Switchable transformer works

e RSFQ

Interface between classical and quantum electronics
First encouraging results

. g
Wowjuuitsallftogether
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