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Operation of a 
 solid-state quantum bit

Quantronium superconducting circuit



Why superconductivity ?

All states paired
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Superconducting Condensate
Ground state
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The Josephson junction
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Josephson qubits

Medium-size 
junctions in a loop

Current-biased
large junction

Small junction
in a box geometry
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Josephson qubits

Medium-size 
junctions in a loop
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Current-biased
large junction
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Small junction
in a box geometry

0π + π
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Measuring  the Cooper pair box

Cg

V

0 1
-2

-1

0

1

2

T=20 mK

CgU/(2e)

EXP.
TH.

EJ/Ec=0.3

� �

�

. .� � �

�����FKDUJH�RI�JURXQG�VWDWH
�%RXFKLDW�HW�DO���4XDQWURQLFV��

0 0

2e

Q

0

Charge noise!

�����FRKHUHQW�VXSHUSRVLWLRQV
�1DNDPXUD��3DVKNLQ�	�7VDL��1(&�

0 1α β+

t

U(t)

Evolution
time



0
1 0/1

U1

decoherence and readout

environnement



decoherence and readout

qubit
readout through X

fluctuating environment
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Signal :

Dephasing :

Readout + environment

Move adiabatically then readout 
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 State manipulation using the
charge port

EJ

Iφ

δ ∝ φEc
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Write: 
apply U(t)
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Rabi precession

Bloch sphere 
representation in 
the rotating frame

ωRabi = α URF

Microwave drive at

�νµw ≈ ν01
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Decoherence and readout

But how  ?
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Preparation and ideal readout
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qp trap

box

large junction

V

URF UDC

1 pF

500 Ω

Implementation

20 mK



Experimental set-up

Dilution fridge
20 mK

p.c.b.

chip



Level spectroscopy
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1 pulse: quantum state manipulation 

0.0 0.5 1.0
30

35

40

45

50

55

 

 

sw
itc

hi
ng

 p
ro

ba
bi

lit
y 

(%
)

RF pulse duration τ (µs)

νRF = 16430.05 MHz
Aµw = 12 µVURWDWLRQ

ωRabi = αURF

0

UHDGRXW

 

 

 

 

 

τ
UR
F

Rabi oscillations



µw amplitude dependence of Rabi frequency
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Measurement of the relaxation time

qubit
relaxation

excitation of the 
environmemt
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2 pulses: Ramsey interferences
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Measurement of the coherence time
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1qubit : full manipulation

Z  rotation :

X Y rotations
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1qubit   2 qubit gates

0 1 1 0↔
interaction

sw ap ,   swap



1qubit   2 qubit gates   processor
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Q=25000



TRY...
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NEEDED :

-  x100 coherence time

-  quantum gates

-  high fidelity readout(s)

1qubit   2 qubit gates   processor
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