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Single Electron Box
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Small tunnel junction in series sl — =0
with gate capacitance . — n=2
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Energy cost of adding one 01
electron to island is E_= 0 Sl
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Average number of electrons in
island is step like function




Superconducting Single
Electron Box

Odd n costs an extra energy
A

Even n costs no additional
energy

Number of excess Cooper
Pairs -> binary levels 0 and 1

Coherent superposition
demonstrated(Nakamura in
Science April 99)
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1 Qubit gate
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The RF-SET - a very fast
SET

« DC SET too slow

e RF-SET ->use SET as
dissipative element of a
resonant circuit

* Monitor microwave power
reflected from resonant circuit

Reflected Power is a function
of the dynamic resistance
which in turn depends on the
charge coupled to the gate

 Bandwidth of 3MHz with
resolution of 7x107e/Hz1/2
demonstrated (Chalmers

group)



Experimental layout

* New dilution refrigerator built
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LRF-SET 4:RF-SET 2:Voltage pulse 3:Current
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0 o o T & * Wiring completed
Miteq
* Great care was taken heat sinking
oo coaxial lines
I ol Il e * DC blocks and attenuators

* CPW structures on sapphire to
heat sink RF coaxes

* Lossy Cu-Ni coaxes for DC lines

75mK
stage

* Nb coaxes for RF lines below still

* Refrigerator reached 12 mK
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Pulse Gate




Tank circuit and
waveguides

Tank circuit 070803-1739
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* RF-SET Tank circuit and waveguides fabricated with Al/Ti/Au
Structures with Tc~ 530 mK

» Quartz substrate
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Measuring the Box

( 1 200HZ) LO

e Compensate for cross-
capacitance ] bC

J Ramp the box gate iMixer

N—O—

* “uncompensated” signal RF
due to electron jumps F}

into the box . |
Pulse 5 ! J)( >K' ddd

e Pulse when “operating
the box”

Compens. Offset



Measured Staircase

Fast2estair
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Spectroscopy
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Spectroscopy

Spectroscopy data
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Staircase with pulses

Pulses, dt= 570ps, tr=31.8ns
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First oscillations

Amplitude(arb. units)
L o -

'
N
T

'
w
T

A

100

200 300 400 500
T(ps)

600

700

800



APl

72!
=
(=
© pumy
~
)
—
® pumy

More osc

=y

=
.br.f

B d

2000

500

A ot e

2500

1500

1000

tps)




More oscillations
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Simple Simulation




Simulation by
Korotkov an
Hristov.

Period of
oscillations
much longer

“Half step”

Again frequency
of oscillations
increases when
going away
form degeneracy
point




Relaxation Time
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