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Nano devices
for single photon source and qubit
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Outline

Part |. Solid state source of single photon
1. Acousto-electric single photon source: 2DEG
2. Future plan with nanotube and nanowire

Part II. Qubit
1. Superconducting qubit
2. Future plan: qubit with CNT and molecules



Part |. Solid state source of single photon



Single Photon Source

[Ref. I. Abram, CNRS, France |

WHY?

 Attenuated laser pulses have Poisson statistics.
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(security hazards)

* Truly single photon trains
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Better efficiency and better security.




Single photon sources (so far reported)

gpatial 2. coh. Intensity  temperature
» Parametric downconversion good 107/s (10 mW) room
e Atomic micro-maser good (0.17) --- 1K
* NC diamond color center bad 0.13 2:10%s room
e Single molecules bad 0.27  5:10%s room
* Turnstile device bad 107/s 50 mK
e Quantum dots bad <0.07 8-:10's 5K

Ref. Michael M. Petersen (NBI)



Single-photon turnstile device

[Kimet. al., Semicond. Sci. Tech., 13, 8A, Stanford, 1998]

Simultaneous Coulomb blockade for electrons and holes in a p-n junction
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Semiconductor guantum dots

[Yuan et. al., Science, 295, Cambridge, 2002]

A nohmic  aperture contact metal

p-ahmic n+ Gafds
contact

substrate/bufier

| f 1
p+ GaAs InAs quantum insulator
daot Eyer

p-i-n diode containing
INAs quantum dots
on a GaAs substrate.



Acousto-electric single-photon source
[Cambridge group (PRA 62, 01183, 2000)]

2DEG n-I-p junction

e

split gate




Polarized single photon




Principle of adiabatic

single electron pumping
[Altshuler and Glazman, Science(1999)]

electric potential  U(x/A-f1)

1D metal

adiabatic pumping

DC current, | = ef




SAW-induced electric potential
(SAW=surface acoustic wave)

SAW transducer

Electric potential

U(X/A-f1)
‘A/:Q Vv

f=2.88 GHz for A =1 um

Piezoelectric' substrate (GaAs, LINbO,)



SAWPHOTON (Project IST-2000-26020, QIPC)
INBI, Cavendish lab., Scuola Nomale Superiore, Toshiba Europe]

mesa with
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Cross section

AlGaAs Si donors

Gads Quantum Wire Side-gate
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HCO103-92-30122-2E
2464.1256MHz /T=1.5K
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error of ef = 25 ppm
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Vg (mV)
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Problems to be solved
- Electron injection rate > e-h recombination rate
(300 ps) (1000 ps for GaAs)

e Slow down the single electron injection rate




PHYSICAL REVIEW A, VOLUME 62, 011803iR)
High-frequency acousto-electric single-photon source

C. L. Foden,! V. I Talyanskii.” G. 1. Milburn.” M. L. Leadbeater.! and M. Pepper'-
'\ Cambridee Research Laboratory, Toshiba Research Enrope Ltd., 260 Cambridge Science Park,
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Preliminary results (NBIl & KRISS)
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vV, (mV)

d2I/dVSDdVG of the Sample 2EI (diff. wrt A done by weighted-averaging over 4 datapoints)

(AC excitation : dVSD
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Problems to be solved

- difficult to cool down below 1 K due to high rf power

2DEG on top of LINbO,
(NBI & KRISS)



SAW 1D

| = ef

SAW detector

/

V4

SAW transducer

Nanotube/
Nanowire

f=v/A, v=2.8km/s

l.e.,, f=2.88 GHz for A=1 um = 1=ef=0.46 nA



SAW

1D pn

SAW
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Part Il. Qubit
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NMR
Trapped lons

/ qubits (MIT)
4 qubits (NIST)

Photons 3 qubits (ENS Paris)
4 . |
Cooper pair 2 qubit (NEC, Saclay, Chalmers)
Flux qubit 2 qubit (Delft)
Quntum dot 1 qubit
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Single Cooper pair box
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Single superconducting Qubit

Box
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Single Cooper-pair transistor (SCT)
Current bias mode

E.~ 30 xeV
E;~ 30 weV
Ay ~ 800 peV
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Superconducting qubits

# of qubits Qubit type Read out T,
NEC 2 charge gp tunneling ~10ns
Chalmers 1 charge rf SET ~ 10 ns
Saclay 1 charge+phase JJ ~ 500 ns
Delft 1 phase SQUID ?

KRISS 1(?) charge SET (Bloch transistor) ?




Multiple quantum dots on CNT

Why Carbon Nanotube ?

Ideal 1 D quantum conductor
— ballistic, long coherent length
— relatively easy to fabricate

()







Fano resonance In crossed CNTs

ditey (us)




Spin qubit with a molecular magnet ?

Magnetic Protein
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Measurement of spin state
by injecting spin polarized electron
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Gate

"IN

Au nanoparticle Au electrode
SAM~.
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difidV (pS)

70

B0

Au nanoparticle

— 40E

OE ~ 2n2h2lmk:-V
~ 1- 2 meV

(diameter = 8-10 nm)



Nano-Fabrication Facilities
E-beam lithograph

Evaporator

e Clean room facilities: PR fab process, Si-based device fab
e Chemical synthesis: nano-particle, nano-tube, nano-wire etc.



Measurement Facilities

Dilution refrigerator _ UHV SPM

L
* II

e We are now attaching rf components to the dilution refrigerator
e We have a plan to attach photon detector to a dilution refrigerator (KBSI)



Summary

Part |. Solid state source of single photon
1. Acousto-electric single photon source: 2DEG
2. Future plan with nanotube and nanowire

Part II. Qubit
1. Superconducting qubit
2. Future plan: qubit with CNT and molecules



	Single-photon turnstile device

