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The Kondo Effect i ina
Smgle-Electron Transistor

David Goldhaber-Gordon, MIT /oy, 4

Collaborators:

Weizmann Institute, Israel MIT

Hadas Shtrikman David Abusch-Magder
Diana Mahalu Marc Kastner

Udi Meirav Joern Goeres

Theoretical background: Ned Wingreen and Yigal Meir



The Bulk Kondo Effect

Normal Metal Magnetic Impurities

6.0

4.0

1.0+

20

L0 1 L 1 |
. s :

TI=R!
Magnetic impurities: R T again at low T
Bond between localized and mobile electrons



‘Reduced T

Bond
formation




apensqng syeo

oG 10 wnuen() (B8]



Artificial atom as Kbhdo impd‘rity

e Anderson Hamiltonian:

Electron droplet/
Leads / Metal Impurity atom
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Charging energy Tunneling

Ng & Lee, Glazman & Raikh '88



Consequences
* Have seen all predicted aspects of Kondo

effect in an SET

* Anderson model works remarkably well for
SETs |

* Exploring regimes inaccessible in bulk



The Single-Electron Transistor
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 An artificial atom coupled to leads

e Current turns on and then off each time an
electron is added: Coulomb blockade
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Important energy scales

N, ground state : -
-> N+1 excited

Ag

: N -> N+1

U

s =l

e Want I" >> kT, I/Ae < 1 --> need small AA
* How is I" tuned?
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Schematic Data
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Vg (mV)

Kondo effect pronounced

Kondo effect suppressed

Vg (mV)
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- Ralph |

— Tunneling through single magnetic impurity
« Crommie

— STM study of Co atoms on Au

« Cronenwett, Oosterkamp, Kouwenhoven
— SET study of B field splitting

+ Schmid et al.
° S'\mm&l d‘ w\.
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U 1.9meV

I 0.2to 0.3 meV

Ae 0.4 meV

gg ['t0-8T

kT 0.008 meV to 0.3 meV
kT, 0.003 meV to 0.25 meV
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Varying g, and T in an SET
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* Scaled G(T) in Kondo regime
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s /T =-074, I'=280pev ° )
° f()/r =-0.91 a
@ C[}/P =-1.08

¢/ =-098, ['=215 peV

= ¢g/I' =-1.00, NRG results
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* Matches NRG calculations

g

Costi,

| Hewson



L

Variation of Kondo Temperature
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Contributions

Smallest lateral quantum dots in GaAs
10-year search for Kondo in an SET over

Experiment probes regimes of Anderson
model new to experiment and theory

Physics of strongly-coupled SETs still holds
interesting puzzles and surprises



Spin 1in a Quantum Dot

David Goldhaber-Gordon
Harvard University

Collaborators:

Harvard Dave Duncan UCSB Kevin Maranowski
Robert Westervelt Art Gossard
Yuval Oreg

MIT Joern Goeres Weizmann Udi Meirav
Marc Kastner Hadas Shtrikman

Diana Mahalu
Thanks to: Bert Halperin, Charlie Marcus, Piet Brouwer,
Philippe Jacquod, Harold Baranger
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Simple limiting cases
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« Noninteracting * Interacting plus degeneracies
— Double filling — Exchange
— Alternating T, 4 — Hund’s rules align spin

27



Real situation

* No evidence for spin degeneracy, double
filling 1n typical lateral dots

« Competition between level spacing and
Interactions

* This work: double filling in small, high-
density dots

14
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Where from here?

« Spin is a useful tool for probing state filling
 Are single-particle/mean field pictures good
enough?

« What parameters drive crossover from
simple double occupancy to more complex
arrangements (see next talk)



