g ' T11.00008
Ae-entrant Negative Coulomb Dragina 1D

Quantum Circuit

Dominique Laroche'-2, Guillaume Gervais’, Mike Lilly? and John Reno?

1 Department of physics, McGill University
2 Center for Integrated Nanotechnologies, Sandia National Laboratories

March 23t 2011

fl'l Sandia National Laboratories
i MCGlll .

A Department of Energy National Laboratory

Fonds de recherche
Sandia is a multiprogram laboratory operated by Sandia sur la pature

Corporation, a Lockheed Martin Company, et les technologies £3 ==
for the United States Department of Energy’s National Nuclear Quebec
Security Administration
under contract DE-AC04-94AL85000.

DOE / basic energy scien@ g:;ﬂng

Sandia
National
Laboratories


http://images.google.ca/imgres?imgurl=http://3.bp.blogspot.com/_TZ4zYEBSw1I/SPD0ZeKHPjI/AAAAAAAAIQk/Dw7bziTudi0/s320/nano_cint.jpg&imgrefurl=http://nanotechnologytoday.blogspot.com/2008/10/parallel-nano-soldering-technique.html&usg=__T4sQJgTIxv0lAs-bVTnT1xR6Ujw=&h=320&w=320&sz=30&hl=en&start=11&um=1&tbnid=J1_7H8EoNworYM:&tbnh=118&tbnw=118&prev=/images?q=sandia+national+laboratories+CINT&hl=en&um=1
http://www.mcgill.ca/

V
, " ' Motivation

oal : Study electron interactions in 1 dimensional systems

» Address multiple 1D subbands regime

» Electron hole asymmetry

» Luttinger liquid theory

—
Tool : Coulomb Drag measurement f—_l

» Direct probe of electron-electron interactions

How : Independent and vertically-coupled quantum wires

» Direct control of the 1D subband occupancy in each wire
independently

> Smaller inter-wire separation without tunnelling] #:ses asate  acons

« Stronger drag signal ; :/ \

« Stronger coupling between the wires Gans|  fats

« Smaller influence of phonon drag Depth
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ample design and fabrication

» Use 18 nm wide double quantum well heterostructures with a 15 nm barrier.
« Fabricated through an Epoxy-Bound And Stopped-Etch technique’

 Fabricate 4.2 [Um long vertically-coupled quantum wires

Gates design Gates activated
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= . .
., Wires characterization

Fixed UPL =-0.23V
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« Non-ballistic quantum wires

» After substracting a series resistance, even plateau-like features spz
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LPL (V)

Wires characterization

Tracking of the 1D subbands over a large range of gates voltage

Upper wire derivative
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Lower wire derivative

UPL (V)
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} eneral Coulomb drag measurements

\&

rag

I

drive

Measured quantity : transresistance
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Coulomb drag results

« Peaks in the drag signal as 1D Fixed UPL = -0.23V

subbands gets depleted.
(Previously observed by
Debray et. al.’)

» Low-density negative drag
observed when N, < 1
(Previously observed by
Yamamoto et. al.?)
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1st plateau-like feature of the LPL (V)
drag wire

* Re-entrant negative drag at the

» Never observed
r_eviously I'P. Debray et al., J. Phys. Condens. Matter 13, 3389 (2001). Sandia
O MC lll ( : @ National
2M. Yamamoto et al., Science, 313, 204 (2006).
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P ' Coulomb drag results

Fixed UPL =-0.23V

» Peaks in the drag signal as 1D
subbands gets depleted.
(Previously observed by
Debray et. al.’)
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- Re-entrant negative drag at the 26 24 22 20 18 -16 -14 -1.2
1st plateau-like feature of the LPL (V)
drag wire
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O MC lll ¢ : @ National
2M. Yamamoto et al., Science, 313, 204 (2006).

Laboratories


http://www.mcgill.ca/

V
Msistency test for Coulomb drag

low-density negative
-— drag regime

re-entrant negative
drag regime —=

positive drag
- regime

0 5 10 15
Current (nA)

 Linear with drive current

 Drag resistance is independent of frequency

* No DC response is measured in the drag wire while -
’{5 McGall sending an AC drive current @ National
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V
g 'Mapping of the Coulomb drag

Zoom on re-entrant negative Coulomb c
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» Features in the drag signal can be tracked over large range of gate voltze

* Line up with subband occupancy mapping of the wires
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terpretation of re-entrant negative drag

» Low-density negative drag : heuristically attributed to Wigner crystallizatior

* Re-entrant negative drag occurs at density too high for typical

Wigner crystallization

* Possible explanations :

» Gate-dependent enhancement of electron-hole
asymmetry coupled with non-monotonic increase in
transmission probability of electrons along wire.'

» Local hole-like dispersion relation in the quantum
wires band structure
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L
#- Conclusion and future plans

First vertically coupled quantum wires with :

» Independent control over subbands occupancy

» Independent contacts to each wire

Coulomb drag measurements

» Study drag with multiple 1D subbands regime

» Reproduce qualitatively other 1D drag experiments

» Observe a new re-entrant negative drag regime at high density
Future plans

» Measure temperature dependence of Coulomb drag in vertical
structures
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* Measure Coulomb drag in devices with a smaller interwire @
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;I %neral Coulomb drag measurements

Measured quantity : transresistance
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