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Charge density wave
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(c) Energy

Peierls transition

it is possible to lower the electronic energy of a 1D system by opening a gap at
the Fermi level from the coupling of a 2k, wave vector with the underlying
lattice.The introduction of a periodic potential due to atomic displacement
having the periodicity of 21t /2k; introduces a new Brillouin zone at TkF; that
consequently opens a band gap at &;. For 1D systems the energy cost in
distortion is always lower than the gain in electronic energy, making the

transition favourable.
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/" COLLECTIVE ELECTRONTRANSPORT OFTHE CDW
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The states with current flow if the energy gap is displaced with the
electrons and remains attached to the Femi surface. There is no state

available for relaxing energy. Such motion is without dissipation and

Frohlich superconductivity (1957)

the compound in principle may become superconducting.
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4 Two Peierls transitions:

T,,= 144K and T;,= 59K
Q, = (0,0.241b*,0) — chain of III type
Q, = (0.5, 0.260b*, 0.5) — chain of I type
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CDW chain direction [ (

Problems in sliding of low-T CDW in NbSe,

1In convention measurement configuration

Ie1t=]N+ICDW
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Low temperature problems:

CDW can not slide at lowT?

Joule heating?
Influence of co-directional normal carriers current?
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ANSWER:

slippage

-

4 QUESTION: Is it possible another way to produce electric field? N

HALL ELECTRIC FIELD:
current directed transverse the chain + perpendicular magnetic field

No direct impact of magnetic field on the CDW /

CDW chain direction

YES

Hall electric field is oriented along the chains b-
axis. Since the circuit is open along the b-axis,
the depinning of the collective CDW current at
E, >E is compensated by a counter-current of
normal carriers.The zero-sum loop of these two
currents is closed by periodic phase slip
processes giving rise to spontaneous coherent
oscillations.The appearance of the normal
countercurrent gives rise to a secondary Hall
voltage,V*, which is directly proportional to
the CDW current.
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Electron lithography
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4 How it looks in experiment?
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MEASURED IV RECALCULATED IV
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CONCLUSION 1:

We have a new method for measuring IV curves in
samples with ultra-short length.

What does it give us?




Conductivity of the CDW

To compare different Compounds
and samples — effective
conductivity: 0*cpw = jepw/ (E-Ey)
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What happens when we are reducing
the width of structures (length of
the CDW chains)?

4

TWO SIZE EFFECTS
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100*[R(0.5)-R(0))/R(0)

Similar effect in graphite

3 2 week ending
PRL 99, 216601 (2007) PHYSICAL REVIEW LETTERS 23 NOVEMBER 2007

Sample-Size Effects in the Magnetoresistance of Graphite
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The same T—dependence
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. when the sample size is of the order or smaller than the Fermi wavelength or mean free
path, the classical Boltzmann transport theory becomes gradually not valid ...”

“... When the mean free path of the electrons is of the order or larger than the platelets size,
then electrons reflect and are being transmitted coherently at the borders of the platelets and

quantum currents circulate creating Hall-like potentials.”




Abrikosov extreme quantum state
A.A. Abrikosov, ].Phys.A (2003); PRB (1998), PRB (1999)
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The conditions: At QT>>1 perpendicular to the field resistivity:
e\’ eHh Scattering leads increase of
n, <<|— T <<— p~N-! S
hc m c conduct1v1ty

18 -3
n,,~10"cm
’ eBh

" ~107" ~~ —42K at B=031T
NbSe3—> m =107 m, k.
Qrt~1at H=0.03 T

Estimation of mean free path for NbSe; at T=4 K, m*= 0.24 and v=2.7x10" cm/c,
and mobility 3x10° cm?/Vc (b-axis), 2x10* cm?/Vc (c-axis) gives ~20 um b-axis)
and ~1.0 um (c-axis). Drop of MR starts from 1-1.5 um.

/




e

2. Appearance of magnetic field dependence of the threshold electric
field for the CDW sliding with decrease of w.

w=0.8 um
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2. Appearance of magnetic field dependence of the threshold electric
field for the CDW sliding with decrease of w.

w=0.8 um
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Convention picture

exx)O eXX<0

The CDW will start to move when the maximum stress X_ at the electrodes
will overcome. X depends on the surface condition, the contact geometry
and the nature of CDW-metal interface of the electrode.

Conversion between sliding CDW and strong pinning at the electrodes
proceeds through a phase slip (PS). L. Gor kov (1984)
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In our conﬁguration phase slip needs

corresponding CDW edge deformation also .
What is the result?
>0 ey x<0

Space deformation of the CDW
leads charge excitation
d@/dx —> 0q

In quantum magnetic field each charge 1s localized on the
Larmor orbit. For NbSe; R;=0.4 pm at B=1T




Possible explanation

wide bridge narrow bridge

~ S NN S

weak field

strong field

CDW edge

deformation

mmmmm) Characteristic size ~ 1.2+ 1.4 um

more than 500 times less

What is happening at overlapping of Larmor orbits?
No CDW deformation — No sliding 277




CONCLUSION
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