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(0) (b)

FIG. 1. Schematic (a) cross section and (b) top view of the sil-
icon transistor with continuous upper gate and a gap in the
lower gate. The electron gas, formed in the Si by the positively
biased upper gate, is confined by the lower gate. The Si is p-
type, so the surface electrons are isolated from the bulk by p-n
junctions. That is why the electron-rich region is called an in-
versnpn layer. The cross section is roughly to scale, but the top
view is not. The narrow channel is typically 20 am wide by
1-10 um long. Contact is made to the two wide inversion re-
gions.
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One-Dimen::onal Mott Insulator Formed by Quantum Vortices in Josephson Junction Arrays

Alexander van Oudenaarden and J. E. Mooij
Department of Applid_?hys.ics and Delft Institute of Micro-elecironics and Submicron-technology (DIMES),
Delft University of Technology, P.O. Box 5046, 2600 GA Delft, The Netherlands
{Received 26 February 1996)

The quantum trassport of vortices in very long and narow armays of small Josephson junctions has
been sludued experimentally. The chemical potential of the system can be changed I:; an externat
magnetic ﬁeld. \\ﬂm the vortex density is commensurate with the one-dimensional junction lattice, the
vortex mobility vanishes for a finite window of the magnetic ficld. The localization of the vortices is

due 10 the forming of a one-dimensional Mott insulator.

PACS numbers: 74.50.-+r, 05.30Jp
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FIG. 3. The normalized resistance Ro/R. as a function of
the one-dimensional frustration » for samples A, B, and C
(T = 30 mK) around the one-dimensional commensurate state
ne = 1/3. The curves for samples B and C have an offset in
Re/R, of 0.1 and 0.2, respectively, which is proportional \o the
relstive increase of Eq/E; for samples B and C. In this way the
phase diagram can be constructed. The dashed lines indicate
the phase boundary between the conducting phase and the Mott

insulating phase.
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FIG. 4. The range An for which the vortices form a Mot
insulator as a function of the temperature. Note that An is of
the order of 1072, which comesponds to a magnetic induction
B of only 1072 G.
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FIG. 2. The normalized resistance Ro/R. as a function of the
one-dimensional frustration a for sample C (Td = 30:“13. The

istance drops sharply to zero at the onec-dimensi com-
e y In the inset the [-V charscteristics

are shown for & commensurate filling » = 1/3 and an incom-

mensurate stae a = 1/3.
mensurate filling a = 0.340 for sample C.
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(d) (continued)

Crystal structure of some quasi one dimensional conductors. (a) TTF-TCNQ, 1 view normai
to the ac plane of the crystal packing (top), a view down [100] of the crvstal packing
(bottom), (after reference {2.10]). (6) HMTSF-TCNQ, a view projected along the ~igh
conduction axis (top) and along the b-axis (bottom) (after [2.12]). (¢) (T'TF)B: e
viewed down the c-axis (top) and down the b-axis (bottom) (after: La PrLaca, = I,
CorrieLp, P. W. R, THoMas, R., and ScotT, B. A, 1973, Solid St. Commun., 17, 633).

(d) (TMTSF),PF, viewed along the a-axis (top) and snde viewed tilted 10" (bottom)
(after [2.11)).
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Effect of electron irradiation on the superconducting transition of (TMTSF),PF (after [46]).
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The phase diagram of (TMTSF),AsF,. The inset shows the re-entrance of the super-
conducting state below the SDW state (after [16]).
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FIG. 3. Wave-vector dispersions of intrasubband and inter-
subband excitations of a 1D electron gas in the quantum Itmit.

Solid dots represent intrasubband collective CDE’s and SDE's.

Open circles display the position of the peak at hque of in-
trasubband SPE's. Squares.correspond to data of 1D intersub-
band CDE’s measured in VV polarization. The shaded areas
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Fig. 1.-— Resistivity vs. nempenwxe for representatives of (TMTTF )X and (TMTSF )X series. After

[3) and (11].
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Figure 14 (a) Pressure dependence of the spin susceptibility x ~ (7,7) '* from

NMR data. (From Ref. 41b.) (b) Constant-pressure and constant-volume femper-
* ature dependences of the resistivity of (TMTSF).AsF, derived point by point from
the constant-pressure data of Fig. 12. The lattice parameters are from Ref. 33 and
the pressure coefficient of the conductivity from Ref. 57.
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