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Outline

* 2D metal-insulator transition (MIT) in electron and hole
systems. experimental features and puzzles

*theMIT occursat low carrier dendities, in the regime where
both disorder and electron-electron interactions are strong
( —» glassy ordering???)

» we employ a combination of transport and resistance
noise measurementsto probe the glassy behavior in a
2D electron system in S MOSFETs

2D metal-insulator transition in Si:
melting of the Coulomb glass
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“dynamical scaling”:
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« origin of the small energy scale T,?
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Scaling of low-field magnetoconductivity:
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» smilar behavior observed in a variety of other 2D eledron
and hole systems but “best” in S

* experiments other than macroscopic transport:
mesoscopic, compressibility, thermopower, magnetization
= NONMonotonic, qualitative changes near theMIT
BUT:
* no generally accepted microscopic description of the metallic

phase and theMIT (or “MI1T"?)
* need something else

* noise provides complementary information and a clear evidence
for a (glas9 transition
* also: what isthe nature of the insulator?
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From theinsulating side (low ny): an electron glass?

* disorder —= nonuniform density

* Coulomb repulsion

uniform density

m=m=)> Frustration!
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* emergence of (exponentially!) many states
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* phasetransition?

J\/\/ configuration space

* glassy behavior deep in theinsulator (Coulomb glass)
(numerical studies: Efros& Shklovskii; Pollak)

* experimental signature of glassiness: dynamics,
dramatic dowing down, history dependence

===) USeresistance noiseto probe glassy dynamics
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Si MOSFET devices:

e disorder dueto (Na*) ionsrandomly
Gate Vg distributed throughout the oxide
d/’ . (frozen out below [1100K), and to
2, surface roughness
. e “peak mobility” at 4.2 K —rough
measure of disorder

1. high disorder
(from IBM, Yorktown Heights):
\ e poly-Si gates, sef-aligned ion-

2D layer

p—type Si

>~ -Veub
bu implanted contacts
e d,=50nm, N,[®x10*cm-3
. » samplelength 1 pm, width 90 pum,
2. low d'SF’fdef but also Hall bars
(from Groningen/Delft): « peak mobility 600 cm?Vsat 4.2 K

e peak mobility 25,000 cm?/Vsat 4.2 K

e Al gateswith submicron gaps near contacts

e d,=147nm, N,[110*cm™3

e Hall bar sample with the 120x50 pm?
central part

L ow-mobility (high disorder) St MOSFETs

stherelative fluctuations
are of the order of 100%
at lowngand T

R Ve NI e b T=0.13 K

*noise deaeases with
increasngngand T

* non-Gaussan

(o—<o>)/<o>

sthe character of the noise
changesdramatically as
niisvaried: at high n,, the

o varianceno longer varies
with time
. o . . <o> - time-averaged
0 10 20 L3 40 50 conductivity
t(10%s)
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High-mobility (low disorder) S MOSFETSs
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Transport in high-mobility (low disorder) S MOSFETs
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Transport in low-mobility (high disorder) S MOSFETs
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Resistance noise and power spectra in high-mobility
(low disorder) S MOSFETSs
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Sewond spedrum —“noise of the noise”
(Vossk Clarke, Restle& Weissnan, Seidler & Solin)

» S(f,,f): power spedrum of the fluctuations of S;(f) with time

(fourth-order noise statistic)

“fm \'“N\"\N\’" * probes correlations between
N, i fluctuators

ll‘FT Jm #FFT uncorrelated flqctuators
\ I Sm] ] — S(f,,f) white;
Bandpabs correlated fluctuators
integration — S, 0 V1B (non-Gaussan)
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e smilar to spin glasseswith long-range (RKKY) correlations
 adramatic changein S, near ng: S, white—uncorrelated at high
ng S, nonwhite—correlated below n (consistent with
; . . * consistent wi
high-mobility samples: n, e n, [Ing Dobr osavij evié et al.,

*

« low-mobility samples: n, <ny=1.5n. <ng"  pr| 99 0164@ (2003
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Scaling of the second spedra
[measured at f = (f ,2f,)]
10" 10"

a) T=024K by T=0095K
7.=9.0-10"%m-2 n,=6.1 10 em2
. ,o lowdisorder 107 A high disorder
2
o107 Apevey ]
\5‘ AA A 3
- ot 107 ¢
2

3 B 2 mHz
10 ® 4 mHz
f;: 0 8mHz
016 mHz
A32 mHz

10

0.01 0.1 1°0.01 0.1 1

Ll Ve
* no systematic dependenceon f — scaleinvariance
 consistent with the hierarchical picture of glassy dynamics
* rules out interacting two-state systems (droplets, clusters,

defeds, ...) aspossble sources of noise

Slow relaxations and history dependence below n,

Two different coding protocols:
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(low-mobility samples)

1o thefinal conductivities

| (points 3 and 8) obtained
| for thesamen and T

{ using two different

| cooling protocols, differ
by a factor of 2!

01 [

o (e’/h)

0.01

e nonergodic behavior

0.001

n (10"'em™)

What we have learned so far:

* glassy freezing of the 2DES near the metal-insulator transition
inall Si inversion layers

* glasstransition manifested by:
1) asudden and dramatic dowing down of the electron dynamics
2) an abrupt changetothe sort of statistics characteristic of
complicated multistate systems (hierarchical picture)
 thewidth of the metallic glass phase depends on disorder

 evidencefor the 2D MIT asthe melting of an electron glass

Spin or charge?
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* asudden and dramatic
increase of S, arapid
rise of a, and a change
of (1-B) at By(ny) at low
B and ny(B) at high B

glasstransition

at By(ng and ny(B)
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Phase diagram
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[Pastor and Dobrosavljevi¢, PRL 83, 4642
; (1999); Dalidovich and Daobr osavljevi¢, PRB
Global phase dlagr,am 66, 081107 (2002); Dobr osavljevi¢ et al., PRL
(stolen from V. Dobr osavljevi¢) 90, 016402 (2003); Tanaskovi¢ et al., cond-
mat/0303145]
@) @) * (2D) MIT asaMott-Anderson
T : : transition
S Metal Metallic -glassasapreajrsor of MIT
Bl Glass * melting of glasseven at T=0
0] (by quantum fluctuations)
§ * also provides microscopic origin
g of small energy and field scales
w M ott-Anderson near the MIT, and describesthe
M ott Glass metallic T-dependence
Irr:wgator (gapless) * Metallic glassphase:
(hard gap) o(T) - o(0) OT3?2
w=U Disorder/U —» e hierarchical, correlated
dynamics
Physical trajectory: E-~ng U ~nl% W ~const. m8) (E/U) ~ (W/U)*
High-mobility samples, L ow-mobility samples

Conclusions

* glasy/ ordering of the 2DESin S asapreaursor of the MIT
e Coulomb glass

[Bogdanovich, Popovi¢, PRL 88, 23640 (2002);
Jar oszynski, Popovié¢, Klapwijk, PRL 89, 276401 (2002);
Jar oszynski, Popovié, Klapwijk, cond-mat/0302527]

Other systems:

e 1/f* noisein 2D holesin GaAs (much lessdisorder than in Si) —
some similarities but not conclusive
[Leturcq, L' Hote, Tourbot, Mellor, Henini, PRL 90, 076402(2003)]

 J/fenoisein bulk P doped Si:
a hugeincrease of noise and the onset of non-Gaussanity
attheMIT!!

[Kar, Raychaudhuri, Ghosh, cond-mat/0212165
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