
Nonequilibrium Transport in Electron Glasses

Dr. Zvi Ovadyahu, KITP & Hebrew University (KITP Glassy States Program 5/14/03) 1

Non-equilibrium transport in Electron Glasses

M. Ben-Chorin (HU) 
V. Savateev (HU) 
A. Vaknin (HU) 
V. Orlyanchik (HU)

M. Pollak (UCR)

Field Effect measurements

Anderson-Insulator

Gate
(metal)

Spacer
(insulator)

dn/dµµ

ΕΕEF



Nonequilibrium Transport in Electron Glasses

Dr. Zvi Ovadyahu, KITP & Hebrew University (KITP Glassy States Program 5/14/03) 2

� � � � � � � � � � � � �
� � 	 
 �
� � 	 � �

� 	 � �
� 	 � �
� 	 
 � �  � � � � �

� � � � �
ΩΩ∆

���
��
�

� � � �  
Gold film

Sio2 cover-glass

indium-oxide film

Au pads

Alignment mark

drainsource sample

0.1µm

...preliminary results...

! " # # ! $ # # $ # " # #
! # % " #
! # % # $

# % # #
# % # $
# % " # &

' ( ) * * +

, ' ( - . ΩΩ∆

/0/
12
3

4 5 6 4 7
Gold film

Sio2 cover-glass

indium-oxide film

8 9 : : ; < = = < = > = =? @ ? ?

A B A C

D E D F
G H I J

K L M N

O P Q R S S T

U V W X Y
ΩΩ

∆

Z[Z
\ ]
^

_ ` a b c

...preliminary results...

d e f d g h i j k l m k k l m n o p q o o p q r s t u s
v w x
y z {
| } ~
� � �
� � �
� � �

���

Ω

�

� � � � � � � � � � � �

100 Å In2O3-x film – 2D system



Nonequilibrium Transport in Electron Glasses

Dr. Zvi Ovadyahu, KITP & Hebrew University (KITP Glassy States Program 5/14/03) 3

� � � � � � � � � � � � �
� � � � �
� � � � �

� � � �
� � � �
� � � �

� � � � 	 	 


� � � � 
ΩΩ∆

���
��
�

� � � � �

� � � � � � � � � � � � �� � � �
� � � �
� � � �
� � � �
� � � �

 ! " # $ $ %

& ! $ ' (
ΩΩ

∆

)*)
+ ,
-

. � / . 0

...preliminary results...
Au pads

Alignment mark

drainsource sample

0.1µm

D
n

e2 ⋅
µ∂

∂⋅=σ
≡

µ∂
∂n

Thermodynamic DOS

≡D diffusivity

� � � � 1 2 3 4 5 6 7 8 9 : ; < < ; < = < > < ? < @ < <
> A ?
B C D
B C E
B C F
B C G
B C H

H C D
H C E
H C F

I J

∆∆ K
LM NO
P QRST U V
W

X Y Z [ \ ] ^ _
` a b c d e f g h i j k l m n l m om

p

q r

q p

∆∆

sts uvw
x

y z { | } ~ � � | � � � � �

…changing the sweep rate...

Martinez-Arizala et al, PRL, 78, 1130 (1997).

Granular Pb

Granular Au

Adkins et al, JPC, 17, 4633 (1984).
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…a way to measure ττ...
The “ Two-Dip Experiment”
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…ways to get it out of equili brium...
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…zap it with ligh t…

…app ly large source-drain field…
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…change gate voltage…
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Robertson and Wilkes, Polymer, 42, 1581 (2001)

…slow relaxation…
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…quench the sample from high T…
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…slow approach to a steady-state...

Loponen et al, PRB, 25, 4310 (1982).

Heat release measurements
on a  chalcogenide glass
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“ Simple” - or “ full” -aging

Aging...
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…limits of aging – linear response...

…limit is set by the width of the cusp
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    near-equilibrium
 R=4.8MΩ; T=4.1K
 R=360MΩ; T=1.6K
 R=360MΩ; T=1.6K

    non-equilibrium
 R≈360MΩ; T≈1.6K
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Temperature dependence...
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…memory of previous T
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Clare Yu, PRL, 82, 4074 (1999).

Quench from 120K to 4K...
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…magnetic field dependence...
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…other properties of the cusp...

Shape and width ΓΓ does not depend on:
•Way measured
•Sweep rate
•Disorder
•Magnetic field 

…disorder dependence...
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…Γ can be modified by the concentration of carriers…

interactions play a role
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…a toy model…
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