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NON LINEAR TRANSPORT
IN

SEMICONDUCTORS 1

Pattern formation with non-linear electrical transport.

e Introduction on spatiotemporal pattern formation.
o N and S shaped j-E characteristics.
¢ Breakdown in SI-GaAs.
~ Visualisation technique
— Topology of domains
— Bulk j-E characteristic.
o Breakdown in Air
— Phases in breakdown
— Topology of sparks
— Sparks in magnetic field

- fractal structure
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Response

1
R,
R > R,
Control parameter R

R > R, more than one response = pattern formatio
spentoneous  Symwmchry buqnl«'u’,

o Patterns may be stable in time.

oscillatory

chaotic

———

e Occur in a wide variety of systems

Ref. M.C. Cross and P.C. Hohenberg, Rev. Mod. Phys. 85, 853, 1993.

G. Ahlers, Complex Systems, Vol 7, 1989, Physica D51, 421, 1991
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STATIC PATTERNS
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TAYLOR - COUETTE FLOW
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PATTERNS IN CHEMICAL BEACTIONS
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SLOW DOMAINS IN SI - GaAs
(LEC <loo > welis)

IV characteristic

T 1 T
| | .
[ I LA | n 1] w
I |
- |
c |
v |
| .
[
5 |
© i
i
|
| | }
1 1 }
Vet Ve2 Vbreok

Apphed Voitage

e In unstable regions il and i spontaneous oscillations

o [-V at contacts cannot measure bulk j - E because of spatial
inhomogeneity

w ple

| x

T

Current (10‘6 A)

I(t) shape

5 Ly L T LA I
'y
Sampls B
34
24
14
Sample A
>

T T

3. T T
o 1 2 3 4

3

Tima (A 10=3 3, B: s)

dtpeuJ;

Fourier spectrum A

r{all g

Ow

Oscillation Frequency (Hz)

aeomchr

Pericolic

e

(P€riool 0’0\1"';\1’ ‘

Perie o olou‘:‘l'ua

h“o‘.‘Y !

chaotic

ry






Tz
in A/4-Plate Analyzer
H&—J@ >
Polarizer - [o‘"

v

Ord
Phase shift 1 - /\—(An+ — An )
For electrooptic erystal:
LT = local voltage
I = \ ng T V(x,y) = local voltage.

{ electro-optic tensor element

Iill

| = compnter = ' = Viz.y)

A
Low  _ sin? G n ra V) Without i plate

LOCAL PROBE

SAMPLE MOUNT

I, «<001>

%, <010

=, <100>

“amdygy e tlaugpazen b ﬁo-‘le

ITo
— Dislectric Mirror
Qlectlo -op"l‘t
Ce \, ¢ te '
sppl -
SET UP
Function
/ Delay
11
Wiggle
e /@CCD Camera
Laser 1 . Anlly:cr
—»
spherie I
l‘xplnn Aid Current
q v B8O Monitoer
Sample
Laser 2 A linear
tylindric . Polarizer
Expansion v
ITo
v,

oy T

e

R

g ¥ B



QUANTITATIVE ANALYSIS

DENSITIES
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SPARKS (DIELECTRIC BREAKDOWN) IN
MAGNETIC FIELDS

Set-up

Parameters
point
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TWO REGIMES; STREAMER AND LEADER
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ViV,

Quasi stationary
Roughly homogeneous
Te = 5eV; Tion ~RT
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E~15kV/cm
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STREAMERS AND LEADERS
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LEADERS IN A MAGNETIC FIELD

12T

Leaders propagate on circular trajectories -~ Nor in . centrai
field. '

> Interference between branches -> increasing complexity,

LEADER PROPAGATION
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Idealized electric field

distribution at leader tip

E
- Electric field of leader tip is pointed forward
- Predischarge takes places in M due to this field
- Leader propagates in the ionised region which its own field hu-
created.
- Due to lorentz force the electrons in the ionised region will
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FIELD DEPENDENCE OF RADIUS FIELD INDUCED "FRACTAL” BEHAVIOUR

Self - similarity: Patterns look the “same” when viewed
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APPLICATION TO SPARKS
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NON LINFAR TRANSPORT
IN
SEMICONDUCTORS 11

TH/ response i Quantiun Strnetnres,

o Photon assisted tunneling,
o Classical versns Quantim detection
e ['Hz Response doublebarmers resonant tunneling, device

o [Hy response Quantum Point contacts

sOrMN,,

e
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MAGNET LABORATORY .
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1'Hz RESPONSE IN QUANTUM STRUCTURES

[uteraction ENradiation with light.

J

e

Power detection - Sipnal = T = (Amplitude)?

¢ Photoconductive & = ne e
frof
and for
Interthand (hw > FE)
Intersubband (hw > FE, — )
Carnier heatmg, jo = i F)
o Dolometric B T

o Pliomonic (Mhonon e

o (lassical rectificatiom

Omantin detectogy spepal _‘\‘H]vlﬂmlva h.

o ['hoton assisted tunueling



CLASSICAL RECTIFICATION NON-LINEAR 1- V BECAUSE OF TUNNELING

Classieal + diode, heating,
QAL : tunnel junction

I /

Nomroc hnear IV e , . .
A Exarple: double aaiicr resonant tunneling
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o Independent of origin non-lneanty.



DC RESONANT TUNNELING

Schematic strueture
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TRANSMISSION COEFFICIENT
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Superenducior - isolator — Superconducter

AC TRANSMISSION COEFFICIENT

Like i1 DC - case bat:

Aile + hw)
Ay(e)

AL =l A - hw
A,‘(E - QhQJ)

and match wavefunctions at interfaces for the same n
A ———

: )
Weight of n-th component given by J,(a) = J, (EI) e

7" Y- -24
a = 1 = only Afe) relevant. ///

a # 0 = n=12 .. components increase weilght
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CLASSICAL & QUANTU M DETECTION
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SUPPRESSION  HF _ OSCILLATION
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frequencies in
quantum point contacts

T.J.B.M. Janssen

J.C. Maan
High Field Magnet Laboratory
University of Nijmegen
The Netherlands

J. Singleton
Clarendon Laboratory
University of Oxford

N.K. Patel, M. Pepper
Cavendish Laboratory

Unversity of Cambridge
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Expérifnental Details
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GaAs-GagAl; _(As Heterojunction;
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Split gate: 0.5 pum x 0.5 um
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Ballistic Transport in a QPC

Width = Ap = size quantization

X < Md, poth
LN .
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/ y a8 — Nonlinear Transport in a QPC
S fv ol
4 : | L4 10 _ Occars when eV comparable to subband
f = 525 GHz — sepavation
L= 75 nA =
dr 18 AP - Assume ballistic transport
~~ ol )
> ‘: . Source-drain bias dropped symmetrically
= =
X g _E
> 1 2
E ”f —E& E
S T e |
> __/0\ &
50 45 40 35 30 25 2.0 A
Gate Voltage (V) x
I, = (2¢/h)[ps — max(pa. EW)] g = 'f]{‘.‘
e Oscillations line-up with conductance steps and  p = Er 4 (g': o = Ey - n;

o No frequency dependence , FIR
e Response disappears above 2.5 THz (~ 10 meV)
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Nonlinear transport results
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