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24 years ago24 years ago……..
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Exactly one year after the announcement 
of the Nobel Prize for the QHE

24 years ago24 years ago……..

2010: 25th anniversary of Nobel Prize
for quantum Hall effect

October 16, 1985
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Si MOSFET



Si MOSFETSi MOSFET

basic research on

such a device led

to the discovery

of the

Quantum Hall 
Effect
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Exhibitions in Germany and Switzerland

An An artistsartists impressionimpression
of of thethe original QHE original QHE devicedevice

current II

Fred Ziegler

Hallresistance

longitudinal resistance

current II
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Exhibitions in Germany and Switzerland

An An ArtistsArtists Impression Impression 
of of thethe Original QHE Original QHE DeviceDevice

current II

Fred Ziegler
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Exhibitions in Germany and Switzerland

Quantum Hall Quantum Hall EffectEffect in in thethe MuseumMuseum





limited edition of 40 pieces ,
signed by K.v.K. and Fred Ziegler

Another type of 
LITHOGRAPGY
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gate voltage

el
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al
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st

an
ce original data

4./5.February 1980

1 kΩ

25 cm ⇨25 kΩ

always some wiggles
close to the upper 

boundary of x-y

 

recorder
ν≈1

For the first time:
Analysis of the Hall effect 

relative to integer filling factor

longitudinal resistance

Hallresistance

B=const.=19.6 Tesla
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Misleading theoretical paper
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before 1980
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classical Hall effect

Theory of Hall Effect
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EP2DS Conference Berchtesgaden (September 19-22, 1977)

(Experiments by S.Kawaji)

Hallconductivity

 

σxy

 

always
smaller

 

than

 

classical

 

value?!
Scattering?
Localization?
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Tsuneya

 
ANDO, Univ. of Tokyo
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EP2DS-2, Berchtesgaden (Sept.19-22, 1977)
Th. Englert and K.v.K., Surface Science 73, 70 (1978)

threshold voltage

slope by
gate capacitance
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Diploma Thesis GÜNTHER EBERT
(Würzburg, August 1979)
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σxx
peak

First Magnetotransport
 

Experiments on Si-
Fieldeffect

 
Transistors (Corbino

 
Device)

A.B.Fowler, F.F.Fang, W.E.Howard, and P.J.Stiles
Proc. ICPS-8 Kyoto 1966, p.331)

filling factor 4

filling factor 12



MPIMPI--FKFFKFQHE@30

σxx
 

~ D(E)2

Self Consistent Born Approximation

peak value



h/4e2 ≈6450 Ω

The very first experiment which showed quantized Hall resistance

At present such 2-terminal measurements on graphene
are published as proof for fractional quantum Hall effect
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Birth of quantum Hall effect:Birth of quantum Hall effect:
a) Analysis of Hall effect relative to a) Analysis of Hall effect relative to 

filling factor and not as a function filling factor and not as a function 
of carrier density/magnetic fieldof carrier density/magnetic field

b) Experimental observation that localizedb) Experimental observation that localized
states do not influence the Hall effectstates do not influence the Hall effect
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Reconstruction of the moment of the discovery 
of the QHE on 5.2.1980 at 2 a.m

 

in Grenoble
(photo from 1985)



KLITZINGEFF.
5.2.1980  2:05

GRENOBLE
5.435

45.1112
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First Version of the
“NOBEL”

 
Publication (2 month after discovery)
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Telex  25.4.1980



KuboKubo: Tomorrow, everything will be clear

Mt. Fuji
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Referee report from Berry Taylor (NBS)
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Result of discussions on 27.6.1980 with Dr. E.R.Cohen

 

and 
referee Dr. B.N.Taylor

 

(NBS/NIST) about the submitted QHE paper

CONFERENCE ON PRECISION
ELECTROMAGNETIC MEASUREMENTS 

(23.-27.6.1980)
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First Publication about the
QUANTUM HALL EFFECT

Measurements with a voltmeter with higher resolution and a 
calibrated  standard  resistor  with  a  vanishing  temperature 
coefficient at T=25°C yield a value of h/4e2 = 6453,17 ±

 
0,02 Ω

corresponding
 

to a fine-structure
 

constant
 

α-1

 

= 137,0353 ±
 

0,0004 Ω
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{+ current switch,

thermal power reduction,

temperature control...}

Experimental Determination of the 
Quantized Hall Resistance RK

 

=h/e2

R=9999,69 Ω

 

at 20°C

main problem
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HOME MADE SCREENED ROOMDATA AQUISITION WITH DVM

Improvisation of
High Precision Experiments

Research Laboratory Würzburg

… WITH FILTER (Würzburg 1980)   
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High precision measurements of the QHE at the 

Physics Department EPIII, Würzburg

(April 1980)



highest value for the last 20 years
(due

 

to graphene

 

and cold

 

atoms)     

*5.2.1980*5.2.1980

?Nobel Prize
IQHE

Nobel Prize
FQHE

QHE is still a
live-

even 30 years after th
e discovery
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QUANTUM HALL EFFECT

and BLACK HOLES
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QUANTUM HALL EFFECT and QUARKS
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QUANTUM HALL EFFECT
and QUANTUMCOMPUTER
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Research Project supported

 
by

Microsoft
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PhysicsWeb:

QUANTUM HALL EFFECT
and GRAVITATION



MPIMPI--FKFFKFQHE@30



MPIMPI--FKFFKFQHE@30



MPIMPI--FKFFKFQHE@30
Abounasr

 
et al.     

J.Math.Phys. 46, 022302 (2005)
IIB string

 

quantum

 

hall
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QUANTUM HALL EFFECT and STRING THEORY
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QUANTUM HALL EFFECT FOR THEORETICIAN

heteroheteroeroticerotic
A heterotic

 
string is 

a mixture of the 
bosonic

 
string and

the superstring

Please don’t a
sk me questions!

Ask our th
eoreticians!
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A very stable 
and reproducible 
electrical resistor
with a resistance 

value RK
 

=25812,807 Ω
(worldwide accepted for all 

calibrations of electrical resistors)

Most Important Application of QHE:Most Important Application of QHE:
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Comparison of the 100 Ω

 

standard

 

resistor

 

at LNE 
with

 

a QHE device

 

(RK-90

 

≡

 

25812.807 Ω)

TEGAM SR102 A2041297SR102
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wire resistors show 
time-dependent variations
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Comparison between four different
QHE devices
(F.Schopfer, 2006)

If output voltage = 0,
all resistances RK

1,2,3,4

are identical
(interchange of input and output)

Wheatstone bridge

input 
voltage

output
voltage

RK
1

RK
4RK

3

RK
2

.

RK =  
25812,807xxx

 
Ω

x-digits unknown within our 
International System of Units (SI)International System of Units (SI)

Result:Result:
RK

1,2,3,4 identical within an 
accuracy of some parts in 1011

(acquisition time t = 46 000 s)

RK
1

RK
3 RK

4

RK
2
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Recommendations
Comité

 
International des Poids

 
et Mesures

(October

 

4-6, 1988)
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http://physics.nist.gov/cuu/Constants/index.html
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http://physics.nist.gov/cuu/Constants/index.html

finestructure
constant
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h/mn

gyromagnetic
 ratio of
 protons

Different routes to ALPHA





EVERYONE IN THE WORLD

(if he spends about 300 T€ for 
this equipment)

IS ABLE TO CALIBRATE 
RESISTANCES WITH AN 
UNCERTAINTY OF LESS 

THAN 10-8
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Primary Standard

14T Magnet   
3He Cryostat  
CCC Bridge
DC samples from

LEP, DFM
PTB, OFMET
NRC, ...  

Comparisons  with
BIPM, 
North America

DC Quantum Hall -
 

resistance
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ONLY ONE OFFICIAL kg 
IN THE WORLD (prototype)

SI base unit for the MASS
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Once a year the safe is opened
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“The Kilogram is equal to the mass of the International Prototype

of the Kilogram

 

after cleaning and washing using the BIPM method.”

(CIPM, 1989)

BIPM Cleaning Method

• Rub artifact

 

with chamois cloth soaked in ether / alcohol mixture.

• Wash in a jet of steam.

Official definition:



•
mass change after cleaning
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The quantum Hall effect may be important
for the redefinition of the kilogram!!
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currentcurrent I I ~~ ··ee

z

Watt Watt balancebalance (first part)

[h/e2]

[h/e]
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UUindind

z

Watt Watt balancebalance (second part)
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F
 

=  –z·I Uind
 

= –z υ

Uind
 

·  I  =  F·  υ

h ~ m

The most inaccurate quantities in this equation are 
the Planck constant h and the mass m

~h/e ~e m·g

First experiment Second experiment
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The kilogram is the mass, which by comparison
of mechanical and electrical power results

in a value of the Planck constant of 
h=6.626 069 01 x 10-34 Js (exact).

A possibility for a new definition
of the kilogram in 2011:

electrical power: U2/R ~ h 
Josephson voltage U~ h/e

quantized Hall resistance R ~ h/e2
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Max Planck:

“....with the help of fundamental constants we 
have the possibility of establishing units of 
length, time, mass, and temperature, which 
necessarily retain their significance for all 
cultures, even unearthly and nonhuman 
ones.“

Ann.Physik 1, 69-122 (1900)
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K
fk

ch 32
2

5

1050,3 

temperature:

NATURAL UNITSNATURAL UNITS
(Max Planck 1899)

length: cm
c

fh 33
3 1013,4 


mass: g
f
ch 51056,5 


time: s
c

fh 43
5 1038,1 


h
 

= Planck constant

f
 

= gravitational constant

c
 

= light velocity

k
 

= Boltzmann onstant

e
 

= elementary charge 4
4

2

1058,2
e
hresistance:
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h e k

Realization of Planck’s idea?



MPIMPI--FKFFKFQHE@30

m kg

N

J

Js-1 W V

A1N=1s-2•m•kg

1J=1N•m =1s-2•m2•kg

1=1s-3 m2kgA-2

s

Ω

velo
city

of li
ght

Rydberg
consta

nt

Plan
ck co

nsta
nt

ele
mentary

charg
e

c = fixed
h = fixed
e = fixed

h/e = fixed
h/e2 = fixed

quantum base
unitquantum base

unit

International System (basic
 

SI units)
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A
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cd

kg

K

m

s
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h

NA

e

c

exact

exact

exact exact

exact

RRKK

 

: : hh//ee22

 
KKJJ

 

: 2: 2ee//hh 
both exactboth exact

10-12

10-15

10-6SI volt 10-10

SI ohm 10-9

10-4

10-9

10-8

10-8

TJQ Sept 2007

The new SI !?

Figures in blue: approximate relative 
uncertainty of realization

Biological 
weighting 
factor

 hfs

 

(133Cs)

exact

K

s

m

kg

cd

mol

A

k and R

Fundamental constants and SI units
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2011
 

(c, h, e, h/e, h/e2

 

fixed)

The End of 
Quantized Hall Resistance 

Measurements!?
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Richard Feynman (* 1918; †

 

1988)
There's Plenty of Room at the Bottom

An Invitation to Enter a New Field of Physics
(published February 1960February 1960

 

in Engineering and Science)

Final blackboard left by Feynman in his office when he died:

©

 

Caltech. Commercial use or modification of this material is prohibited

TO LEARN
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First attempt to present the results at a 
semiconductor conference (ICPS-15)
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KuboKubo: Tomorrow, everything will be clear

Mt. Fuji

Post-deadline Presentation at Satellite Conference
“Physics in High Magnetic Fields”

 

(Hakone 10.-13.9.1980)



MPIMPI--FKFFKFQHE@30



MPIMPI--FKFFKFQHE@30

•
 

QHE equipment for metrology:
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Automated calibration system for capacitors 

based on the ac QHR

PTB
NPL
IEN
METAS
CTU
NML
INETI

59



1

Coaxial ac bridge QHE device

60



Rx Rx

Rx

Rx

Rx

Rx

..

..
DRAIN

SOURCE

DRAINSOURCE

current I

K

n

K

x
KTERMINALTWO R

R
RRR 












The QHARS: a new development of the 
metrological application of QHE

QHARS 129: 100 Hall bars in parallel
QHARS 100:

 

16 Hall bars in series +129 Hall bars in parallel
RH = 16RK /4130 

 

100 (within 10-5)

W. Poirier et al., J. Appl. Phys. 92, 2853 (2002)

W. Poirier et al., Metrologia 41, 285 (2004)
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Rseries V4ptVDC

I



-400.0µV 0.0V 400.0µV 800.0µV 1.2mV
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V4pt between
 

the
 

layers
(measured

 

with

 

potential probes)

critical current



Counterflow setup

GND

ITotal
ITunnel

ILoop

I

Vxx

Y. Yoon, W.D., 2009



Array of tips with single-electron transistors

Jochen Weber, MPI-FKF



A tip with a single-electron transistor

150nm

280nm
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