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Introduction to shot noise
Theoretical background
Experimental techniques
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Shot noise in electronic systemShot noise in electronic system

Classical shot noise:
Poissonian process
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Quantum shot noise:
binominal process
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uncorrelated emission events

Schottky, (1918)

Khlus (1987), Lesovik (1989)
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Fano factor Fano factor 
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A few examplesA few examples
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Chaotic cavityChaotic cavity
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tE - Ehrenfest time
tD - dwell time
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Graphene Week
August 2008, Trieste

Distribution of eigenvalues in ballistic grapheneDistribution of eigenvalues in ballistic graphene
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Schematics of measurement setupSchematics of measurement setup

- High f to avoid 1/f noise

- f = 600 – 950 MHz

- High Z setup

- Home made low-T preamplifier

- Tn = 3.5 K (high Z source: 14K)
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Measurement setupMeasurement setup
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Shot noise in grapheneShot noise in graphene

W/L ~ 10
L = 200 nm
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Sample with W/L=24Sample with W/L=24

minimum conductivity:

4HBFIUY
- Single layer
Z P[I = 4.8 / 0.20 ~ 24, 
- Ti/Au contacts (10/40 nm)

p-doping with gate shift of 20 – 200 V
(uppermost breakthrough at 139 V)

Seen also by:
F. Miao 0*#'&K, Science 317, 1530 (2007).

L = 200 nm
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Current noise vs. bias at Dirac pointCurrent noise vs. bias at Dirac point
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Fit yields: F = 0.318
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Fano factor: gate and bias dependenceFano factor: gate and bias dependence
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– F = 0.338 at the Dirac point (with W/L >> 3)

– nearly ballistic at large carrier concentration

Summary of Fano factorSummary of Fano factor

DATA at W/L >> 3

\ ~ 40 mV
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Sample with W/L = 2 (L = 0.5 ;m)Sample with W/L = 2 (L = 0.5 ;m)

F = 0.196
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Fano factor: sample with W/L = 2Fano factor: sample with W/L = 2

– F = 0.19 at the Dirac point

– Agreement with metallic armchair edge 
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Disorder?Disorder?

F = 0.23

max at the Dirac point

- L = 950 nm
- W/L = 4.2
- <min ~ 6 G0

T = 10 K

BK#7!*%@E#UFI#79, =WJJD#9<JJW;]#
')^!@Y$%"-Z1'*[JQ==J<C@=K

1D disorder: 
F = 0.25 like
chaotic cavity
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RibbonsRibbons

R4: L ~ 600 nm, W ~ 110 nm; 
R11: L ~ 200 nm, W ~ 90 nm.  

Sample made by 
Jeroen Oostinga
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RibbonsRibbons

R4: L ~ 600 nm, W ~ 110 nm; 
R11: L ~ 200 nm, W ~ 90 nm).  
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Ribbons: R4 (I ~ 600 nm, P ~ 110 nm)Ribbons: R4 (I ~ 600 nm, P ~ 110 nm)

R4: L ~ 600 nm, W ~ 110 nm 
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Ribbon R4 (I ~ 600 nm, P ~ 110 nm)Ribbon R4 (I ~ 600 nm, P ~ 110 nm)

T = 8.2 K

log10 G

No gate periodicity!
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Ribbon R4 (I ~ 600 nm, P ~ 110 nm)Ribbon R4 (I ~ 600 nm, P ~ 110 nm)

- Not simple zero bias anomaly 
Conductance peaks at zero bias!? 
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Ribbon R4 (I ~ 600 nm, P ~ 110 nm)Ribbon R4 (I ~ 600 nm, P ~ 110 nm)

- Not simple zero bias anomaly 
Conductance peaks at zero bias!? 
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Ribbon R11 (I ~ 200 nm, P ~ 90 nm)Ribbon R11 (I ~ 200 nm, P ~ 90 nm)
log10 G
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Comparison of conductance gapComparison of conductance gap

R4: L ~ 600 nm, W ~ 110 nm; 
R11: L ~ 200 nm, W ~ 90 nm).  

BK#`K#_'"E#AK#aLM!&1'LE#`K#b,'"5E#'"-#FK#T!1
FNI#98E#<JQRJV#9<JJW;K

Our data
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SummarySummary

Fmax = 0.338 for samples with W/L >> 3
- close to predicted universal value Fmax = 1/3   

Ballistic far from Dirac point: Fmin = 0.02, 
no oscillation found as a function of gate

Fmax = 0.19 for a sample with W/L = 2 

Disorder effects in longer samples: Fmax = 0.23 

F small for ribbons with large ”gap”

Unknown correlations in nanoribbons?

R. Danneau, et al., Phys. Rev. Lett. 
100, 196802 (2008) + unpublished.
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