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Motivation

Smaller devices Ą influence of  surfaces, interfaces and defects on physical properties

Fabrication 

Micro-
structure

Properties

V1

top down 

bottom up Semiconductor VLS

CNT
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Introduction of Nanotechnology

V2, V3

Michael Faraday

1791- 1867

Wolfgang Ostwald

1883 - 1943
Richard Zsigmondy

1865 - 1929

Johann Rudolf Glauber

1604 -1670
Johannes Kunckel

1630 - 1703

Erst jetzt wissen wir, dass jedes 

Gebilde ganz besondere 

Eigenschaften annimmt und ganz 

eigentümliche Erscheinungen zeigt, 

wenn seine Teile gerade so klein 

sind, dass wir sie nicht mehr mit 

dem Mikroskop unterscheiden 

können, aber andererseits wieder 

zu groß sind, um als Moleküle 

gedeutet zu werden.

Die Welt der vernachlässigten 

Dimensionen 1914
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Historical hair silver

Olaus Wormius

1588 - 1654

http://de.wikipedia.org/w/index.php?title=Datei:Worm_1588-1654.png&filetimestamp=20041219142403
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Synthesis 1574

Vorkommen:

Freiberg

Schwarzwald

Kupferberg

Joachimsthal

Kongsberg
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PVD Synthesis

Substrate: Silicon wafer, Tungsten foil + 30 nm Carbon by magnetron sputtering

Growth parameters: UHV (2·10-10 mbar), Metal thermal evaporation, TS ~ 60% TM

Crystal morphology: needle / prismatic, diameter 20 -200 nm, Length < 300 µm

Isometric Copper islands grown on a clean Silicon surface
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Microstructure: Defects

No defects as grain boundaries or dislocations

Ąmetallic whisker are perfect single crystalline
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Nano-whisker tip
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Nano-whisker tip
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Microstructure: HRTEM
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HRTEM || whisker axis

10 nm

HRTEM investigation:

e-beam axis: 
- no edge dislocations detectable

- no screw dislocation detectable

- projected side facets flat

- surface oxidized

- no contaminations visible on surface

e-beam || axis:
- 6-fold symmetry

- no stacking faults 

- misfit dislocations in Ni

- no dislocations in Cu whisker

- Ni/Cu core-shell structure 

- Ni grows epitaxial by island growth
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Crystal shape

Shape:

- Low indexed {111}, {100} facets for surface

- Low energy Wulff shape dominates geometry
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Substrate-Whisker interface

Si substrate

CuxSi

Ni film

C layer

Ni/Cu whisker
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Growth Model 

Ruth, V & Hirth, J.P., Kinetics of diffusion-controlled whisker growth, J. Chem. Phys. 41, 3139-3149 (1964)

Metal

flux
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Diffusion Processes
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 Whisker radius (nm)

Vl (m/s) w/D (1/m2) ß X (µm)

4,40E-08 6,84E+06 10,5547 380

1,26977E-08 1,85E+07 57,19459 230

2,16976E-08 3,02E+07 0,49262 180

1,9699E-08 7,22E+06 9,19262 370

1,81271E-07 9,11E+08 0,65191 33

Whisker formation:

- nucleation at preferred sites

- transformation from 2D nucleus to 1D 

proto-whisker

- predominant growth by adatom 

diffusion on substrate surface 

- direct impingement on whisker facets

- whisker formation kinetically driven

Remaining questions: - nucleation site

- transformation 

- adatom incorporation

Herstellung

Gefüge
Eigen-

schaften

Modellierung
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Growth Model 
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Si(hkl) cleaned by rinsing in acetone, ethanole

cathodic etching + 30 nm C sputtering 

transfer to UHV annealing at 680°C, 5 min

metal (Cu) deposition, TS = 680°C, R = 0.05 nm/s

Mediator layer: 
- polycrystalline/amorphous C layer

- imperfection formation by annealing

Metal deposition:

- adatom diffusion to imperfections

- preferred nucleation

- nucleus growth

- formation of proto-whisker

Whisker growth:

- direct impingement of adatoms

- diffusion of adatoms from substrate to 

whisker root

- atom incorporation in tip or root
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Versatility

Si/Si(100); TS = 800°C

Al/Si(100); TS = 525°C Ag/Si(100); TS = 800°C

Au/Si(100); TS = 680°CTS = 680°C TS = 800°C

TS = 525°C TS = 800°C



Max-Planck-Institut für Metallforschung

In situ Bending Experiments


