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Interdisziplinäres Zentrum für Materialwissenschaften

Nanotechnikum Weinberg, since  2008,  1800  m2  labs,  
900  m2  class  10000  cleanroom,  210  m2  class  100  cleanroom

Central facilities (IZM@MLU): 
Nanostructuring/-­‐analysis,  electron  microscopy,  lithography,  positron  
annihila<on,  thin-­‐film  deposi<on

Research disposal areas (Bio–Nano-Zentrum) 
for  physicists,  chemists,  material  scien<sts,  bio  scien<sts
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Renewable-energy materials research

✦ Nanostructuring/-­‐analysis  and  thin-­‐film  deposi<on

✤ Thin  film  deposi<on,  structuring  and  characteriza<on  of  materials  
for  thermoelectrics,  photovoltaics,  supercapacitors

✦ Nanolithography  

✤ Colloid  lithography,  electron  beam  lithography  

✦ Positron  annihila<on  

✤ Crystal  defects,  porosimetry,  positron  beam  user  facility  EPOS

✦ High  resolu<on  materials  characteriza<on  

✤ FESEM,  STEM,  EDX,  EELS,  EFTEM,  HRTEM,  AFM,  Raman  
microscopy,  spectral  ellipsometry,  cathodoluminescence/
EBIC  microscopy,  X-­‐ray  diffrac<on,  XRR
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Thin film deposition equipment

✦ PVD:  thermal  evapora<on,  electron  beam  evapora<on,  magnetron  spuUering

✦ CVD:  atomic  layer  deposi<on

Roth & Rau PLS 500

HVT B 30 Malz & Schmidt MSBA 400-TE Beneq TFS 200

“Angerstein” “X-320”
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SuperlaVce  of  2  nm  Si/3  nm  SiOx  
aXer  RTA  (1100  °C,  30  s)

EELS in different layers

Energy loss (eV)

Si layer
SiOx layer
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ity

5 nm

[Schade et al. 2008]

Si layers for next generation photovoltaics
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Thermoelectric transport measurements

✦ In-­‐plane  measurements  
❖ Electrical  conduc<vity  according  to  van  der  Pauw  
❖ Seebeck  coefficient  with  the  4-­‐wire  method
❖ Hall-­‐effect  measurements

✦ Cross-­‐plane  measurements:
❖ Determina<on  of  the  electrical  conduc<vity  according  to  the  transmission  line  
model  (TLM)

❖ Seebeck  measurements  with  thin-­‐film  thermocouples
❖ Harman  method  for  the  direct  determina<on  of  ZT
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Kapitel 6. Charakterisierung von Halbleiterlasern

4. Die Kontaktpads besitzen die gleiche Länge d und damit den gleichen Widerstand
Rc. Daher lässt sich Glg. 6.2 mit Glg. 6.3 umschreiben zu

R = 2Rc +
L

W
· Rsh. (6.4)

5. Der Stromfluss am Kontakt lässt sich durch eine Leitung mit Leckströmen beschrei-
ben (Transmissionslinie), welches ein bekanntes Problem aus der Elektrotechnik
darstellt. Für den Gleichstromfall ergibt sich für den spezifischen Kontaktwider-
stand:

ρc =
R2

cW
2

Rsh
. (6.5)

Für eine vollständige Herleitung sei auf die Arbeiten von Murrmann und Widmann
bzw. Berger verwiesen [Mur69a, Mur69b, Ber72].

h
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Abbildung 6.2.: Teststruktur zur Bestimmung des spezifischen Kontaktwiderstands nach

dem TL-Modell. Darunter sind die Beiträge der einzelnen Widerstände
zum Gesamtwiderstand dargestellt.

Zur Bestimmung des spezifischen Kontaktwiderstands wurde eine Struktur verwendet,
welche aus 9 Kontaktstreifen mit jeweils unterschiedlichen Abständen von 5 µm bis 200
µm zwischen zwei Streifen bestand. Die Messung des Gesamtwiderstands R erfolgt durch
eine 4-Pol-Messung. Aus Gleichung 6.4 ist zu erkennen, dass die lineare Extrapolation auf
die Länge 0 den Kontaktwiderstand Rc liefert. Aus dem Anstieg dieser linaren Funktion
lässt sich der Schichtwiderstand Rsh gewinnen. Mit beiden Werten ist der spezifische
Kontaktwiderstand ρc mittels Gleichung 6.5 bestimmbar.

6.2.2. Sekundärionenmassenspekrometrie (SIMS)

Die Untersuchung der durch das Aufdampfen von lithiumnitridhaltigen Kontakten ent-
stehenden zusätzlichen Akzeptordotierung erfordert eine tiefenaufgelöste Analyse der
chemischen Zusammensetzung des Halbleiterschichtstapels. Hierzu ist die Sekundärio-
nenmassenspektrometrie (SIMS) hervorragend geeignet.

52

TLM

6



Stage  for  in-­‐plane  Seebeck  
measurements  up  to  300  °C

EELS in different layers

[Schade et al. 2008]
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Thermal conductivity

✦ 3ω  method
✦ Combined  measurement  of  the  Seebeck  coefficient  and  the  thermal  

conduc<vity,  Yang  et  al.  APL  80,  10  (2002)
✦ Difference  to  the  uncovered  substrate
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Si–Ge superlattices

1 – 10 nm

✦   Consis<ng  of  100  %  Si  and  an  Si1  –  xGex  alloy

✦   Layer  thickness:  ±  0.2  nm

✦   Number  of  layers:  10  –  50

[Geyer  et  al.  2009]
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Si–Ge nanowires

[Geyer  et  al.  2009]

✦ Control  of  diameter,  length,  
density

✦ in-­‐situ  and  ex-­‐situ  doping  
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Defects in semiconductors and ceramics

TEM  cross-­‐sec<on  picture  
of  an  STO–BTO  mul<layer

Fine  structure  of  the  <tanium  
and  the  oxygen  edges

[Zhang  et  al.  2005]
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Electrical activity of grain boundaries

✦ Inves<gated  by  SEM  in  conduc<ve  or  
cathodoluminescence  modes  

✦ Grain  boundaries  show  complex  proper<es  with  
respect  to  the  structure  and  the  electrical  proper<es

✤ Carrier  trapping,  impurity  segrega<on  influence  
transport  proper<es

✤ Band  bending  effects

✤ Recombina<on  centers
Electron

beam

Heating stage

Specimen

Probe contacts

CRT

10 µm

Arrangement  for  conduc<ve  mode  
scanning  electron  microscopy  
(electron-­‐beam  induced  current  –  EBIC)

CL
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Double Schottky barrier

Energy  diagram  of  a  grain  boundary  
with  acceptor  levels,  which  become  
nega<vely  charged  in  n-­‐type  material.

changes in the grain boundary barrier structure brought
about by microstructural variations arising from inho-
mogeneities in the local concentrations or distributions
of dopants. It has also been suggested that the condi-
tions necessary for EBIC to be generated are not met at
grain boundaries where there exists a thick insulating
grain boundary film, suggesting that EBIC may not
occur at grain boundaries where a sufficiently high
concentration of additives are present to allow a discrete
second phase film to form.14

Fig. 3 shows the variation in peak EBIC current with
beam current for an EBIC active grain boundary. The
EBIC gain, defined as the ratio of the peak EBIC
current to the incident beam current is less than unity,
which is typical for electroceramics.9 Screening effects
are not observed over this current range.
Fig. 4 (a) is a SE image of another region of the

thermistor containing two electrically active grain
boundaries, labelled ‘A’ and ‘B’. EBSP analysis revealed
that the lattice misorientation of grain boundary ‘A’ is
given by a rotation of 16! about an axis close to [9,15,2]
and grain boundary ‘B’ is given by a rotation of 45!

about an axis close to [4,"1,"4]. Neither interface fell

close to a recognised low ! coincident site lattice
misorientation and so both grain boundaries may be
classified as random, high angle. Fig. 4(b) is a con-
ductive mode image of the same area, collected at 200 !C
under conditions of zero applied voltage bias. Strong
dark–bright contrast is visible at grain boundary ‘A’ but
not at ‘B’. The signal at grain boundary ‘A’ may be
confirmed as EBIC by observing its behaviour under an
externally applied voltage bias. When a positive
[Fig. 4(c)] or negative [Fig. 4(d)] bias is applied across
grain boundary ‘A’, the effect is to compensate the
space-charge field on one side of the grain boundary
plane and suppress the generation of a signal on that
side of the grain boundary plane, leaving only single line
EBIC contrast (Fig. 5) as has previously been reported
for active grain boundaries in zinc oxide varistors.9

Under bias, however, grain boundary ‘B’ also shows
bright or dark single-line contrast [Fig. 4(c) and (d)],
although the lack of visible EBIC contrast when the bias
is removed [Fig. 4(b)] suggests that the electrical activity
observed at grain boundary ‘B’ under bias is instead be
due to b-conductivity. The distinct forms of conductive
mode contrast observed at these two grain boundaries

Fig. 2. (a) SE image of inter-electrode area; (b) conductive mode image of same area at 100 !C; (c) Conductive mode image at 180 !C showing EBIC
contrast (scale bar=10 mm).

Fig. 3. Variation of EBIC current with incident beam current at an
EBIC active grain boundary.

Fig. 4. (a) SE image showing two electrically active grain boundaries;
‘A’ & ‘B’; (b–d) conductive mode images of boundaries at 200 !C
under conditions of zero applied voltage bias (b), +0.5 V bias (c), and
"0.5 V bias (d) (scale bar=5 mm).

J. Seaton, C. Leach / Journal of the European Ceramic Society 24 (2004) 1191–1194 1193
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grain boundary film, suggesting that EBIC may not
occur at grain boundaries where a sufficiently high
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beam current for an EBIC active grain boundary. The
EBIC gain, defined as the ratio of the peak EBIC
current to the incident beam current is less than unity,
which is typical for electroceramics.9 Screening effects
are not observed over this current range.
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although the lack of visible EBIC contrast when the bias
is removed [Fig. 4(b)] suggests that the electrical activity
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Fig. 2. (a) SE image of inter-electrode area; (b) conductive mode image of same area at 100 !C; (c) Conductive mode image at 180 !C showing EBIC
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Fig. 3. Variation of EBIC current with incident beam current at an
EBIC active grain boundary.

Fig. 4. (a) SE image showing two electrically active grain boundaries;
‘A’ & ‘B’; (b–d) conductive mode images of boundaries at 200 !C
under conditions of zero applied voltage bias (b), +0.5 V bias (c), and
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SE EBIC

10 µm

SEM  of  a  BTO-­‐based  PTC  thermistor.  
(a)  Secondary  electron  and  (b)  
conduc<ve  mode  images.

[Seaton,  Leach  2004]
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hsl  –  Versetzungskine<k,  Halle  2006
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