
⊥

⊤

⊢

⊣

⊢

⊢

⊢

⊢

⊢
⊢

⊢

⊢

⊢

⊢

⊢

⊢

⊤ ⊤

⊥

⊥
⊥
⊥

⊢

⊢

⊢

⊢ ⊤

⊤

Interdisziplinäres Zentrum für Materialwissenschaften

Hartmut S. Leipner



Interdisziplinäres Zentrum für Materialwissenschaften (IZM)

Nanotechnikum Weinberg
✦ Nanostrukturierung: 

Lithographie, Dünnschichtabscheidung, Bauelemente-Prototyping

✦ Nanoanalytik: mikroskopische und spektroskopische

Charakterisierungsverfahren mit hoher Auflösung

✦ Zusammenarbeit mit Physik, Chemie, Pharmazie, Medizin,…; 

Unternehmen der Region

TGZ 
Bio–Nano-Center



Reinraum des Nanotechnikums Weinberg

✦ MLU + Max-Planck-Institut + Fraunhofereinrichtungen
✦ 620 m2 Reinraum der Klassen ISO 10000/100/10

 



  









Bachelorarbeit (1)

Optimierung von 
Superkondensator-Dünnfilmen

Querschnittaufnahme einer Kondensatorfolie

Ziel
Verständnis der elektrischen Leitfähigkeit

Methoden
Øelektrische/dielektrische Charakterisierung
Ømikroskopische Untersuchungen 

(Licht- und Elektronenmikroskopie)

Meßstation



Bachelorarbeit (2)

Charakterisierung von Feststoff-Elektrolyten

Ziel
Quantifizierung der Lithiumverteilung 
im Feststoff-Elektrolyten

Methoden
Øoptische Glühentladungsspektroskopie (GDOES) 
ØMikroskopie

Thin-film solid electrolytes were first developed in the 
1980s with Li12Si3P2O20, Li4P2S7 and Li3PO4–P2S5 used 
as starting materials119–122. In the 1990s, Oak Ridge 
National Laboratory reported an important advance for 
a LiPON-based thin-film solid electrolyte, which was 
then the standard electrolyte for thin-film batteries123–125. 
Another series of thin-film solid electrolytes based on 
lithium borate, lithium phosphate and lithium borophos-
phate glasses have recently been considered as potential 
candidates to replace LiPON; these new electrolytes 
have several manufacturing advantages at the industry 
level126–129. Recently, atomic layer deposition has emerged 
as the premier deposition process for the fabrication of 
uniform, conformal, thin films. This technique has since 
been used for the fabrication of other solid electrolytes, 
including (Li, La)xTiyOz, Li3PO4, LixAl2O3, LixSiyAl2O3 and 
LiPON130–135.

Batteries with solid electrolytes
All-solid-state lithium-ion batteries
All-solid-state lithium-ion batteries, which offer higher 
energy densities than the traditional batteries, are con-
sidered as one of the most important next-generation 
technologies for energy storage. The solid electrolyte not 
only sustains lithium-ion conduction but also acts as the 
battery separator (FIG. 3a). Cathode materials used in all-
solid-state lithium-ion batteries are similar to those in the 
traditional lithium-ion batteries (for example, lithium 
transition metal oxides136–139 and sulfides140,141). The most 
common anode materials are lithium metal, lithium alloys 
and graphite142–147. Depending on the solid electrolytes 
used, all-solid-state lithium-ion batteries can be classified 
as either inorganic solid-electrolyte batteries or polymer 
batteries148. Inorganic solid electrolytes are generally sta-
ble and non-flammable, which is the ultimate solution 
to the safety issues associated with lithium-ion batter-
ies149,150. In general, inorganic solid-electrolyte batteries 
have a relatively wide electro chemical stability window 
(in comparison to traditional liquid-phase electrolytes), 
which allows the batteries to operate over a wider voltage 
range. However, there are exceptions: for example, the 
NASICON-type Li1 + xAlxTi2 − x(PO4)3 (LATP) material has 
a limited electrochemical stability window, which will be 
discussed later in the context of the lithium–sulfur bat-
tery system. At present, the main inorganic solid electro-
lytes developed for all-solid-state lithium-ion batteries, 
which have already been discussed, are oxide and sulfide 
solid electrolytes because of their high ionic conductivity 
(some of them exhibit ionic conductivity comparable to or 
higher than that of liquid electrolytes)11,70. Although some 
inorganic solid electrolytes that exhibit the same level of 
conductivity as organic liquid electrolytes have been dis-
covered, the performance of all-solid batteries based on 
these electrolytes is still inferior to that of commercially 
available lithium-ion batteries. Several key challenges 
remain to be addressed: for example, volume change in the 
electrode materials, large interfacial (electrode/electro-
lyte) resistance, low mass ratio of the electrode-active  
materials and poor cycling stability.

One of the most important problems that urgently 
needs to be overcome is how to enhance the ionic 

conductivity at the interface of the electrode and the 
solid electrolyte. However, investigations focusing on 
lithium-ion migration and diffusion behaviour across 
the interface, as well as the mechanical and structural 
stability of the solid-electrolyte interphase in inorganic 
all-solid-state batteries are still limited. Therefore, sub-
molecular-scale and atomic-level understanding of the 
interface is essential. Another important factor that 
affects the ionic interface is the mechanical properties 
of the solid electrolyte151. During the cycling of the bat-
teries (charging and discharging), the active electrodes 
generally experience structural fragmentation, resulting 
in capacity fade152. A solid electrolyte with a low elastic 
modulus is always preferred, because this reduces the 
extent of fragmentation of the electrode materials. For 
battery assembly, fabrication and manufacturing, the 
interfacial contact between the active electrode and the 
solid electrolyte can be an extremely important factor for 
the overall battery performance. In general, the mallea-
bility and the ductility of both the solid electrolyte and 
the electrodes can have a pronounced influence on the 
contact condition at the electrode/electrolyte interface. 
Taking the LiPON solid electrolyte as an example, lith-
ium-ion transport is usually hampered by the interface, 
and the high elastic modulus and hardness of LiPON 
resists the incursion of lithium dendrites153. Therefore, 
for the lithium-metal/electrolyte interface, the solid 
electrolyte should, in principle, be hard enough to resist 
lithium metal dendrites. In a practical sense, a complex 
solid-electrolyte interphase forms on the metal surface, 
which may also affect the ionic conduction properties 

Nature Reviews | Materials

+–

Cathode

Polymer

Anode

a

b

Figure 3 | All-solid-state batteries. Schematic 
representations of an inorganic solid electrolyte (panel a) 
and a solid polymer electrolyte (panel b). The green, blue 
and grey spheres in panel a represent the active anode, 
active cathode and solid-electrolyte materials, respectively.
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Pulsed RF GD OES Depth Profile Analysis of the positive electrode
of a battery fully charged and discharged

Key Features

Ultra Fast Depth Profiling of both positive and negative electrodes: Typi-
cal erosion rate of several microns/minute.
 Fast sputtering offers high sample throughput but more importantly a 

higher sensitivity as more sputtered materials are excited per unit of time. 
 Ease of Use: The GD source does not require any UHV, the sample to 

analyse is simply placed against an o’ring facing the anode tube in which 
the plasma is confined 
 Simultaneous measurement of all elements of interest
 Averaged information over the sputtered area
 No thermal effects during measurements with Pulsed RF operation
 Provide quick access to embedded interfaces for further SEM obser-

vation

Sample handling strategies

The electrodes are often soft and fragile. Successful strategies of sample 
handling have been developed by HORIBA Scientific to correctly analyse 
these electrodes including, for the flammable ones, a patented transfer 
chamber: the “Li bell”.

Schematic view of the Li bell mounted 
on the GD Profiler 2 instrument

Conclusion

Whether you study new electrodes or coatings behaviours, charge and 
discharge processes, process controls, or perform comparative studies for 
Li-ion batteries, Pulsed RF Glow Discharge Optical Emission Spectrometry 
is a valuable companion tool. 
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