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Objective  

1. Fabrication of Lithium metal oxide materials libraries by r.f. magnetron sputtering 

2. High-throughput materials characterization and (de)intercalation stress analysis 

Current status report: 

Materials library fabrication and composition analysis 

Thin films of Li transition metal oxides are fabricated by r.f. magnetron sputtering from both oxide 

targets and pure elemental targets; this allows the tailoring of composition where necessary.  A 

combinatorial approach to sputter LiMnxCoyNizOr (NMC) libraries has been explored. Continuous 

composition spreads were fabricated using compound targets of LiCoO2, LiMn2O4 and Ni. After 

evaluation of the initial wide-range library, the composition region was reduced to focus on ranges 

around LiMn1/3Co1/3Ni/3O2. Automated energy dispersive X-ray analysis (EDX) was performed to 

map the composition, except for Li. Nuclear reaction analysis (NRA) and Rutherford backscatter 

spectroscopy (RBS) are being employed for additional evaluation of the Li content. Fig. 1 demonstrates 

an example of the composition spread in the fabricated NMC libraries by automated EDX. 

 

 

 

 

 

 

 

Figure 1 Co, Ni and Mn distribution in NMC material libraries obtained from ED analysis. (a) extended 

composition spread, (b) reduced region around LiMn1/3Co1/3Ni/3O2. 
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LiCoO2 thin films were fabricated as reference samples. Li/O ratios were obtained from NRA 

measurements. RBS was used to measure heavier elements such as Co and Mn. Preliminary results are 

shown in Table 1.  

Table 1. Chemical Compositions obtained from NRA and RBS analysis. 

Target O (at%) Co (at%) Mn (at%) Li (at%) 

LiCoO2  50.2 ±0.2 19.8 ±0.2 - 30 ±0.2 

LiMn2O4 52.8 - 27.9 23 
 

In-situ and high-throughput stress analysis of (de)intercalated films 

The stress evolution in positive-electrode thin films is evaluated by two approaches. (These experiments 

are conducted in collaboration with “Analytische Chemie-Electroanalytik & Sensorik“ group at RUB): 

1. High-throughput stress evaluation 

Thin-film libraries are deposited on micro-machined cantilevers [1, 2] as shown in Fig. 2(a).  A laser test 

stand, as schematically shown in Fig. 2 (b), is placed inside the glove box and an electrochemical cell is 

being specially built. During cycling or cyclic-voltammetry measurements, stress changes in the 

cantilevers will result in curvature changes which are recorded by the laser spot displacement. Stoney’s 

equation is used to calculate the stress from the measured curvature changes of the cantilever beams.  

2.  In-situ atomic force microscopy and cyclic voltammetry 

Selected compositions from the fabricated libraries are being investigated by cyclic voltammetry in an 

open cell inside the glove box. The topography changes during this process are monitored by atomic 

force microscopy.  

 

 

                                                                                                               

 

 

 

Figure 2. (a)Representation of laser beams deflected by micromachined cantilevers, (b) Schematic cross-
sectiom of electrochemical cell for high-throughput stress measurements. 

References 

[1] A. Ludwig, J. Cao, B. Dam, R. Gremaud, Applied Surface Science, 254 (2007) 682-686. 
[2] A. Ludwig, J. Cao, A. Savan, M. Ehmann, Journal of Alloys and Compounds, 446-447 (2007) 516-521. 

(b) (a) 


