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length, c) TBTH pulse length, d) film thickness as a function of cycle count, and e) growth 
rate with respect to deposition temperature. The labels depict the deposition conditions 
(temperature, cycle count, and pulsing sequence in seconds). 
 

2.3. Film Characterization 

The Co3Sn2 films were studied for their uniformity, conformality, and morphology (Figure 

2). Thickness uniformity of an 87 nm film deposited at 180 °C was evaluated across the 5 cm 

× 5 cm substrate (Si with native oxide). As Figure 2a shows, the film thickness was almost the 

same both at the inlet edge of the substrate, that is, the point where the precursors first meet 

the substrate, and close to the exhaust. Only slight variation within the 5% error limits was 

seen indicating excellent film uniformity. Like with any proper ALD process, conformal 

coverage of a structured Si substrate was achieved using the CoCl2(TMEDA) + TBTH 

precursor combination. Figure 2b illustrates a ~40 nm Co3Sn2 film deposited on trench 

structures with different dimensions. The SEM image shows good step coverage and uniform 

trench fill. 

Top-view SEM images of Co3Sn2 films deposited on native oxide-terminated Si with varying 

cycle counts at 180 °C are shown in Figure 2c. Characteristic to the ALD of metals, also the 

Co3Sn2 films exhibited quite strong agglomeration during nucleation. Even so, a film of only 

15 nm thickness deposited with 250 cycles formed a continuous network of Co3Sn2 over the 

substrate. Full coverage of the substrate was observed with a film thickness of 37 nm (500 

cycles). Initially, the grain size increased with increasing cycle count and thickness. No 

significant change in the grain size was observed anymore between the 87 and 131 nm films. 

The roughness of the Co3Sn2 films was assessed by AFM. Figure S6 (Supporting Information) 

shows AFM images of 15, 37, and 87 nm Co3Sn2 films deposited at 180 °C. All the films 

were rough, with the Rq values being 4.8, 5.5, and 7.1 nm in the order of increasing film 

thickness. The 15 and 37 nm films had similar roughnesses likely due to the discontinuity of 

the former as seen in Figure 2c. The 37 nm sample also exhibited some higher grains. The 
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with respect to Co; the Sn:Co ratios measured by XPS were above 2.6. Similarly, a high 

Sn:Ni ratio was also observed in the case of Ni3Sn2 (Figure S7 in the Supporting Information). 

The distorted atomic ratios can also be attributed to the surface oxidation; SnOx is known to 

segregate on the surface and at grain boundaries, which causes the high intensity Sn 

signals.[53,54] 

 

 
 
Figure 3. Characterization of Co3Sn2 films deposited at 180 °C. a) Grazing incidence X-ray 
diffractogram of an 87 nm Co3Sn2 film. The indices correspond to the hexagonal, 
intermetallic Co3Sn2 structure. b) ToF-ERDA depth profile of a 131 nm Co3Sn2 film. c) The 
atomic percentages (EDS) of Co and Sn in films of different thicknesses. d) XPS data from 
the surface of an 87 nm Co3Sn2 thin film. 
 

Both magnetic and electrical measurements gave promising results for the Co3Sn2 films 

(Figure 4). Vibrating sample magnetometry was used to analyze the magnetic properties of 

the Co3Sn2 thin films of different thicknesses deposited on Si with native oxide at 180 °C. The 

measurements were executed in the plane of the film surface at room temperature. Figure 4a 
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Supporting Information is available from the Wiley Online Library or from the author. 
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glovebox, but the loading of the crucibles into the TG equipment was done in air. Here, the 

idea of using crucibles with a lid was to protect the sensitive sample from damage caused by 

air and moisture while loading the sample into the TGA equipment. The idea of using the 

crucible with a lid and the high heating rate was to restrict the evaporation of the compound 

and cause the sample to experience a higher temperature before evaporation; if the use of the 

higher heating rate resulted in a higher residue than with the lower heating rate, thermal 

decomposition could be concluded. TBTH is highly sensitive to air and moisture; thus, 

loading the samples inevitably resulted in sample damage, more so in the case of open 

crucibles. The larger residue and larger second step seen in the TGA curve measured using 

the open crucible are explained by the air and moisture sensitivity of TBTH. The size of the 

second step seen in all the curves seems to depend on the exposure to air and moisture. As 

expected, the TG curve measured with the fast heating rate (25 °C/min) shows two steps at 

higher temperatures as compared with the curves measured with 5 °C/ min (crucible with lid) 

and 10 °C/min (open cup) heating rates. The smaller second step indicates smaller damage to 

the sample due to air and moisture predisposure. The larger residue indicates thermal 

decomposition. With the 5 °C/min heating rate and the crucible with a lid there is zero 

residue, again indicating the absence of thermal decomposition. Considering the data from 

different TG measurements done for TBTH, it seems that the thermal decomposition of bulk 

material is insignificant or absent at least at temperatures below 200 °C. 
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Figure S1. TGA and DSC curves measured for NiCl2(TMPDA) under 1 atm flowing N2 
atmosphere with a heating rate of 10 °C/min. 
 

 
 
Figure S2. TG curve for NiCl2(TMPDA) measured under vacuum with a heating rate of 
10 °C/min. 
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Figure S3. TGA and DSC curves measured for NiCl2(TMEDA)2 under 1 atm flowing N2 
atmosphere with a heating rate of 10 °C/min. 
 

 
Figure S4. TG curves measured for TBTH (Alfa Aesar). The curves were measured under 1 
atm flowing N2 atmosphere using a heating rate of 10 °C/min and an open crucible (black), 
using a heating rate of 5 °C/min and a crucible with a lid that has a small orifice (red), and 
using a heating rate of 25 °C/min and a crucible with a lid that has a small orifice (blue). 








