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Thin TiDy/Pd bilayer films [1] can be applied as a useful source of deuterium used in chemical and 
energetic reactions. Evolution of hydrogen from such material is realised by heating induced 
decomposition of titanium deuteride. This process can be monitored using the method of thermal 
desorption mass spectrometry (TDMS) [2]. The question is how and to what degree structural 
changes occur as a consequence of TDMS heating induced decomposition of the titanium deuteride 
phase in ultrathin TiDy/Pd films. In this paper we present the results of a combined SEM/TEM 
study dealing with this question. The results are compared for two ultrathin TiDy/Pd films, one 
before, the other after TDMS processing.  
 
Ultra-thin TiDy/Pd films (10 - 20 nm thick TiDy films covered by 10 - 20 nm thick Pd films) were 
prepared in a UHV glass system [3] by in situ evaporation of a Ti film on a Si(100) substrate, 
volumetrically controlled D2 sorption at 300 K and finally Pd film post-evaporation. Decomposition 
of the titanium deuteride phase in the TiDy/Pd film, was monitored in situ by TDMS using a heating 
rate of 50 K/min. Under these experimental conditions decomposition of titanium deuteride is 
realized in 10 - 12 min. A typical TDMS spectrum of deuterium evolved from the TiDy/Pd film is 
shown in Fig.1a.  
 
Morphological and structural examination of both films was performed ex situ. The surface 
morphology was disclosed using SEM analysis, whereas the bulk structure of these films was 
investigated using TEM. The TEM specimens of both films were prepared in cross-section (XS) 
according to the recipe described in Ref. [4]. XS-TEM in combination with Energy Filtered TEM 
(EF-TEM) and EDX point analyses were used to obtain information regarding the bulk structure 
and the elemental distribution within both corresponding films.  
 
It was found that the high-temperature TDMS processing of the ultrathin TiDy/Pd film, which was 
carried out in a relatively short time, leads to a significant film structure transformation. Super fine-
grained (10 ± 2 nm) surface morphology, which is attributed to the ultra-thin TiDy/Pd film (Fig. 1b), 
is transformed into a fibrous-like transition structure (Fig.1c). We observed also a partial 
degradation of surface clusters (40 - 200 nm), which are formed by aggregation of very fine surface 
grains (compare Figures 1b and 1c). EF-TEM mapping of cross-section images revealed extensive 
inter-diffusion of Ti and Pd within the Ti-Pd bi-layer film. This process, observed also in thicker 
Ti/Pd films [1], becomes now more pronounced leading to a visible enrichment of Ti on top of the 
Pd film surface (see Ti map, right-column in Fig.2). EDX point analyses confirm this observation. 
Moreover, the EF-TEM Si elemental map (Fig.2, right column) reveals a significant penetration of 
Si atoms from the Si-substrate into the Ti area of the Ti-Pd film. It is likely that inter-diffusion of 
the elements involved is induced mainly by the short-time high-temperature annealing step 
accompanying the TDMS process. However, we cannot exclude the possibility that the structural 
transformation of the TiDy/Pd film as a result of the titanium deuteride phase decomposition affects 
also the diffusion path of the elements making inter-diffusion even more likely.  
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Figure 1.  (a) TDMS spectrum of deuterium 
from a TiDy/Pd film with a total thickness of 20 
nm. The adsorption temperature was 300 K and 
the final equilibrium deuterium pressure was 1 
Pa. SEM images of the TiDy/Pd film surface 
before and after TDMS processing are shown 
in (b) and (c), respectively.  
 

 
 
Figure 2. Energy filtered TEM (EF-TEM) 
analysis of the TiDy/Pd layer before (left 
column) and after TDMS processing (right 
column). The Bright Field cross-sectional XS-
TEM images of both films are presented on 
top of each column. Below the XS-TEM 
images are shown the associated elemental 
mapping images of Si (L2,3 edge), Pd (M4,5 
edge) and Ti (L2,3 edge). The elemental 
distribution is marked in white color. 
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