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§1. Introduction 
It is widely accepted that pure bulk Ti undergoes a phase transition at 882°C from the 

hcp-Ti to bcc-Ti with increasing temperature. However, recent studies have revealed that 
when Ti was evaporated onto ultrahigh-vacuum (uhv)-cleaved NaCl substrates, bcc-Ti (lattice 
constant: 0.331 nm) grew initially and then decomposed into a mixture of CaFj-type T iH r 

(x~1.5, lattice constants.441 nm) and NaCl-type TiO y (y^l.O, lattice constant:0.418 nm) 
for very thin films (< 2 nm) (Yamada, Kasukabe and Yoshida 1990a, Yamada, Kasukabe, 
Nagata and Yamaguchi 1990b, Kasukabe and Yamada 1990). It was shown by elastic recoil 
detection analysis that the evaporated Ti films absorbed hydrogen from the interior of the 
NaCl substrate (Yamada et al. 1990b). 

In a further growth stage (> 3 nm), hcp-Ti (lattice constant: a=0.296 nm, c=0.471 nm) 
grew in addition to TiH x and TiO„. In a film more than 5 nm in thickness, areas where 
h,"p-Ti predominated could be distinguished from the regions of TiH r (Yamada et al. 1990a). 
However, knowledge of the microscopic structure and texture of the films and the interface 
between hcp-Ti and TiH x at atomic-scale is far from being complete. 

The purpose of this work is to first examine the microscopic structure of evaporated Ti 
films on NaCl substrates using high-resolution TEM observations and then to discuss the crys-
tallographic relationships and growth mechanism of the films. 

§2. Experimental 
Detailed descriptions of the preparation of evaporated Ti films were presented in earlier 

papers (Yamada et al. 1990a, Yamada et al. 1990b). Ti was evaporated onto freshly cleaved 
high-purity NaCl substrates at 250°C by an electron beam heating method. The film thickness 
was monitored by quartz crystal microbalance. 

After removal from the evaporation system, the evaporated Ti films were separated from 
the NaCl substrates by floating on water, and mounted on TEM specimen grids without an 
amorphous supporting film. These films were examined with JEOL 4000EX electron micro
scope at 400 kV. The objective lens had spherical aberration coefficient C„ = 0.94 nm. The ad
justment of the optimum crystal orientation was achieved by using aGatan TV camera and an 
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image-intensifier. 
§3. Resul ts a n d discussion 

Evaporated Ti films of 10 nm thickness on NaCl substrates at 250°C had two characteristic 
regions: CaF2 type TiH z crystallites mainly grew in one region, while the other region 
contained hcp-Ti crystallites. Figure 1(a) shows the diffraction pattern taken from the central 
dark area in the starfish-like contrast region of bright field (BF) images such as Fig. 1(b). 
In our previous papers (Yamada et al. 1990a, Yamada et al. 1990b), it was manifested that 
the fcc-like diffraction pattern stemmed from TiH r (x~1.5), not from TiO„. The orientation 
relationship between the TiH c and the NaCl substrate is (001)TiH z / / (OOl)NaCl and [100] 
T iH r / / [100]NaCl. 

Figure 2 shows the diffraction pattern taken from the area which does not have the starfish
like contrast such as Fig. 1(b). An analysis of this pattern indicates that there are mainly 
hcp-Ti and CaF 2-type TiH r in this area and that the incident direction of the electron beam 
is [0111] of hcp-Ti and [001] of TiH*. The orientation relationship between the hcp-Ti and 
the NaCl substrate is (0335)Ti / / (OOl)NaCl and [2110] Ti / / [110]NaCl. The 400 reflection 
of TiO y , which must appear at the position marked by a star in Fig. 2, is much fainter than 
that of T iH x . This fact means that TiO y crystallites are, if any, much fewer than TiH x . A 
high magnification image of the area showing such a diffraction pattern as Fig. 2 is given 
in Fig. 3. This image was carefully selected to correspond to the optimum focus (Scherzer) 
image condition. The area in Fig. 3 is divided into 3 different-orientation regions, Al , A2 and 
A3. It should be noted that there are {1101} twins and misfit dislocations marked by arrows 
at their interfaces. An atomic structure in [0111] projection of hcp-Ti is schematically shown 
in Fig. 4. As is well known, the hep structure consists of two kinds of the (0002) basal atomic 
planes which are labelled A and B. Solid circles and squares in Fig. 4 correspond to the atoms 
in the (0002) planes labelled A and B, respectively. The closest distance between two atomic 
arrays marked by M and N is about 0.056 nm in this projection. Note that four pairs of 
these marked by P, Q, R and S form a rhombus. The image of each region (for example, 
A3) in Fig. 3 consists of the black spots which form rhombuses. One of these rhombuses, 
marked by stars P, Q, R and S, can be considered to have one-to-one correspondence with 
the rhombus marked by P, Q, R and S in Fig. 4, taking account of the resolving powers 
of ~0.17 nm. This correspondence has been confirmed by computer simulation and image-
matching. These results will be reported later (Kasukabe, Yamada, Peng Ju Lin and Bursill, 
in preparation). Similarly, a detailed discussion of the crystallography of the twin orientation 
and phase transition relationships and the interface between TiH r and hcp-Ti is the subject 
of a much larger paper (Kasukabe, Yamada and Bursill 1992). 
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Figure Captions 

Fig. 1. Diffraction pattern (a) taken from the centre of the starfish-like contrast area in 
BF image (b) of a 10 nm-thick Ti film on an NaCl substrate. 

Fig. 2. Diffraction pattern taken from the area which does not have the starfish-like 
contrast such as Fig. 1 (b). The indices marked by an asterisk represent reflections of the 
TiH x . The other reflections refer to hcp-Ti. 

Fig. 3 . [0111] projection of hcp-Ti crystallites grown with the {1101} twin boundaries 
marked by Tl and T2. This area is divided into three-different orientation regions (Al, A2 
and A3). 

Fig. 4. Schematical [0111] projection of hcp-Ti. Solid circles and squares correspond to 
the atoms in the basal (0002) planes labelled A and B, respectively. Arrows represent {1101} 
planes. 
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Fig. 3. 
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