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Abstract

This dissertation is mainly to study the growth of osmium (Os) and the properties of
magnetic films with an Os layer. By insertion an ultrathin Os layer between CoFe/OsMn
interface, the coercivity (H.) and hysteresis squareness (S) of samples after annealing below
400°C can retain nearly the same value of that at as-deposited state. In the CoFe/Os/OsMn
system, as revealed from the AES depth profile, the Mn atoms in OsMn layer did not enter the
CoFe layer, and this result indicated the Os layer had potential to act as the diffusion barrier of

Mn atoms.

The CoFe/IrMn films on SiO; substrate without Os buffer layer did not show the IrMn
fcc (111) and the CoFe fcc (111) peaks anduts exchange field (Hex) is almost zero. Since Os is
a hexagonal close-packed (hcp) metal and its basal (0002) plane has the same atomic
arrangement of a (111) plane in fee. When'the Os layer deposited by metal-metal epitaxy on
silicon (MMES) method with a Cu seed layer on the hydrogen-terminated Si substrate, the
texture CoFe/IrMn could be grown, and a clear fcc (111) peak was observed. The Os layer on
H-Si (100) and H-Si (111) shows different surface mesh for CoFe/IrMn growth. The structure
of IrMn in CoFe/IrMn/Os/Cu/Si(100) can turn from (002) to (111) during increasing the
thickness of Os layer. The much better crystallinity of the CoFe/IrMn showed better S, thus,
the switching process of magnetization was more coherent. The textured CoFe/IrMn reached
its Hex, max at 250°C, while the Hex vanished at 350°C. Compared with the non-textured
CoFe/IrMn, the 50°C and 75°C of improvement on the temperature at which the Hexmax
appeared and the He, disappeared were remarkable, respectively. For all the samples with an
Os barrier, its CoFe/IrMn showed larger Hex than that of the as-deposited state. These mean

that a CoFe/IrMn film can have a better thermal stability with adding an Os diffusion barrier

il



layer and an Os buffer layer.

Finally, by choosing the appropriate buffer layers, high-oriented hcp (0002) with 6-fold
symmetry Os films can be grown on hydrogen-terminated Si (100) and Si (111) substrates by
magnetron sputtering at room temperature, respectively. Using a Cu buffer layer, the lattice
mismatch between Os (0002) and Si (100) was significantly reduced from >30% to ~7%, and
thus Os films can grow with twin relationships and weak 6-fold symmetries. A 12-fold
in-plane symmetry resulted from two sets of (0002) epitaxial grain rotated by 90° with
respect to each other along [0002] direction was observed. On the other hand, the Cu/Au
buffer layer was selected to form an fcc (111) surface mesh on H-Si (111)-1x1. The 6 high
intensity peaks of XRD ¢ scan diffraction were measured and which indicated the 6-fold Os
(0002) can be well controlled. According to the properties mentioned above, Os do have high

application potential and play an-important role-on integrating the ULSI and MTJ processes.
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nm Os films with and without 30 nm Cu buffer layer on Si(100),
respectively. Clear Os (0002) peak and weak Os (1011) peak were
observed. The inserted picture shows that the intensity of the Os (0002)
was strongly dependent on the thickness of Os layer.

(a) the cross section TEM image of the Ta/ Os 30/ Cu 20/ Si(100).
Many areas show very good layer by layer microstructures in the(b)
interface between Cu and Os and (c) Os layer.

The X-ray diffraction patterns of the Os (0002) peak intensities for
samples with the thickness of Cu buffer layer varied from 1 to 30 nm.
(a) the X-ray ¢ scans of the Os {1011} of the Os on Cu (002)/ Si(100).
(b) is a schematic illustration of the epitaxial relationships between Os
(0002) and Cu (002). The relationships are: Cu(002)// Os(0002),
Cu[110]//0s[1120], Cu[110]//Os[2110] in  “A” grain, and
Cu(002)//0s(0002), Cu[110]//0s[1120], Cu[110]//Os[1230] in “B”
grain.

(a) is the cross section TEM image of the Ta/ Os 30/ Cu 10/ Si (111),
and (b) is the high magnification view of the interface between Cu and
Os layers; while the‘white dash line'roughly presents the non-smooth
interface and the white arrows- indicate the different growth direction of
the Os (0002) near the interface. (c) is the X-ray ¢ scans of the Os
{1011} of the Ta/ Qs 30/.CurtO/-Si(111).

(a) The XRD pattern‘of Os on H-Si (111) with Pd buffer layer. The inst
shows the XRD ¢ scan results. (b) Some dislocations were found in the
cross sectional TEM image between the interface of Pd and Os.

The XRD patterns of Os on (a) Au and (b) Ag buffer layer on Si (111)
showed they were both epitaxial growth. The inst in both figures shows
the XRD ¢ scan results, respectively.

(a) The XRD pattern of Os on H-Si (111) with buffer layer. The XRD ¢
scan results of Au (the inset in (a)) and (b) Ag both indicated the Os
film and the buffer layer were epitaxial growth.

(a) The TEM cross sectional images of Os/Cu/Au/H-Si (111) shows the
films growth is closed to epitaxial growth. (b) is the high magnification
image of Os/Cu interface and the uniform atomic arrangement can be
found. The inset presents the TEM electron diffraction pattern of Os/Cu
interface.

Schematic illustration of the Os uses on combining ULSI processes

with MTJ manufacturing.
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