” Experiment title: THE FE3(CO7¢/NIO(111) INTERFACE DURING Experiment
-,:‘.._'o..,..'.:.:, ITSFORMATION - STRUCTURE AND MORPHOLOGY BY GRAZING number:
o I NCIDENCE X-RAY DIFFRACTION (GIXD) a2
ESRF 32-3-48
Beamline: | Date of experiment: Date of report:
from:  26.04.2000 to: 08.05.2000 15.01.2001
Shifts: L ocal contact(s): Received at ESRF:
35 Dr. Antoine BARBIER

Names and affili ations of applicants (* indicaes experimentali sts):

Cristian MOCUTA”", Antoine BARBIER', GillesRENAUD", Marie PANABIERE

CEA-Grenode, DRFMC/SP2M/IRS
17,rue des Martyrs
38054Grenolde Cedex, France

Report:

This experiment amed at studying in detail the growth of a CoFe film on NiO(111) single aystals
and the interface formation. This dudy was performed within a larger projed of investigation d
ferromagnetic (F) films (Co, NiFe and CoFe) on pdar oxide surfaces like NiO(111) which we can prepare
with a high cristalli ne quality (see experimental reports SI-398 S| -536).

Depending on the cmpaosition, CoFe dloys siow an FCC or BCC structure. While for the relaxed
FCC structurein (111)//(111) epitaxy onthe substrate an hamotheticd redprocd spaceis observed die to the
smaller lattice parameter (~18%), the BCC structure is expeded mainly to chose a(110)//(111) epitaxy. From
the lattice parameters and peak positions of the (110scc phase mmpared to the NiO ones it is possble to
determine the preferential epiatxy. In the foll owing, the expeded cubic structures will be dencted by:

(@ [110scd/[100hex nio
(b) [110scd/[110hex nio

Several samples were prepared, varying the substrate temperature during the deposition: 250, 330and
350%C. In all cases, the CoFe layer was prepared by co-deposition from two Omicron Co and Fe sources, a a
typica deposition rate of 1 A/min. All situations were investigated in detail by Grazing Incidence X-ray
Diffradion (GIXD): for ead thickness sarting from fradions of mondayer (ML) up to 1004, in-plane and
out-of plane scans were performed.

At the lower depasition temperature, signal is found oty for relatively high thicknesses of CoFe. No
particular epitaxial relationship is found. The CoFe seans to adopt mainly the BCC structure, with a (110
texture, as e by amost constant intensity diffradion rings in the surfaceplane. This stuation is not well
suited for GIXD. At higher temperatures, the film adopts both the FCC and the BCC structures (figure 1).
The structures devel op duing the deposition process as $own by the intensity increase of the pe&ksin figure
1 with increasing the deposited CoFe. An in-plane large rocking scan at correspondng g transfer moment
(2.26r.l.u. d NiO(111) shows the presence of the (a) and (b) epitaxy, with twins (figure 2). Only traces
(<10%) of the (b) structure ae found.The relatively large width of the pegks (abou 15° compared to ~1-2°



for the Co and NiFe films) may be the cnsequence of the different symmetry (4) of the layer crystalline
structure with resped to the hexagonal one of the substrate.

Like in the cae of the permalloy on NiO, high temperature depasition lealds to formation d a spinel
interface due to some Fe diffusion into the NiO substrate. This is evidenced by the occurrence of pedks
having half spadngin the redproca space(doulde unit cdl with resped to NiO, in the red space. In figure 3
is hown the integrated intensity of a p(2x2) NiO reconstruction peek (the (1/2,1/2,0)ni0). At the beginning,
the deconstruction d the surface by metalli zation leads the signal in this peak to vanish. Then, the signal
increases more than itsinitial value, due to the spingl formation. This inel layer was also evidenced by later
high resolution and energy filtered Transmisson Eledron Microscopy (HR- and EF-TEM).

The decay of the recnstruction signal is much faster than for the case of the Co/NiO(111) and similar
to the NiFe/NiO(111) case, showing the benefic efed of the Fe (in Fe-rich layers) in wetting the NiO(111)

single aystalli ne substrate.

Although the aistaline quaity of the CoFe film remains well poarer than the one of the Co o NiFe
films, mainly due to the formation d the abic structure, it also show the genera feaure of such films on
NiO(111): the exchange amuding manifested through an increase of the wercivity of the F layer. The poa
crystalli ne quality is manifested by a smaller couging, evidencing the important role of the structure in the
exchange phenomenon.
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Figure 1. In-plane scan aong the [h,h,Q]nio Figure 2: In-plane rocking scan at g;,=1.26NiO
diredion for different thicknesses (from 0O to rl.u. The (a) and (b) CoFe BCC structure ae
100A) of the CoFe film. This diredion crosses evidenced.

the Bragg pe&k common to the FCC and
twinned-FCC structure (h=1.18 and the one
charaaeristic of the (b) BCC variant (h=1.26).
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