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Synthesis of Fe-Cu Alloy Nano-clusters by Ion Implantation
and the TMR effect

Nobuyuki HAYASHI, Takayuki MORIWAKI

Abstract:

Metal-insulator nanocomposite layers synthesized by high dose implantation of magnetic ions into insulating
oxides provide attractive structures such as giant magnetic tunneling junctions. An eminent tunneling magnetor-
esistance (TMR) effect was observed in «-Al,O; single crystals implanted with 100 keV Fe* ions, where the
implanted layers exhibit a magnetoresitance (MR) ratio of about 7 ~ 8%. The obtained value is about twice as
large as that observed for similar granular Fe/AlLO, films prepared by rf sputtering. Furthermore, we have
succeeded in synthesizing nanosized clusters of FeCo alloys in the Al,O, matrices by sequential implantation of Fe
and Co ions. It was also demenstrated in the FeCo granular layers that alloying leads to an increase of the iron
magnetic moment. From the result the MR ratio is expected to increase to a value of more than 109% at room
temperature.

Through these studies we have obtained detailed information on the aggregation states of implanted Fe ions
by means of conversion electron Misshauer spectroscopy (CEMS). CEMS provides highly sensitive and micro-
scopic means at atomic scales for such characterization especially when it is combined with the mass-selected *'Fe
implantation. In the studies we have reported an eminent enhancement of TMR effect by changing the relative
amount of ¥'Fe and **Co ions implanted in Al,O; matrices with an energy of 100 keV and presented the largest MR
ratio at room temperature among the values reported in the Fe-, Co-, and FeCo granular films.

In this study the formation of iron and copper nano-clusters in crystalline Al,O; and SiO, by ion implantation
is reported. The implantation of *'Fe and “Cu ions was performed at room temperature up to a total dose of 1.5 %
10" jons/cm? with projectiles energies of 74-105 keV. It is shown by CEMS measurements and glancing angle X
-ray diffraction (GXRD) that Fe implantation into the SiO, substrate leads to the dissolution of Si atoms into the
precipitated iron nano-clusters. Furthermore, it is indicated that the addition of Cu ions into both Fe/Al.Q; and
Fe/Si0, granules promotes the transition from superparamagnetic to ferromagnetic states, suggesting the forma-
tion of metastable Fe-Cu alloy nano-clusters.
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Fig. 1; Simulated distribution curves of implanted
ions in Si0, matrices calculated by Trim
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Table I; Implantation conditions for sample preparation and the sample name.
Matrix Energy [keV] Dose Cu concen- Sample
Fe/Cu Fe [ions/ecm?] Cu [ions/cm?] | tration [at.%] name

Crystalline | 74keV/Fe 1.0x10% 0.7%107 41 FeCudl/SiO

Si0, 80keV/Cu 1.2X10% 0.7X10'7 37 [FfeCu37/Si0O
1.5x10% 1.5Fe/Si0

aAl,O, 100keV/Fe 1.0x 10" 10X 10" 50 FeCu50/A10

105keV/Cu 1.2X10% 1.2Fe/AlO

1.2X10%Y 0.8x10% 40 FeCud0/A10
1.6X10% 1.6Fe/Al10
1.6x10" 0.5x10" 24 FeCu24/A10
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Fig. 2; (A) CEM spectra from the Fe and Cu implant-
ed ¢-Si0, layers with total doses of 1.5 10"
Fe+Cu/em® Marks © denote data points and
solid lines represent analyzed curves, (13)
Spectrum diagram corresponding to CEMS in
(A).
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Fig. 3; GXRD patterns from the Fe and Cu implanted
c-Si0, layers with total doses of 1.0X10'" Fe/
cm® (A), 1.7xX10" Fe+Cu/cm?® (B), 1.2xX10"
Fe/cm? (C), and 1.9 X10*" Fe+4Cu/cm?® (D).

Table II; GXRD parameters obtained for the Fe/c
-$i0, samples in Fig. 3.

Sample  Implantation ions 20 Lattice parameter
Ie Cu
Number [ions/em?] [ions/cm*] ~ Fe {110) Cu (111)  Fe [nm] Cu [nm]
A L0x10m 44.63° 0.2869
B L0X10% 0.7x107 44.40° 43.33° 0.2881 0.3614
C l.axivw 44.66° 0.2867

D L2XI0Y 0.7x10" 44.38° 43.40° 0.2834 0.3609
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Fig. 4; CEM spectra from the Fe and Cu implanted ¢-SiO, layers, 1.0 10" Fe/em?* (A), 1.7x10" Fe+Cu/cm?
(B), 1.2x10' Fe/em?® (C), and 1.9X10°7 Fe+Cu/cm? (D).
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Fig. 6; Magnetization curves for the Fe/AlO with a
dose of the 1.2x 10" Fe/cm?* (thin lines) and
FeCu40/AlO sample with the doses of 1.2
107 Fe/cm?® and 0.8%107 Cu/cm?® (thick
lines), in perpendicular (A) and in-plane
external fields (B).
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Fig. 7; GXRD patterns from the Fe and Cu implanted Al,O, layers; 1.0 %
10'7 Fe/em® (A), (1.04+0.7) X 10" Fe+Cu/em?® (B), 1.2x10" Fe/
em? (C), and (1.2-0.8) X10'" Fe+Cu/em?® (D).
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Fig. 8; CEM spectra from the Fe and Cu implanted AlLO, layers with total doses of 1.2 %107 Fe/cm® (A),
(1.2+0.8) 10" Fe+Cu/cm® (B), 1.6 10" Fe/cm? (C), and (1.6+0.5) 10" Fe+Cu/cm? (D).

Table III; Some hyperfine parameters for FeCud0/AlO and FeCu24/A10 samples.

Fe-40%Cu Fe-24%Cu

3(A), as Fe | 3(B), after Cu 3(C), as Fe | 3(D), after Cu

implanted implantation implanted implantation
Rel_alwe amf?untl of suI‘}:ir 61 1 99 15
paramagnetic lines (%
Relative amount of ”
ferromagnetic lines (% =4 . 4 Al

By (T) 22.8 30.8 24 .4
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Table IV; Magnetoresistance ratio of Fe-Cu/Al,Q,
Q B; Fe-40%Cu % granules.
g - _O.o-"c T Samples MR ratio (%) Rir:(G0)
€ [oomar® i Fe-50%Cu 0.9 3.34
%2 o8 04 0 e 09 e Fe-402Cu 1.7 0.56
External fiels (T} Fe-249%Cu 3.7 2.68
Fe (no Cu) 7.5 11.8
or o)
L A 1.2X10" Felem®
2r §4 A VAR &2 T AN 2 LD TR L,
2 .l ) HAA A IR V¥ — (2 OHS D 1 /1007
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T -o'.a 4 0 04 o8 12 NA 7Yy TORIEIE, CaBomis TERE cadinH

External fiels {T)

Fig. 9; MR curves for the Fe/AlLQO, and Fe-Cu/
ALO, granules; (A) 1.2x10" Fe/cm? and (B)
(1_52):«’ 10" Fe/cm®+0.8%10'7 Cu/cm?® (Fe-409%

u).
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