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Formation of Fe and Cu Nano-Cluster by Ion Implantation and the GMR Properties
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The formation of iron and cupper nano-clusters in crystalline SiO, by ion implantation is studied. The
implantation of *’Fe and Cu ions was performed at room temperature up to a total dose of 1.9 X 10" ions/cm? with

projectiles energy of 74 keV and 80 keV, respectively.

It is shown by the measurements of conversion electron

Mossbauer spectroscopy (CEMS) and glancing angle X-ray diffraction (GXRD) that Si atoms are dissolved into the

precipitated iron nano-clusters in the Fe/SiO,.
precipitates rapidly and effectively in SiO, matrix.

Moreover, the implantation of Fe ions formed the iron nano-clusters
Furthermore, it is indicated that the addition of Cu ions into

Fe/SiO, promotes the transition from superparamagnetic to ferromagnetic states, suggesting the formation of

metastable Fe-Cu alloy nano-clusters.
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Table 1 Implantation conditions for the sample.

Dose
Matrix

Fe [ions/cm?] Cu [ions/em?]

a8i0,  1.5x10"
1.0x10"
12x10"
1.5x10"7
Si0,  2.0x107
2.5x10"
1.0x107

0.7x10"

1.2x10" 0.7x10"
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Fig.1 GXRD patterns from the implanted layers with total doses
of 1.5X 10" Fe/em® (Fe/a-SiOA) , 1.5 X 10" (Fe/c-SiOxB) ,
2.0X 10" (Fe/c-8i0,;,C) and 2.5 X 10" Fe/em” (Fe/e-SiOxD).




Py
IS A

HARAEME:

Vol.14, No.1 (2006)

— 71, bee D a-Fe (110) EH>H DEHFTIZFEY LTV 5,
Fig.l D BIEABDEENNT A2 00 T — 7 BREEDME L,
LEES/NE 720 TVD, TIbDE—7 OfEFTHER
DORELNTIRT A—F % Table 212 F & bz, BTk
1%, a-Fe Bulk) @ 0287 nm DIEIZ—E L T3, £z,
FEABZE NI O TOEHEREI NS RoTnD, Z0
FERIT, Fe A A RN Lo T o -Fe JRBI TSR S 1U%
BLTWSZEEZRLTWS, bbb, BRPogke
EOHINL, 77 AF—0f&EEZ bbb LTINS, —7,
Fig. 1 W UNT Table 2 @ ¢-Si0, 2 Oa-Si0, EA~D 1.5 < 10"
ions/em® £ TIEA LTZRRA A5 &, BERDSERTHS
DFEAERECH D DDFENTIL o -Fe OFTHICEE L T
720, I, ALO FARA~D Fe A A EADEE[6] &
HACHDB &, 1.5%107 jonslem® LD F— X B %5
SiO, Bt DERT / Wk 1L, FU F—X& 1.5x10"
ions/cm® @ Fe/ALO; L1 2 BULERENZ L, dabb,
a-Fe BRI DREDBELNATON TN Z &2 G
VIRV AY e

Fig2 (A)IL, 1.0x10" Felem?®, Fig2 B)IE, 12x107
Felem’ O F—XE THEA LTz ¢-Si0, Eobiih> & 0D CEM A2
7 MVTHY, Fig2 (O, 1.5X107Felem? D R—XFET
HEA LTz a-Si0, BRI DOUVWTD AT bAER LTS,
Fig2 (AL BYDY T AH—HA XiL, GXRD OfEhi»
HENEIERE 10 KO 140m & LTHELILTV A, Fig2
ML, HB—nv 7y v, —o0HE_H F) RO
ZOoOFE—g Fe) RENLOZEDF T Ly b (T
FHE) LoDV I AT N BERSED MHED
Mo TUND, O [mm/sFTiZ B —2 B RFov v 7 Ly e
—70%, FOTA V=7 h (IS) 75 aFe ([Fe?)
EBIETIENTED, ZOV Ty hE—21T, &
SNSRI T B a-Fe RIFDHW A RN nm BBED/NS & T
b5 LICER U CERHMERFE 2R T2 EIC L0 R
TWB[3), Fe'" & Fe" DA A ABIRREIZEI D BT HTV
BT vy M, FarvRYy b ERTE bR

148

1.0x10" Fe/cm?

Relative Intensity
5 B B

o
&

4
\o
3]

Velocity [mms]

'
)

1.2x10" Fe/em?

Relative Intenstiy
5 B B

o
&

=3
=3
=3

._
o
oo

b =

B [}

>3] =5
T

Relative Intensity

o
&

o
o
=3

0 2
Velocity [mm/s]

Fig2 CEM spectra of the Fe/c-SiO, granules for 1.0 10"
Fe/om® (A) and 12X 10" Fe/em® (B), and the Fe/a-SiO,
granules for 1.5 10" Fe/em” (C). The spectra are composed of
one singlet, three doublet, and a set sextet peaks.

Table 2 GXRD parameters obtained for the Fe/c-SiO, and the Fe/ a-Si0, sample in Fig,1.

Sample Dose Lattice Granule's Clusters
Matrix 26 Peak width

Number [Fe/em®] Parameter [nm]  Diameter [nm]

A a-Si0, 1.5x107  44.69° 0.524° 0.2865 16

B 1.5x10"7 4467 0.486° 0.2866 18

C ¢-Si0, 2.0x107  4467° 0.354° 0.2866 24

D 25x107  4467° 0.292° 0.2866 29
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Table 3 Mossbauer parameters of iron nano-particles present in implanted the Fe/c-SiO,
and the Fe/a-Si0, sample, obtained from Fig.2 (B) and (C). The column* shows the By

change relative to the site 1.

Implantation Hyperfine Parameters
Sample Fe ions By [kOe] BByl * Isomer Shift [mm/s}
lionsem®] Site] Site2 Site3 Sitel Site2 Site3 Sitel Site2 Site3
Fe/c-8i0,  12x10"7 3104 281.0 2400 1.000 0905 0773 0033 0073 0076
FeaS0, 15x107 3214 2958 2563 1000 0920 0.797 0023 0.058 0.091
Bulk Fe-Si alloy 1.000 0917 0834 0010 0.030 0.090
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% Fig4 CEM spectra from the Fe and Cu implanted c-SiO,

Fig.3 GXRD patterns from the Fe and Cu implanted c-SiO, layers with total doses of 1.7 X 10" Fe+Cu/cm’ (A) and 1.9
layers with total doses of 1.7} 107 Fe+Cuw/em*(A), 1.0 10" % 10" Fe+Cu/cm® (B).

Fe/em® (B), 1.9X10"7 Fe+Cwem’ (C), and 1.2 10" Fe/cm’

D).

Table 4 GXRD parameters obtained for the Fe/c-SiO, sample in Fig.3.

Sample Implantationions 20 Lattice parameter

Number Fefionsiem?] Cufionslemn®] Fe(110) Cu(111) Felnm] Cu[nm]

A 1.0x10"7 44.63° 0.2869
B 1.0x10" . 0.7x107 4440°  4333° 02881 03614
C 1.2x10" 44.66° 0.2867
D 1.2x10" 0.7x10" 4438 4340° 02884 03609
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Fig.5 The distribution of internal fields in the Fe and Cu
implanted ¢-Si0, layers with doses of 1.7X 10" Fe+Cu/em?
(solid curve) and 1.9 X 10" Fe+Cu/em” (broken curve).
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