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LARGE MAGNETIC INFLUENCE OF INTERFACIAL Fe WITH SiO, SUBSTRATE IN FeCuPt GRAINS

*Ren Kobayashi?, Masayuki Imazato', Aki Ogasawara® and Arata Tsukamoto?

We already reported that isolated several tens of nano-meters L1o-FeCuPt and L1o-FePt grains were fabricated by Rapid Thermal
Annealing (RTA) and Rapid Cooling Process (RCP)MIIEL, |n this fabrication process, we showed that interface between the SiO-
substrate and the metallic layer had important role of the isolated FeCuPt grain formations and magnetic properties. Fe nearby
interface didn’t crystallize for L1lo-FeCuPt. Oxidization of the interfacial metallic layer was considerable factor to fabricate
L1o-FeCuPt grains.

1. Introduction (a) (b) 1.88 nm
For high density Thermally Assisted Magnetic Recording (TAMR), we already = -
reported that isolated several tens of nano-meters L1o-FeCuPt and L1o-FePt grains Plas(0-920m) Pt100x
were fabricated by RTA and RCP for Pt / Cu / Fe and Pt/ Fe multilayered ultra-thin Fe,
films on the SiO, substrates. In this fabrication process, we focused that interface so, | [ so, |
between the SiO; substrate and the metallic layer might have important role of the Si Si
grain formations and magnetic properties. Therefore, to investigate the influence of ‘*{Fe\ —
interfacial condition, (a) We executed excimer substrate surface treatment with ot 0920m) Pt;5(0.62nm)
several irradiation times and fabricated of FeCuPt multilayered films with different — E:::{f::::)’
sequences. More detail, (b) We deposited Pt / Fe double layers with changing
composition of FexPtioox (X = 50 to 63.7) on the SiO; substratell, Si0, Si0,
Si Si
2. Experimental method \{C;‘\ \_{pt‘—\
We experimented two methods. As for the layer design of Figurel Layer designs of (a) FeCuPt and
Figurel (a), for the gradual change of the SiO, substrate (b) FePt thin films.
surface condition, the SiO, substrate was irradiated by  [samgesJil  withoutirradiation 5 sec 30 sec
D,:14.6nm 5:12.1nm

excimer light with times (T;) of 0, 5 and 30 s. After this 1 2 N,:1.01Tparticles/inch?
process, the Fess Cuw Phs multilayered films shown in Sp : B : S
Figurel (a) were fabricated by DC magnetron sputtering in
0.18 Pa pressure ArH (H2: 3 vol. %) gas atmosphere. Total
film thickness of all samples were 1.88 nm. These films were
annealed by RTA process in the vacuum chamber at 3.0x1073 SCu ;
Pa. The heating up rate was about 90 °C /s. Reaching at the
maximum temperature of 600 “C, the optical pass was shut . . N, .16T$mdes,«in;h:
out by shutter then N gas was introduced for RCP. As for the SPt £ ’ SR

layer design of Figurel (b), we deposited Pt / Fe double "',

layers with changing composition of FePtigox (X = 50 to
63.7) on the SiO, substrate by DC magnetron sputtering in

Figure 2 SEM images, Da and N, of the FeCuPt grains made
on each condition.

same as (a) condition. The RTA process was also executed in

same as (a) condition. The isolated grains were observed by Scanning Electron Microscope (SEM). The magnetic properties were

measured by Superconducting Quantum Interference Device - Vibrating Sample Magnetometer (SQUID-VSM).

3. Result
3—(a). Interface condition dependence of grain formations and magnetic properties

Figure 2 shows the SEM images, number density of grains (N,) and average grain diameter (D5) in each sample. If the first
deposited metallic element was A, we defined the sample name as Sa. As for the N,, the values were Sge >> Scy > Spr. Furthermore,
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substrate surface treatment much affected to increase N, in sampesTi|  Without irradiation 5 sec 30 sec
o 600 o 600 - 600
Sre that had active metallic first deposited layer. These results - 00 | = w0
] o g o
suggest that substrate surface treatment by irradiating SFe 200 Foo | S0
-600 — + -600 s &-600 e
excimer light affect oxidization to interfacial metallic layer. #-6-42024685 s64202468° 8642024658
Magnetic field[T] Magnetic field[T] Magnetic field[T]
N, depends on metallic grains newcreation point of oxide. T 7w 2

Figure 3 shows magnetic properties in each sample. About ° ‘f 0 :.,__j-‘ * of J"

Sre and Scy, coercivity (Hc) was decreased by excimer light

86420246 82 864200246 8 -8-6-4-20 2 4 6 8

irradiation. On the other hand, H. of Spx was almost not Mot e Leanete e et e

changed. It means oxidization of interfacial metallic layer ” wj"‘ = f Ew f
affect crystallization. SPt 5o a0

-600 2600
8-6-4-202 406 8 —8—54*202468% 8-6-4-202 46 8

Magnetic field[T] Magnetic field(T] Magnetic field[T]

Figure 3 Magnetization VS Magnetic field of the FeCuPt grains
made on each sample measured by SQUID - VSM at

3—(b). Composition ratio dependency of magnetic properties
To investigate interfacial influence in more detail, we
deposited Pt / Fe double layers with changing composition of

R.T.
FexPtioox (X = 50 to 63.7) on the SiO; substrate. These double L0 oo
layer films were simpler design than FeCuPt multilayered " x=50 " | =55

films. Figure 4 shows magnetic properties on applying
magnetic field in each sample. Relations between each

-1,500 e S -1500
composition and Hc were {x,Hc} = {50, = 0 T}, {55, < 0.2 8-6-4-202 46 8 8-6-4-20 246 8

-500 -500 |

Magnetization[emu/cc]
Magnetization[emu/cc]

Magnetic field[T] Magnetic field[T]
T} {57, 26 T}, {62, 4.2 T} and {63.7, 3.8 T}, respectively. T 1500 T 1 e
In the case of X = 57, 62 and 63.7, large values of H. were o |7 o | T
appeared. For x = 62, simple hard magnetic hysteresis loop § 0 | % o0 |
was observed. However, in x = 57 and 63.7, characteristics g» %
= -1,500 - = -1,500 e —
like soft magnetic properties also were observed below *1 -8-6-4-20 2468 86-4-20 2 4 6 8
Magnetic field[T] Magnetic field[T]
T. These results suggest that Fe nearby interface didn’t T 1500
crystallize for L1o-FeCuPt, E
5. Summary g 0
In the RTA process of fabrication FeCuPt and FePt grains, 2 1,500 PSR
we focused that interface between the SiO,substrateand the Magnetic ield(Tl
metallic layer might have important role of the grain Figure 4 Magnetization VS Magnetic field of the FePt grains made on
formations and magnetic properties. As for the N, the values each condition measured by SQUID - VSM at R.T..

were the Sge >> Scy > Spr. Substrate surface treatment much

affected to Np and Hc in Sre. These results suggest that oxidization of interfacial metallic layer affect grain formations and magnetic
properties. Furthermore from the relation between x and He, Hc couldn’t appeared in the case of x < 50. These results suggest that Fe
nearby interface didn’t crystallize for L1o-FeCuPt. Oxidization of the interfacial metallic layer was considerable factor to fabricate
L1o-FeCuPt grains.
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