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Magnetic tunneling junctions (MTJs) have a sandwiched structure, which comprises a top ferromagnetic
(FM1) layer, an insulating tunneling layer (spacer), and a bottom ferromagnetic (FM2) layer. Exchange
coupling in MTJs has been extensively widely examined because the effect of spacer thickness on the
ferromagnetic spin-coupling can be exploited in read-head sensors, spin-valve structures, and magntore-
sistance random access memories (MRAMs). In this investigation, MT]s were deposited in the sequence,
glass/CoFeB(50 A)/AlO,(d)/Co(100 A), where the thickness of the AlO, layer d=12, 17, 22, 26 or 30 A. Sat-

1731‘51(.;50 Bt uration magnetization (Ms) results demonstrate that the exchange coupling strength and coercivity (H,)
75. 60. Nt can be varied considerably by varying the tunneling barrier AlO, spacer. The X-ray diffraction patterns
75. 70.—i (XRD) include a main peak from hexagonal close-packed (HCP) Co with a highly (0 0 2) textured structure

at 260 =44.7°, and AlO, and CoFeB are amorphous phases. The full width at half maximum (FWHM) of the
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1. Introduction

In recent years, increasing attention has been paid to ferro-
magnetic exchange coupling in magnetic fields [1-3], and the
discovery of spintronics has led to a rapid increase in the num-
ber of exchange coupling issues of interest. A magnetic tunneling
junction (MT]) has a trilayer structure that is composed of a top
ferromagnetic (FM1) layer, an insulating tunneling layer (spacer),
and a bottom ferromagnetic (FM2) layer, which can be used in
high-density read/write heads, magntoresistance random access
memories (MRAM), and gauge sensor fields since spin-dependent
tunneling induces a very large magntoresistance [4-10]. The
magntoresistance depends on such factors as the indirect spin
exchange-coupling of ferromagnetic layers, and the quality of
the insulating tunneling layer, which both significantly influence
the magnetic performance. However, the fabrication of high-
quality junctions requires a ferromagnetic layer with a high spin
polarization, perfect microstructure, and proper sufficiently indi-
rect spin exchange-coupling between the FM1 and FM2 layers
[11-13]. Chen et al. investigated the Si/Ta/CoFeB/AlOx/Co/IrMn/Ta
and glass/Co/AlOx/CoFeB systems [14,15]. The results showed that
the higher 63% of tunneling magntoresistance (TMR) ratio was
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obtained in Si/Ta/CoFeB/AlOx/Co/IrMn/Ta system, and 12% of TMR
was obtained in glass/Co/AlOx/CoFeB system. However, in this
glass/CoFeB/AlOx/Co MT], we found a much lower TMR ratio. In
short, the higher TMR ratio of MT]J is related to deposited film
sequence and different substrate effect. Nevertheless, few investi-
gations of the properties of CoFeB/AlOx/Co MT]s have been carried
out. It is worthwhile to study the tunneling barrier AlOy as spacer
in the magnetic performance. This study focuses on the correlation
between the ferromagnetic crystallinity and the magnetic proper-
ties. The results demonstrate that a stronger Co (00 2) texture is
associated with stronger saturation magnetization (Ms) and lower
coercivity (Hc).

2. Experimental details

A multilayered MT] was deposited onto a glass substrate by dc and rf magnetron
sputtering system. The typical base chamber pressure was less than 5 x 10~7 Torr,
and the Ar working chamber pressure was 5 x 10~3 Torr. The MTJ herein had the
structure glass/CoFeB(50 A)/AlO,(d)/Co(100A) with d=12, 17, 22, 26 or 30A. The
target composition of the CoFeB alloy is 40 wt.% Co, 40 wt.% Fe, and 20 wt.% B. To
form an AlOy barrier, Al was firstly deposited on the bottom FM electrode (the CoFeB
layer), and the AlOy layer was then formed by reactive sputtering in an oxidizing
atmosphere that was composed of a mixture of Ar/O; in the ratio 9:16. The plasma
oxidation time varied from 30 to 70 s as the initial thickness of the Al layer increased
from 12 A to 30A. To investigate the microstructure, the degree of Co (002) layer
texturing was characterized by X-ray diffraction (XRD) using Cu Koy radiation. The
magnetic properties of MT] were determined using a superconducting quantum
interference device (SQUID).
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Fig. 1. X-ray diffraction plots of CoFeB(50 A)/AlO,(dA)/Co(100 A) MTJ.

3. Results and discussion

Fig. 1 displays the XRD patterns of the laminated
CoFeB(50 A)/AlOy(d)/Co(100 A) MT]J junctions. This result demon-
strates that the junctions have a hexagonal close-packed (HCP) Co
(002) texture at 20=44.7°. Additionally, the microstructures of
CoFeB and AlOy are amorphous. In order to confirm the HCP Co
(002) structure, the Bragg’s law can be estimated for d-spacing
distance of each diffraction plane [16]. The Bragg’s formula can be
written as:

A= 2dhkl sinf (])

where A denotes the wavelength of the CuKa; line; dp, means
the inter-spacing distance of each diffraction plane; and 6 is the
half angle of the diffraction peak. According to formula (1) calcula-
tion, the dpy; of Co is 2.0257 A. Comparing to previous investigation
[17,18], the dj,; of FCC Co (11 1) is 2.0467 A, and the dp of hexag-
onal close-packed Co (002)is 2.023 A. It indicates that the HCP Co
(002) exists in this study. We can confirm that the Co structure
is hexagonal close-packed. Fig. 2 presents the corresponding full
width at half maximum (FWHM, B) of the Co (00 2) peak.

Fig. 2 plots the B (FWHM) of the CoFeB(50 A)/AlOx(d)/Co(100 A)
MT]Js as a function of d. Scherrer’s formula can be written as,

D =0.91/Bcosf (2)

where D is the grain size; A denotes the wavelength of the CuKoq
line; B is the full width at half maximum of the (00 2) peak, and 6 is
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Fig. 2. FWHM (B) as a function of thickness (d) of AlOy layer.
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Fig. 3. Dependence of saturation magnetization (Ms) on AlOy thickness (d) in
glass/CoFeB(50 A)/AlOx(dA)/Co(100 A) junction.

the half angle of the diffraction peak. This formula can be utilized
to calculate the grain size and determine the crystallinity [16,19].
As presented in Fig. 2, B is reduced by increasing the AlOx tunnel
barrier thickness, such that the FWHM of the Co layer decreases.
This phenomenon explains the increase in the grain size of Co and
the enhancement of the Co (00 2) texture.

Figs. 3 and 4 present the magnetic properties of CoFeB/AlOx/Co
MT]. First, Fig. 3 plots the saturation magnetization as a func-
tion of AlOy thickness. The M; of Fig. 3 represents the total spin
exchange-coupling contribution of CoFeB/AlOx/Co. Evidently, in
our experimental result, in the absence of a spacer tunneling barrier
AlOy layer, the direct spin exchange-coupling effect of the CoFeB/Co
bilayer structure is stronger than the indirect spin exchange-
coupling effect of the CoFeB/AlO,/Co MT], suggesting that inserting
a tunneling barrier AlOy into the CoFeB interface causes an indirect
spin exchange-coupling oscillation. The Ms of CoFeB/AlOx/Co MT]J
is increased to 850 emu/cm3 with the AlOy thickness. Co texturing
is therefore reasonably concluded to induce an indirect ferromag-
netic spin exchange-coupling interaction between the CoFeB and
Co layers. The Co texture of MT] can be possible concluded that the
magneto crystalline anisotropy demonstrates the CoFeB/AlOx/Co
exchange-coupling effect, results in higher M;. Based on this reason,
the stronger Co (002) texture can enhance higher indirect ferro-
magnetic spin exchange-coupling, revealing the results in Fig. 3.

Fig. 4 plots the dependence of coercivity on the AlOy thick-
ness (d). From the hysteresis loop result, it exhibits the two-step
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Fig. 4. Coercivity (Hc) as a function of AlOy thickness (d) in

glass/CoFeB(50 A)/AlOx(dA)/Co(100 A) junction.
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characteristic, we can infer the anti-parallel alignment between
the CoFeB and Co layers. When the external field (H) switches the
CoFeB/AlOy/Co, it initially rotates the coercivity of CoFeB, then as a
larger field H, the coercivity of Co is rotated to saturation. Hc falls as
the AlOy thickness increases. A possible cause is the spin coupling
and the degree of decoupling of CoFeB/AlOx/Co in this situation.
The Co (002) texture can strengthen the spin exchange-coupling
arrangement. From Fig. 2, a thinner AlOy is associated with a larger
FWHM, and a weaker Co (002) texture. When the external field
(H) is used to switch the MT]J junction, it must rotate the CoFeB
and Co layers, increasing the Hc value. In contrast, the Co (002)
texture can strengthen the spin exchange-coupling interaction
between the CoFeB and Co layers as the AlOy layer becomes thicker.
The rotated field (H) only switches the CoFeB/AlOx/Co exchange-
coupling field, reducing the H. value. From the magneto crystalline
anisotropy, the stronger Co (00 2) texture induces the higher indi-
rect CoFeB/AlOx/Co exchange-coupling interaction. The weaken Co
(002)texturereduces the lower CoFeB/AlOx/Co exchange-coupling
interaction. When the external field (H) rotates the weaken Co
(002) texture of CoFeB/AlOx/Co MT], it must rotate the coercivity of
CoFeB and Colayers individually, results in higher H¢ value. Another
possible cause may be the polarization and depolarization of spin
tunneling in the oxidation plasma process. Briefly, if d is thin (for
example, d=12A), then the CoFeB bottom electrode may become
over-oxidized, causing the oxidation at the CoFeB/AlOy interface.
The surface pinning effect at the CoFeB/AlOy interface may pro-
duce some defects, such as inclusions, and may result in oxidation
and roughness. The defects can make motion of the domain walls
difficult and increase Hc [20].

4. Conclusions

CoFeB(50 A)/AlOx(dA)/Co(100 A) MT]Js were fabricated to exam-
ine their microstructure and magnetic properties, including M;
and Hc, as functions of the AlOy barrier thickness d (which was
varied from 12 to 30A). The microstructure of the MTJs reveals
that the Co (002) texture becomes stronger as the thickness of
the AlOy layer increases. The FWHM of the Co (00 2) texture falls
as the thickness of the tunneling barrier AlOy is increased. This
phenomenon explains why the grain size of Co increases and the
Co (002) texture becomes stronger. Furthermore, the relationship
between the Co (002) texture and the magnetic properties sug-
gests that the enhanced Co (00 2) texture increases the saturation

magnetization and reduces the coercivity. Higher Hc values are
obtained at thinner AlOy thicknesses, because the spin decoupling
effect occurs between the CoFeB and Co layers and because of the
domain pinning over the oxidized CoFeB/AlOy interface.
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