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This study examined the deposition of CoFeB thin films on a glass substrate at room temperature (RT), as well as the effects
of conducting postannealing at heat annealing T4 = 150°C for 1h. The thickness (¢7) of the CoFeB thin films ranged from
100 A to 500 A. The microstructure, average contact angle, and surface energy properties were also investigated. X-ray diffraction
(XRD) revealed that CoFeB films are nanocrystalline at RT and that post-annealing treatment increases in conjunction with the
crystallinity. The surface energy of the CoFeB thin films is related to adhesive strength. The CoFeB films form a contact angle of
larger than 90° with water as a test liquid. This finding demonstrates that the CoFeB film is hydrophobic. As ¢ increases from 100 A
to 500 A, the surface energy at RT decreases from 40 mJ/mm? to 32 mJ/mm?. During post-annealing treatment, the surface energy
increases from 32 mJ/mm? to 35 mJ/mm?, as ty increases from 100 A to 300 A; then it decreases to 31 mJ/mm?, as ts increases
from 300 A to 500 A. The surface energy of the as-deposited CoFeB thin films exceeds that during post-annealing treatment at

thicknesses of 100 A and 200 A, suggesting that as-deposited CoFeB thin film increases the adhesion.

1. Introduction

The performance of magnetic tunnel junctions (MTJs) is
critical to nonvolatile magnetoresistive random access mem-
ory (MRAM), magnetic read heads, and sensor industries
[1-5]. Ferromagnetic (FM) CoFeB thin film can form a free
and pinned layer in the MTJ device because of its high spin
polarization. Additionally, the free layer CoFeB adhesion of
MT]J is essential, and this adhesion was determined to be
compatible with other film layers, including the antiferro-
magnetic (AFM) layer, synthetic antiferromagnetic (SAF)
layer, and seed layer. The magnetic CoFeB thin film is
also inserted into the MTJ junction, which is compatible
with the semiconductor process. However, investigations of
the adhesive properties of CoFeB thin films in memory
devices have been few. Researching the surface energy and
devices that adhere to something in magnetic read-head
operations and MRAM should be performed with reference
to operations conducted at both room temperature (RT) and
high temperatures. The amorphous CoFeB free layer of MT]
can induce a high tunneling magnetoresistance (TMR) ratio

at RT [6]. Furthermore, the amorphous CoFeB free layer of
MT]J can enhance a significantly higher TMR ratio during
postannealing Ty = 150°C treatment [7-9]. The contact
angle and surface energy properties, such as amorphous,
noncrystalline, and crystalline status, are associated with
the crystalline degree of thin film [10, 11]. However, few
previous studies have focused on the contact angle, surface
energy, or adhesion properties of CoFeB thin films at RT,
and they have not examined postannealing treatments ade-
quately. Therefore, investigating such properties of CoFeB
thin films is worthwhile.

This study examined the sputtering of CoFeB thin films
with a thickness (¢7) ranging from 100 A to 500 A on glass
substrates under various conditions: (a) substrate tempera-
ture (T5) sustained at RT; (b) T; = RT, conducting postan-
nealing at T4 = 150°C for 1 h. This study also examined the
contact angle, microstructure, and surface energy properties
of typical CoFeB films using X-ray diffraction (XRD) and
contact angle measurements. The XRD results indicate that
CoFeB thin films exhibit a body-centered cubic (BCC)
structure.



2. Experimental Details

CoFeB thin films with a thickness (¢7) between 100 A and
500 A were deposited on a glass substrate by dc magnetron
sputtering under two conditions: (a) T sustained at RT;
(b) Ts = RT, conducting postannealing at T4 = 150°C
for 1h. The typical base chamber pressure was lower than
1 x 1077 Torr, and the Ar-working chamber pressure was
5% 1072 Torr.

The structure of the CoFeB thin film was determined
using the X-ray diffraction (XRD) method, employing a
CuKy line (Philips X’pert). The surface energy of the CoFeB
thin films was obtained from measurements of contact
angles, with water and diiodomethane as test liquids.

3. Results and Discussion

Figure 1 presents the X-ray diffraction results under two
sets of conditions, revealing that the CoFeB thin film is
in a noncrystalline state and yields BCC (110) diffraction
peaks at RT. Moreover, the crystallinity of the postannealed
film markedly exceeded that of the film at RT because the
annealing treatment increased the grain size. The results
demonstrate that postannealing treatment yields a crystalline
state. Scherrer’s formula enables the mean crystallite grain
size (D) to be estimated from the measured width of
the diffraction peak under two different conditions [12].
Scherrer’s formula can be described as

R
" Becosf’
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where k (0.9) is the Scherrer constant, A is the X-ray
wavelength of the CuKy, line, B is the relative value of the
full width at half maximum (FWHM) of the (110) peak, and
0 is the half angle of the diffraction peak. Applying Scherrer’s
formula, the grain sizes of CoFeB-500 A, at (a) the substrate
temperature (T;) kept at RT and (b) post-annealing at heat
annealing T4 = 150°C for 1 h, are 62 A and 64 A, respectively.

Figures 2(a) and 2(b) display the contact angles of the
as-deposited CoFeB film with a thickness of 500 A at RT,
postannealed at Ty = 150°C for 1h and determined using
water as a test liquid. The contact angle results for the
as-deposited CoFeB film with a thickness of 500 A at RT,
postannealed at T4 = 150°C for 1 h, are § = 97.3° and 93.1°.

Figures 3(a) and 3(b) present the contact angles of the
as-deposited CoFeB film with a thickness of 500 A at RT,
postannealed at T4 = 150°C for 1 h, and determined using
diiodomethane as a test liquid. The contact angle results for
the as-deposited CoFeB film with a thickness of 500 A at RT
and following postannealing at heat annealing Ty = 150°C
for 1 h are 0 = 54.4° and 56.55°.

Figure 4 displays the contact angle of the CoFeB film
under two sets of conditions, determined according to the
results with water as a test liquid, revealing that the contact
angle increased with the thickness of the CoFeB thin film at
RT. By contrast, the contact angle decreased as the thickness
of the CoFeB thin film increased, following postannealing
treatment. The contact angles of the CoFeB films formed
under the two sets of conditions, with the test liquid water
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FIGURE 1: XRD patterns of BCC 500 A-thick CoFeB thin films
formed under two sets of conditions.

exceeding 90°, revealed that the CoFeB film is hydrophobic.
Figure 4 can be divided into two regions. When the thickness
ranges from 100A to 300 A, the contact angle of CoFeB
thin films at RT is larger than that during postannealing
treatment. Correspondingly, as the thickness is from 300 A
to 500 A, the contact angle of CoFeB thin films at RT is
smaller than that during postannealing treatment. It can be
reasonably concluded that the different CoFeB thicknesses
are related to the contact angle result because of the
crystalline degrees of CoFeB thin film. Based on this result,
we can infer that 300 A was a critical point in this experiment.

Figure 5 plots the contact angle of the CoFeB film
under two sets of conditions, obtained using the test liquid,
diiodomethane, indicating that the contact angle increases
with the thickness of the CoFeB thin film at RT. However,
during postannealing treatment, the contact angle decreases
as the thickness of the CoFeB film increases, from 100 A to
300 A. The contact angle then increases with the thickness of
the CoFeB film from 300 A to 500 A. This also indicates that
300 A was a critical point in this experiment.

Figure 6 plots the surface energy results for the CoFeB
films formed under the two sets of conditions. The surface
energy was determined by the previously discussed calcula-
tion [13-15]. As ¢/ increases from 100 A to 500 A, the surface
energy at RT decreases from 40 mJ/mm? to 32 mJ/mm?.
During postannealing treatment, the surface energy increases
from 32mJ/mm? to 35mJ/mm? in conjunction with the
thickness of the CoFeB film from 100 A to 300 A. The surface
energy then decreases to 31 mJ/mm? with the thickness
of the CoFeB film from 300A to 500A. This result also
indicates that 300 A of CoFeB thin film is a critical point
in postannealing treatment. This phenomenon is consistent
with the contact angle result. The surface energy of the as-
deposited CoFeB thin films exceeds that of those underwent
postannealing treatment at thicknesses of 100 A and 200 A.
Moreover, the surface energy of the as-deposited CoFeB thin
films is lower than that during postannealing treatment,
at a thickness of 300A. This result indicates that the
adhesion of the CoFeB layer at RT is more favorable than
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FiGURE 2: Contact images between 500 A-thick CoFeB thin films and water as a test liquid under two sets of conditions: (a) deposited at RT;
(b) postannealed at T4 = 150°C for 1 h.
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FiGURE 3: Contact images between 500 A-thick CoFeB thin films and diiodomethane as a test liquid under two sets of conditions: (a)
deposited at RT; (b) postannealed at T, = 150°C for 1 h.
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FiGure 4: Contact angle between as-deposited CoFeB films at RT, Figure 5: Contact angle between as-deposited CoFeB films at RT,
postannealed at T4 = 150°C for 1 h and water as test liquid. postannealed at T, = 150°C for 1 h and test liquid diiodomethane.
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FIGURE 6: Surface energy of as-deposited CoFeB film at RT,
postannealed at T4 = 150°C for 1 h.

at postannealing when the CoFeB thickness ranges from
100 A to 200 A. Furthermore, this result is appropriate for
antiferromagnetic (AFM) layers and seed layers in MT] and
MRAM applications.

4. Conclusions

The structural and adhesive characteristics of CoFeB thin
films were deposited by implementing a sputtering system
under two sets of conditions at RT and during postannealing
treatment. Analyzing the XRD diffraction results reveals
that the CoFeB thin films exhibited a BCC structure.
Furthermore, contact angle analysis reveals that the contact
angle of the CoFeB thin films using water as the test liquid
exceeds that of using diiodomethane as the test liquid.
Additionally, the surface energy is calculated according to
the contact angle. The surface energy of the as-deposited
CoFeB thin film exceeds that obtained during postannealing
treatment at thicknesses of 100 A and 200 A, suggesting that
as-deposited CoFeB thin film increases the adhesion.
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