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Tuning Anomalous Hall Signal by Deposition Parameters in Hf/Gd-Fe-Co
Bilayer Sheet Films

Ramesh Chandra Bhatt'!, Lin-Xiu Ye? Li-Ren Lin?, and Te-ho Wu*

ABSTRACT

Here we report the influence of deposition parameters on the magnetic properties of Hf/Gd-Fe-Co sheet films. Samples were
grown in a magnetron sputtering where the target’s power, pre-sputtering time and power, and capping layer were varied to find
the stable perpendicular magnetic anisotropy (PMA) in the series. The magnetic properties of the sheet films were investigated
using anomalous Hall effect measurements. It is observed that the Gd-Fe-Co with different Gd-compositions at a fixed
FeCo-power exhibit better PMA at 135 W than the 200 W of FeCo. For samples with a MgO capping layer, the magnetic
compensation point decreases from 135 W to 105 W (Gd-power), when FeCo-power is decreased from 200 W to 135 W.
Moreover, the coercivity vs Gd-power plot diverges at the compensation point which shows an ideal behavior. Similar results are
observed with the SiN capping layer with a compensation point at around 85 W. The pre-sputtering time of the targets is also a
determining factor of AHE properties, and the longer the time is the better. Furthermore, target cleaning at larger pre-sputtering
power reproduces the compensation point around 95 W. These results show ways to achieve the desired PMA and reproducible

compensation in the Gd-Fe-Co films, which are potential candidates for the magnetic memory elements.

Keywords: Magnetron sputtering; thin film; Gd-Fe-Co alloy; magnetic compensation; anomalous Hall effect; perpendicular

magnetic anisotropy.

1. INTRODUCTION

Rare-earth (RE) - transition-metal (TM) ferrimagnets have been
attracted attention since their remarkable application in magne-
to-optical recording media (Bernacki, Wu, and Mansuripur 1993;
Chaudhari, Cuomo, and Gambino 1973; Hajjar and Mansuripur
1992; Hansen et al. 1989; Hwang, Wu, and Shieh 1997; Terris et al.
1994; Wu et al. 1993). These alloys are amorphous and generally
(heavy rare earth) possess strong perpendicular magnetic anisotropy
(PMA)(Ramesh Chandra Bhatt et al. 2019; Hellman 1991; Ye et al.
2020). The RE and TM sublattice magnetization align antiferro-
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magnetically so that when changing the magnetization of RE or TM
sublattices by changing temperature, concentration, or thickness the
resultant magnetization can be changed (Ramesh Chandra Bhatt et al.
2019; Ma et al. 2018). At the magnetic compensation point, the re-
sultant magnetization becomes zero. Recently, RE-TM has been
intensively investigated for their possible use as a replacement of the
existing ferromagnetic layer due to their antiferromagnet-like ultra-
fast magnetization dynamics and easier magnetic state sensing due to
the non-zero magnetization(Alebrand et al. 2014; Cai et al. 2020;
Ivanov 2019). As near compensation, they possess low magnetiza-
tion, therefore it is hard to sense these materials with a vibrating
sample magnetometer (VSM). Thanks to the anomalous Hall effect
(AHE) which can sense magnetic state near compensation due to
non-zero spin polarization (Bhatt ef al. 2021; R.C. Bhatt et al. 2019;
Mimura, Imamura, and Kushiro 1976; Nagaosa et al. 2010). The
sign of AHE resistance loops gives information about whether the
film is RE or TM dominant. The magneto-transport properties of
RE-TM alloys are highly sensitive to the change in composition. A
slight change in the sputtering power of the cathode target can dras-
tically change the magnetic characteristics, thus reproducing the
desired composition in a magnetron sputtering is a challenge. An-
other problem is that the rare earth sputtering target (Gd, Tb, Dy,
etc.), especially Gd, gets easily oxidized in the air which demands
target cleaning before the deposition of the film. Therefore, the
pre-sputtering condition is also crucial to get quality films. Moreover,
the role of the capping layer is important in protecting the alloy from
oxidation and affecting the PMA (Ching-Ming Lee et al. 2009).
MgO can be used as a capping layer as well as the tunnel barrier in
magnetic tunnel junctions (MTJ). However, to get a magneto-optic
Kerr effect (MOKE) signal, SiNx (SiN) capping is preferred due to
its better optical transparency. Therefore, studying the effect of these
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two capping layers on film properties is also important. The sputter-
ing parameters for TbFeCo have already been studied by researchers
and the data can be found in several studies such as (Zhou et al.
2000). However, because of lack of data is available for GdFeCo, we
think a detailed assessment of AHE for various deposition parame-
ters is required. Therefore, here we investigate the effect of different
deposition parameters (i.e., pre-sputtering conditions, sputtering
power change, capping layer) on magnetic properties of GdFeCo
film using AHE resistance measurements. We show that the opti-
mized deposition parameters provide a large PMA and reproducible
magnetic compensation range in the Hf/Gd-Fe-Co bilayers.

2. SAMPLES AND EXPERIMENTS

The Hf/Gd(Fe(3Coy,)1« bilayer films with different cap-
ping layers (MgO and SiN) on thermally oxidized Si-substrate
were deposited using direct-current (DC)/radio-frequency (RF)
magnetron sputtering. The sample was spun and orbited simul-
taneously inside the chamber. The base pressure reached ~ 2.1
x 1077 Torr before deposition began. The DC power supply was
used for sputtering the metal targets, whereas the RF power
supply was used for sputtering the MgO and SiN targets. For
Gd-Fe-Co deposition, the Gd and Fe,3Cog, (FeCo) targets were
sputtered using different DC powers to achieve specific com-
positions. The DC power of the FeCo target was maintained at a
fixed output, while the DC power of the Gd-target was varied in
the range 60 W to 140 W to deposit different compositions.
FeCo power was fixed at 200 W and 135 W for the two differ-
ent sample series to optimize the film properties. The MgO
capping layer was deposited at 200 W RF power and 15 mTorr
working pressure. For SiN capping, 100 W RF power was used
at 23 mTorr working pressure. Different pre-sputtering times
for targets (6 minutes and 12 minutes) were used to observe the
target surface cleaning effect on film properties. Similarly, dif-
ferent DC powers (50 W and 100 W) were used during the tar-
get pre-sputtering stage. The magnetic properties of the depos-
ited sheet films were characterized using anomalous Hall effect
(AHE) measurements. Measurements were performed in a
probe station with a 3 kOe magnetic field strength electromag-
net. The AHE resistance was measured at a 100 pA constant
DC sensing current.

3. RESULTS AND DISCUSSIONS

Figure 1(a) represents the schematic diagram of the
Gd-Fe-Co film structure. The different compositions of the fer-
rimagnetic alloy are achieved by changing the DC power of the
Gd target while fixing the FeCo target at either 200 W or 135 W
as shown in Fig. 1(b) and (c), respectively. For FeCo 200 W, the
measured AHE loops are shown in Fig. 1(b). We observed that,
while increasing the Gd-content, the low Gd-content composi-
tions (60 ~ 80 W) have no AHE hysteresis and the resistance
keeps changing with the applied magnetic field due to the ab-
sence of perpendicular magnetic anisotropy (PMA) in the alloy.
However, on further increasing the Gd-content, the AHE loops
do appear exhibiting PMA in the alloy. When increasing the
Gd-content up to a certain point (i.e., Gd power from 130 W to
140 W), the sign of the AHE loop reverses from FeCo-dominant
to Gd-dominant phase. This crossover suggests the magnetic
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Fig.1 (a) Schematic of the film stack structure, with correspond-
ing layer thicknesses. Anomalous Hall resistance (Ryg)
hysteresis loops measured by perpendicular magnetic field
scan for various compositions of Gd-Fe-Co where FeCo
target power was fixed at (b) 200 W and (c) 135 W, respec-
tively. The various powers in watt assigned to each curve,
represents the corresponding Gd-target DC power.

compensation point lies between 130 and 140 W. Figure 1(c)
shows the AHE hysteresis loops for the various Gd-Fe-Co com-
positions deposited at fixed FeCo power of 135 W, while chang-
ing the Gd power from 60 W to 120 W. It is evident from the Fig.
1(c), that the entire series has rectangular AHE loops, and there-
fore the films consist significant PMA. When increasing the
Gd-content, the Hall sign remains the same up to 100 W, which
corresponds to the FeCo-dominant phase, however, the sign re-
versal takes place thereafter, indicating the Gd-dominance. The
crossover from FeCo-dominant to Gd-dominant in the 100 W to
110 W range represents the magnetic compensation point. For
further analysis of the AHE loops, the Ryyr and Hc have been
plotted as a function of Gd-power (i.e., Gd-content).

Figure 2 shows the Hc and Rapg (= AR/2) trend as a function
of Gd-content. Ideally, the Hc should diverge at the magnetic
compensation point (Ye et al. 2020). However, in Fig. 2(a), when
the FeCo target is fixed at 200 W, the Hc trend reached a peak
value at Gd 120 W, which is inconsistent with the ideal behavior.
The peak H¢ value of 852 Oe at 120 W is much larger than the
other coercivity values suggesting that this composition is close
to the compensation. Rayg is generally proportional to the per-
pendicular component of magnetization, and therefore it is ex-
pected to follow the trend of saturation magnetization (Mg) varia-
tion with Gd-content (R.C. Bhatt et al. 2019; Zhao et al. 2015).
By definition, MS drops to zero at the magnetic compensation
point. As we see in Fig. 2(a), the Ryyg is monotonically decreas-
ing before compensation and suddenly jumps thereafter. This
large value of Ryyr ~ 8 Q is obtained when the AHE behavior of
composition is Gd-dominant, which is about twice the values
corresponding to the FeCo-dominant region. There is a notable
absence of PMA in the 60, 70, and 80 W samples as shown in Fig.
1(b). The Raug anomaly seems to be originating from the in-
homogeneity in the film, possibly due to the high sputtering
power of the FeCo. The higher power provides greater kinetic
energy to the sputtering atoms, causing the interdiffusion of FeCo
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Fig.2 The variation of coercivity (Hc) and anomalous Hall
resistance (R,pyg) as a function of Gd-power when the
FeCo-power was fixed to (a) 200 W and (b) 135 W, re-
spectively. The shaded region indicates the magnetic

compensation range.

atoms to the bottom layer. Moreover, as the deposition power on
the FeCo target increases, the deposition rate also increases. This,
in turn, affects the uniformity of the film. Therefore, the magnet-
ic properties of the series are inconsistent with the ideal behavior.
Conversely, when FeCo power is 135 W as shown in Fig. 2(b),
the H¢ diverges at the compensation point somewhere between
100 and 110 W. This is consistent with expected Hc vs rare earth
(RE)-content behavior. The Rpyp remains at around 5 Q in the
FeCo-dominant region but drops to 2.5 Q for Gd-dominant
composition (Gd 120 W). The drop in Ry at Gd-rich composi-
tion can be justified by the lack of FeCo sublattice moments
which are shown to be responsible for AHE contribution (Bhatt
et al. 2021; Okuno et al. 2016). Our results show that FeCo sput-
tering power when fixed is crucial for the magnetic properties of
the Gd-Fe-Co and high FeCo sputtering power leads to irregular
deposition. To investigate further if the irregular deposition
problem at high sputtering power might be arising from the in-
sufficient capping layer of MgO, we substituted the MgO cap-
ping layer with SiN.

Figure 3 shows the AHE results for the Gd-Fe-Co with the
SiN capping layer. When the FeCo power is 200 W, the low Gd
power compositions exhibit no PMA in the film; however, on
reaching 110 W of Gd power, the film shows significant PMA
and FeCo-dominant AHE behavior. For 135 W of FeCo sputter-
ing power, the film shows good PMA, even in the low
Gd-content compositions. The AHE sign-reversal takes place
from FeCo-dominant to Gd-dominant for 80 to 90 W, respec-
tively. However, the Gd-rich composition at 110 W of Gd-power
shows no PMA in the film. The H¢ in the series is larger at
FeCo-rich and Gd-rich regions, rather than close to the compen-
sation point. This could be because the window for the composi-
tion change near the compensation may be very small, meaning
that the composition changes quickly around the compensation
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Fig.3 The anomalous Hall resistance (R,yr) hysteresis loops for
different Gd-powers when the FeCo-power was fixed at
200 W and 135 W, respectively, for the light yellow and
light blue shaded regions. The embedded schematic

shows the film stack structure.

where H¢ diverges. The overall behavior of the Gd-Fe-Co films
with the MgO and SiN capping layer suggests that FeCo at 135
W provides the most consistent result.

The top surface of targets, especially Gd, is supposed to be
rapidly oxidizing or contaminating when exposed to moisture, air,
or contaminations from other targets. To add additional control to
the deposition parameters, we deposited Gd-Fe-Co films, as
shown in Fig 4(a), using two different pre-sputtering times. In the
first case, we pre-sputtered Gd and FeCo targets for 6 minutes
and in the latter case for 12 minutes. Figure 4(b) shows the AHE
results for the 6 minutes pre-sputtering case. All the compositions
exhibit FeCo-dominant behavior, except for Gd 80 W film,
which shows no PMA. Figure 4(d) shows that the coercivities of
the films increase with an increase in the Gd-content from a
minimum value of 40 Oe at 70 W, to 953 Oe at 110 W. The large
Hc at 110 W indicates the near-compensation behavior of the
film. Figure 4(c) shows the AHE results for the 12 minutes
pre-sputtering of the targets. All of the compositions exhibit
PMA, and the compensation point lies between the 80 and 90 W,
where the sign-reversal of AHE loops takes place. The H of the
compositions follows the expected trend of a ferrimagnetic alloy,
as shown in Fig. 4(e). One key concern for the deposition of
Gd-Fe-Co, is the oxidation of Gd, as explained in the previous
section. This can be avoided by proper target surface cleaning,
which in practical terms can be considered increasing the
pre-sputtering time. Another way to perform the surface cleaning
would be to monitor the kinetic energy of the bombarding Ar-ion,
by increasing the pre-sputtering power. Therefore, we
pre-sputtered targets at two different powers of 50 W and 100 W
to examine the differences in outcomes.

Figure 5(a) shows the AHE response of the compositions
corresponding to Gd-power of 80 W, 90 W, and 100 W, where the
targets were pre-sputtered at S0 W. The bottom and top three loops
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Fig.4 (a) Schematic of the film stack structure, where SiN is used as a protecting layer. (b) and (c) show the
AHE hysteresis loops for different Gd-powers where the targets were pre-sputtered for 6 minutes and
12 minutes, respectively. The magnetic compensation point lies between 80 and 90 W for case (c),
which is absent until at least 110 W for case (b). (d) and (e) represent Hc and R,y (=AR/2) as a func-
tion of Gd power, for the 6 minutes and 12 minutes pre-sputtering cases, respectively.
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Fig. 5 AHE hysteresis loops when the targets were pre-sputtered at (a) S0 W and (b) 100 W, respectively.
Each figure shows two rounds of deposition (i.e., 1* and 2" round) in the two shaded regions. The
magnetic compensation point is repeatable for case (b). (C) and (d) show the Hc and Ryyg vari-
ation as a function of Gd-power for 50 W and 100 W pre-sputtering power, respectively.
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represent the 1st and 2nd rounds of deposition. In the 1st round, all
the three AHE loops exhibit the same Hall sign, indicating
FeCo-dominance. However, in the 2nd round, the AHE loops show
a Hall sign reversal at 100 W. This is the crossover from
FeCo-dominant to the Gd-dominant phase. On the other hand, for
100 W pre-sputtering, as shown in Fig. 5(b), the AHE loops show
a Hall sign reversal in both the 1st and 2nd rounds, and the com-
pensation composition falls between 90 W and 100 W.

Figures 5(c) and (d) show the H¢ and Ruyg trend, as a func-
tion of Gd-power for the 50 and 100 W pre-sputtering cases, re-
spectively. In fig. 5(c), the Hc is a minimum of 41.5 Oe at 90 W,
and a maximum of 284 Oe at 100 W. In the 2nd round, the H¢
changes gradually as Gd-power is increased, i.e., 52.9 Oe, 247
Oe, and 1245 Oe for 80 W, 90 W, and 100 W, respectively. The
Rane values for the 1st round compositions are greater than the
2nd round compositions. In Fig. 5(d), the H¢ for the 1st round
drops to 63 Oe at 90 W composition, whereas for the 2nd round,
the H¢ follows the general trend i.e., increases toward the com-
pensation point. Ryyg values for the 1st round are smaller than
for the 2nd round. Overall, pre-sputtering at 100 W has the ad-
vantage of producing a specific compensation composition for
the same Gd-power range, with a significant PMA.

4. CONCLUSIONS

In summary, we studied and documented the influence of
different deposition parameters such as the sputtering target
power, pre-sputtering time and power, and capping layer effects
on the magnetic properties of Hf/Gd-Fe-Co sheet films. The
samples were deposited on diffused Si -substrates in a magnetron
sputtering by co-sputtering of Gd and FeCo targets. Several
compositions at varying DC power of the Gd-target show a better
anomalous Hall effect (AHE) signal at 135 W FeCo-power.
Samples with MgO capping showed ideal behavior of coercivity
versus Gd-composition plot and demonstrated that the magnetic
compensation point decreased as FeCo-power decreased from
200 W to 135 W. For samples with SiN capping, the compensa-
tion point was observed at relatively low power levels. Further-
more, targets that were pre-sputtered for longer, exhibited better
AHE properties. Target cleaning at a higher power level was
shown to reproduce the compensation point. The present findings
from this study are relevant to the deposition of Gd-Fe-Co films
that require a stable PMA and compensation point for deploy-
ment in magnetic memory systems.

ACKNOWLEDGMENTS

This work was supported by the Ministry of Science and
Technology (MOST) Taiwan (Grant No. MOST 109-2112-M-
224-001-MY2).

REFERENCES

Alebrand, Sabine, Ute Bierbrauer, Michel Hehn, Matthias Gottwald,
Oliver Schmitt, Daniel Steil, Eric E. Fullerton, Stéphane Mangin,
Mirko Cinchetti, and Martin Aeschlimann. 2014. “Subpicosec-
ond Magnetization Dynamics in TbCo Alloys.” Physical Review
B - Condensed Matter and Materials Physics, 89(14), 1-7.
doi: 10.1103/PhysRevB.89.144404.

Bernacki, Bruce E., Te Ho Wu, and M. Mansuripur. 1993. “Assess-

ment of Local Variations in the Coercivity of Magneto-Optical
Media.” Journal of Applied Physics, 73(10), 6838-40.
doi: 10.1063/1.352453.

Bhatt, R.C., L. X. Ye, Y. J. Zou, S. Z. Ciou, J. C. Wu, and T. H. Wu.
2019. “Study of Sense Current Effect on Magnetization Switch-
ing Behavior from Anomalous Hall Effect in TbFeCo Thin
Films.” Journal of Magnetism and Magnetic Materials, 492.
doi: 10.1016/j.jmmm.2019.165688.

Bhatt, Ramesh Chandra, Lin-Xiu Ye, Ngo Trong Hai, Jong-Ching
Wu, and Te-ho Wu. 2021. “Spin-Flop Led Peculiar Behavior of
Temperature-Dependent Anomalous Hall Effect in Hf/Gd-Fe-
Co.” Journal of Magnetism and Magnetic Materials, 537,
168196. doi: 10.1016/j.jmmm.2021.168196.

Bhatt, Ramesh Chandra, Lin-Xiu Ye, Ying-Chuen Luo, and Te-ho
Wu. 2019. “Study of RE x Fe 100-x (RE = Tb, Dy, Gd) Ferri-
magnets for SOT Application.” Journal of Applied Physics,
125(11), 113902.  doi: 10.1063/1.5090852.

Cai, Kaiming, Zhifeng Zhu, Jong Min Lee, Rahul Mishra, Lizhu Ren,
Shawn D. Pollard, Pan He, Gengchiau Liang, Kie Leong Teo,
and Hyunsoo Yang. 2020. “Ultrafast and Energy-Efficient Spin—
Orbit Torque Switching in Compensated Ferrimagnets.” Nature
Electronics, 3(1),37-42. doi: 10.1038/s41928-019-0345-8.

Chaudhari, P, J. J. Cuomo, and R. J. Gambino. 1973. “Amorphous
Metallic Films for Magneto-Optic Applications.” Applied Phys-
ics Letters, 22(7), 337-39. doi: 10.1063/1.1654662.

Ching-Ming Lee, Lin-Xiu Ye, Jia-Mou Lee, Tung-Hsien Hsieh,
Jhih-Wei Syu, Wen-Jaun Chen, Chao-Yuan Huang, and Te-Ho Wu.
2009. “Magnetic Properties of Ultrathin TbFeCo Magnetic Films
With Perpendicular Magnetic Anisotropy.” IEEE Transactions on
Magnetics, 45(10), 4023-26. doi: 10.1109/TMAG.2009.2024887.

Hajjar, Roger A., and M. Mansuripur. 1992. “Magnetoresistance

Peaks in the Neighborhood of Coercivity in Magneto-Optical
Recording Media.” Journal of Applied Physics, 72(4), 1528-38.
doi: 10.1063/1.351721.

Hansen, P., C. Clausen, G. Much, M. Rosenkranz, and K. Witter.
1989. “Magnetic and Magneto-optical Properties of Rare-earth
Transition-metal Alloys Containing Gd, Tb, Fe, Co.” Journal of
Applied Physics, 66(2), 756-67. doi: 10.1063/1.343551.

Hellman, F. 1991. “Measurement of Magnetic Anisotropy of Ferri-

magnets near Compensation.” Applied Physics Letters, 59(21),
2757-59. doi: 10.1063/1.105879.

Hwang, Wein Kuen, Te Ho Wu, and Han Ping D. Shieh. 1997. “Ex-
change Coupling Coefficient and Domain Wall Mobility of
(Dy, Tb)FeCo Magneto-Optical Films.” Journal of Applied
Physics, 81(11), 7437-40. doi: 10.1063/1.365284.

Ivanov, B. A. 2019. “Ultrafast Spin Dynamics and Spintronics for Ferri-
magnets Close to the Spin Compensation Point (Review).” Low
Temperature Physics, 45(9), 935-63. doi: 10.1063/1.5121265.

Ma, Chung Ting, Brian J. Kirby, Xiaopu Li, and S. Joseph Poon.
2018. “Thickness Dependence of Ferrimagnetic Compensation

in Amorphous Rare-Earth Transition-Metal Thin Films.” Ap-
plied Physics Letters, 113(17).  doi: 10.1063/1.5050626.
Mimura, Y., N. Imamura, and Y. Kushiro. 1976. “Hall Effect in Ra-
re-Earth-Transition-Metal Amorphous Alloy Films.” Journal of
Applied Physics, 47(7), 3371-73.  doi: 10.1063/1.323098.
Nagaosa, Naoto, Jairo Sinova, Shigeki Onoda, A. H. MacDonald, and
N. P. Ong. 2010. “Anomalous Hall Effect.” Reviews of Modern




6 Journal of Innovative Technology, Vol. 4, No. 1, March 2022

Physics, 82(2), 1539-92.  doi: 10.1103/RevModPhys.82.1539.

Okuno, Takaya, Kab Jin Kim, Takayuki Tono, Sanghoon Kim, Taka-
hiro Moriyama, Hiroki Yoshikawa, Arata Tsukamoto, and Teruo
Ono. 2016. “Temperature Dependence of Magnetoresistance in
GdFeCo/Pt Heterostructure.” Applied Physics Express, 9(7).
doi: 10.7567/APEX.9.073001.

Terris, B. D., H. J. Mamin, D. Rugar, W. R. Studenmund, and G. S.
Kino. 1994. “Near-Field Optical Data Storage Using a Solid
Immersion Lens.” Applied Physics Letters, 65(4), 388-90.
doi: 10.1063/1.112341.

Wu, Te Ho, Hong Fu, R. A. Hajjar, T. Suzuki, and M. Mansuripur.
1993. “Measurement of Magnetic Anisotropy Constant for
Magneto-Optical Recording Media: A Comparison of Several
Techniques.” Journal of Applied Physics, 73(3), 1368-76.

doi: 10.1063/1.353256.

Ye, Lin Xiu, Ramesh Chandra Bhatt, Ching Ming Lee, Wei Hsiang
Hsu, and Te ho Wu. 2020. “Perpendicular Magnetic Anisotropy
in TbFeCo/MgO Structure with Ta- and Hf-Underlayer.” Jour-
nal of Magnetism and Magnetic Materials, 502(January), 2-6.
doi: 10.1016/j.jmmm.2020.166554.

Zhao, Zhengyang, Mahdi Jamali, Angeline K. Smith, and Jian-Ping
Wang. 2015. “Spin Hall Switching of the Magnetization in
Ta/TbFeCo Structures with Bulk Perpendicular Anisotropy.” Ap-
plied Physics Letters, 106(13), 132404. doi: 10.1063/1.4916665.

Zhou, Yong, Chunsheng Yang, Di Zhou, and Xiaolin Zhao. 2000.
“Magnetic Properties of Amorphous TbFeCo Films.”
Https://Doi.Org/10.1117/12.408296 4086:466-69.
doi: 10.1117/12.408296.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




