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ABSTRACT 

Magnetic field sensors based on the anomalous Hall effect (AHE) requires a magnetic thin  film 

with a high anomalous Hall resistivity (𝜌!"# ) and moderate perpendicular uniaxial magnetic 

anisotropy (Ku) to achieve both a large linear sensitivity and a dynamic range (DR) adaptable for 

various applications. In this study, we fabricate Fe1-xPtx (0 ≤ 𝑥 ≤ 1)	composition-spread epitaxial 

thin films and systematically investigate the composition dependence of AHE, aiming to achieve 

high sensitivity for the magnetic field sensors. We also explore the underlying physical mechanism 

of AHE in the Fe-Pt binary system.  Structural analysis reveals the [001]-oriented epitaxial growth, 

featuring distinct phases of A2-Fe, L12-Fe3Pt, L10-FePt, and L12-FePt3 as increasing x along with 
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their mixed-phases , except for the Pt rich region. Among the entire Fe1-xPtx, an off-stoichiometric 

Fe-rich composition  Fe0.70Pt0.30 exhibits the highest 𝜌!"#  of 4.5 µΩ cm with a linear response to 

the external magnetic field and a DR of 600 mT, yielding a high sensitivity of 8 µΩ cm/T. The 

anomalous Hall conductivity (AHC) shows an oscillatory variation with composition x, with the 

largest AHC of 1261 S/cm observed for Fe0.70Pt0.30. The theoretical calculation of the AHC for A2-

Fe and L12-Fe3Pt including the analysis of the density of states for the off-stoichiometric 

compositions, suggests that the overall variation in AHC with x can be mostly explained by an 

intrinsic mechanism and the electron doping effect introduced by Pt addition. The theoretical 

analysis supports that the highest sensitivity obtained in Fe0.70Pt0.30 originates from the large 

intrinsic AHC (1759 S/cm) predicted for the L12-Fe3Pt. 

 

I. INTRODUCTION 

Research on materials with large anomalous Hall effect (AHE) has attracted significant 

attention from the viewpoints of fundamental physics and potential applications. Regarding the 

applications, Magnetic sensors based on the AHE (hereafter referred to as AHE sensors) have been 

studied extensively.1–5 The AHE sensors offer several advantages over ordinary Hall effect (OHE)-

based sensors, including a wider operational frequency range, lower temperature dependence, and 

reduced intrinsic noise due to smaller sensor resistance.6,7 It has also been proposed that the AHE 

sensors could be used as read head sensors for hard disc drives, offering superior scalability 

compared to sensors based on the giant magnetoresistance and tunnel magnetoresistance.8 The 

AHE sensors operate with the linear change of anomalous Hall voltage with magnetic field, driven 

by a variation of magnetization direction from in-plane to out-of-plane in the magnetic thin film. 

Depending on the specific sensor application the sensitivity (S = 𝜌!"# 𝐻$⁄ ) and the dynamic range 



(DR = 2Hs) need to be optimized, where 𝜌!"#  is the anomalous hall resistivity (AHR) and 𝐻$ is the 

saturation field.  This can be achieved by tuning two dominant magnetic anisotropies in the 

magnetic thin films: the uniaxial perpendicular magnetic anisotropy energy (Ku) and 

demagnetization energy (𝑀$
%𝜇& 2⁄ ), where Ms and	𝜇& denote the saturation magnetization and the 

magnetic permeability, respectively. Figure 1 presents a schematic of AHE curves in the magnetic 

thin film, illustrating  three cases based on the relative magnitudes of Ku and Ms; (Case I) |Ku| is 

much smaller than 𝑀$
%𝜇& 2⁄ , yielding the Hs nearly equal to 𝑀$ 𝜇&⁄ , (Case II) Ku is negative with 

|Ku| much larger than 𝑀$
%𝜇& 2⁄ 		 and (Case III) Ku is negative with |Ku| comparable to 𝑀$

%𝜇& 2⁄ . In 

Case II, the film normal direction becomes a strong easy-axis magnetization, resulting in a 

hysteresis loop, which is undesirable for magnetic sensor applications. Consequently, because the 

DR and S have a trade-off relationship through Hs,  it is important to explore the material with 

appropriate values of  Ku and 𝑀$ to achieve optimum DR while avoiding the hysteresis loop in 

Case III. Additionally, to maximize S without compromising DR, using materials with a higher 𝜌!"#  

is crucial. 

 



   

Fig. 1. Schematic diagram for magnetic field (Hext) dependent Hall resistivity (𝜌!"), balancing 

magnetic anisotropy and demagnetization energies to get suitable S and DR. 

For obtaining large 𝜌!"# , materials exhibiting giant AHE due to their intrinsic large Berry 

curvatures, such as Co2MnGa, Co2MnAl, Fe3Sn2, Mn3Sn, Fe3Ga, Fe0.81Al0.19 and GdFeCo are 

promising candidates.9–16 For example, S and DR for an epitaxial Co2MnAl film10 with 𝜌!"#  of 18 

𝜇Ωcm and a saturation field of 1 T are estimated to be  18 𝜇Ωcm/T and 2000 mT, respectively. 

However, although it is a potential way to enhance the S further by tuning the DR to meet the 

requirement for specific sensor applications, these soft-magnetic materials lack the tunability of 

DR because of their small Ku. Zhu et al. reported very large S around 23760 Ω/T (28500 µΩ cm/T) 

and a small DR of 3 mT in the ultra-thin CoFeB(1.2 nm)/MgO film by using the large |Ku| 

originating from interfacial magnetic anisotropy and making the balance with 𝑀$
%µ& 2⁄ .17 However, 

the high longitudinal resistance of ultrathin films increases noise, which may degrade signal-to-



noise ratio of the AHE sensor. In addition, the control of the interfacial magnetic anisotropy of 

ultrathin films is highly process-sensitive and temperature dependent,18 presenting significant 

challenges for reliable sensor use.  Therefore, finding materials with a large S and an appropriate 

DR at room temperature remains challenging. A material system with not only large 𝜌!"#  but also 

tunable |Ku| due to intrinsic crystalline magnetic anisotropy is promising for advancing AHE 

sensors. 

The Fe-Pt binary ordered alloy system is an attractive candidate for achieving both large S 

and tunability in DR. L12-Fe3Pt, in particular, has been reported to exhibit a large anomalous Hall 

conductivity (AHC) of 1926 S/cm, more than two times larger than that of L10-FePt (830 S/cm), 

while the value of  Ku of L12-Fe3Pt (4×106 erg/cc) is an order of magnitude smaller than that of 

L10-FePt (5×107 erg/cc).19,20 In addition, L12-Fe3Pt has a similar structure to L10-FePt (the center 

site of the Pt layer in L10-FePt is replaced with Fe atom). Therefore, by tunning the composition 

ratio of Fe:Pt from L12-Fe3Pt to L10-FePt region, it is expected to achieve large S due to large 

𝜌!"# 	and tunable DR across a wide magnetic field range. Most of the prior research on the AHE 

sensors involving Fe-Pt compositions has focused on Pt-rich compositions7,21,22, however no study 

on Fe-rich compositions has been reported to date.  

In this study, we systematically investigated the dependence of the crystal structure and 

transport properties including AHE on Fe-Pt binary alloy system, covering the full range from pure 

Fe to pure Pt. In order to study the composition dependence of AHE in the Fe-Pt binary system 

throughout the wide composition with minimal increments between compositions, we employed 

the combinatorial sputtering technique to deposit  Fe-Pt composition-spread film. Details of the 

deposition method, as used in recent studies on the anomalous Hall/Nernst effects can be found in 

these references.23–25 This combinatorial approach enables a high-throughput investigation of the 



transport properties of various Fe-Pt compositions within a single film,  facilitating the 

identification of the optimal composition for the AHE sensor applications. In addition to the 

advantage in material development for practical sensor applications, this technique also allows for 

a comprehensive analysis of the fundamental mechanisms underlying the AHE based on 

systematic composition dependence. Thus, we analyzed the variation of AHE across the Fe-Pt 

composition comprehensively by comparing it with the result of the first-principles calculation of 

the AHC. Our results revealed an Fe-rich composition,  Fe0.70Pt0.30 has a large 𝜌!"#  of 4.5 µΩ cm, 

DR of 600 mT, and significant sensitivity of 8 µΩ cm/T. Based on the theoretical calculation, these 

properties would stem from an intrinsic mechanism driving large AHE and moderately large Ku. 

 

II. METHODS 

  

The Fe1-xPtx composition-spread film was deposited on a  single-crystalline MgO(001) substrate 

with a size of 10×10 mm2 at 450 ̊C using a combinatorial sputtering system (CMS-A6250X2, 

Comet, Inc.). The base pressure was about  5 × 10-6 Pa. Prior to loading, the substrate was cleaned 

by sequentially sonicating it in acetone, ethanol, and at the end in deionized (DI) water, each for 

10 minutes. After loading the substrate, in-situ Ar-ion milling was carried out to remove residual 

surface contamination. The thickness of the films was calibrated with X-ray reflectivity (XRR) to 

control the deposition rate. A schematic diagram of the film is shown in Fig. 2 (a). A wedge-shaped 

layer of Fe and Pt, with the layer thickness of 0.4 nm per one-unit layer, was deposited in 75 times 

to achieve a final film thickness of 30 nm. The composition gradient width was set to 7 mm.  After 

deposition, the sample was cooled down to room temperature, and a 2-nm thick Ta capping layer 

was deposited to prevent oxidization.   



 

 

Fig. 2. Schematic diagrams for (a) side-view and (b) top-view of Fe1–xPtx composition-spread film 

on MgO(001) substrate. The 9 points where x-ray diffraction is performed using a 0.5 mm slit is 

indicated in part (b). (c) Schematic diagram of Hall bar from Fe to Pt side for Hall effect 

measurements. 

To investigate the crystal structure, X-ray diffraction (XRD) was performed with a Cu Kα 

source and a two-dimensional detector (PILATUS 100K/R, Rigaku Co.) at 9 positions across the 

sample, from the Fe-rich to Pt-rich side with a 0.5 mm slit (Fig. 2(b)). XRR was also performed at 

5 positions to determine the actual film thickness. For transport properties measurements, 

including anomalous Hall resistivity and longitudinal resistivity, the sample was patterned into 

Hall bars using photolithography and Ar-ion milling(Fig. 2(c)). The width of the Hall bar was 

designed to be 100 µm, which contains a small variation of the composition ±0.57	𝑡𝑜	0.89at.% 

within each bar, except the devices in the pure Fe and Pt. The AHE was measured at 300 K by 

sweeping a perpendicular magnetic field from 3 T to -3 T and back for each Hall bar using the 

Physical Property Measurement System (PPMS, Quantum Design Co., Ltd.). The longitudinal 

resistivity was also measured at room temperature.  



For the calculation of AHC, we first obtained the electronic structures of bcc-Fe, L12-Fe3Pt, 

and L10-FePt based on the density-functional theory, which is implemented in the Vienna ab initio 

simulation program (VASP). 26 Here, we considered the spin-orbit interaction to calculate the AHC. 

The generalized gradient approximation was used for the exchange correlation energy and the 

projector augmented wave pseudopotential was employed to treat the effect of core electrons 

appropriately.27–29 The lattice constants were chosen as 2.86 Å for A2-Fe, 3.87 Å for L12-Fe3Pt and 

3.90 Å (a-axis) and 3.74 Å (c-axis) for  L10-FePt. The magnetization direction was set along the 

[001] direction for all the systems. Using the obtained electronic structures, we calculated the AHC 

using the following expression derived by the linear response theory: 
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Here, px (py) is the x (y) component of the momentum operator,  𝜓),𝐤 represents the Block wave 

function with the eigenenergy𝐸),𝐤, and 𝑓(𝐸),𝐤, 𝜀) is the Fermi-Dirac distribution function. For the 

Brillouin-zone integration in Eq. (1), we used k points of 151×151×151 for bcc-Fe and  91×91

×91 for L12-Fe3Pt and L10-FePt confirming good convergence of 𝜎"!(𝜀). 

III. RESULTS AND DISCUSSION  

A. Crystal structures 

  The crystal structures result is summarized in Fig. 3(a). By comparing these experimental 

XRD patterns with simulated ones (upper panel of Fig. 3(a)) and the Fe-Pt binary phase diagram30 

(Fig. 3 (b)), the epitaxial growth in the [001] direction of either A2-Fe, L12-Fe3Pt, L10-FePt, or 

L12-FePt3 was confirmed in almost all composition regions except for Pt-rich region.  



 

Fig. 3 (a) Experimental XRD patterns across the Fe1-xPtx composition spread film, along with peak 

indices and comparison with simulated XRD patterns. The peaks corresponding to the MgO(001) 

substrate are marked with asterisks in the XRD patterns. (b) Phase diagram of Fe-Pt binary 

system30, (c) Structural phases  obtained from the analytical comparison between simulated and 

experimental XRD patterns.  



In the composition region up to x = 0.10,  only the 002 peak from A2-Fe was observed. From x = 

0.32 to 0.70, only diffraction peaks were observed at the 2𝜃 close to the simulated peak positions 

originating from {001}-planes of L1₂-Fe₃Pt, L1₀-FePt and L1₂-FePt₃ phases. Notably, 001 

superlattice peak at 23̊ to 25̊ clearly indicates the formation of these ordered phases. Although it is 

difficult to distinguish specific phases at each composition, based on slight shifts of the peak 

positions and the magnetic properties from AHE measurement (shown later in Fig. 4), we 

concluded the following phase distinctions: (i) At x = 0.32, L1₂-Fe₃Pt is the primary phase, showing 

small perpendicular magnetic anisotropy (PMA).  (ii) At  x = 0.44, the main phase transitions to 

L1₀-FePt , exhibiting strong PMA. (iii) At x = 0.56,  the phase changed to L1₂-FePt₃, evidenced by 

a large shift in the diffraction peak position. For the composition range x ≥ 0.85, the phase 

becomes a single disordered A1 structure. The insufficient deposition temperature is the reason to 

not have epitaxial film in Pt rich region and the  presence of 111 peak as reported by Kun ho et al. 

31, where it reported growing Pt in [001] direction, the deposition temperature must be more than 

500 ̊C. In the intermediate regions, the coexistence of A2-Fe(A1-Pt) and L12-Fe3Pt (L12-Fe3Pt) was 

confirmed for x = 0.21(0.70). It should be noted that the detection of mixed phases can be attributed 

to the relatively wide width (0.5 mm) of the incident slit of XRD, which should contain structural 

information of the composition range of ±6 at.%. The structural phases determined by comparing 

the experimental XRD patterns with the simulated ones are summarized in Fig. 3 (c). The phase is 

shown in the bar diagram due to the width of the composition covered by XRD slit 0.5 mm. It can 

be seen that the identified phases in the present composition spread film agreed well with the phase 

diagram shown in Fig.3 (b).  

B. Hall resistivity, saturation field and coercivity 



The perpendicular field dependence of the Hall resistivity (ρyx) of the composition-spread film 

from x = 0 to 0.08, 0.12 to 0.30, 0.35 to 0.65 and 0.70 to 1.0 are shown in Fig. 4(a-d), respectively. 

It is found that the films with compositions ranging up to x = 0.30 did not exhibit coercivity, which 

is suitable for AHE sensor applications. On the other hand, it is evident from films with 

compositions x = 0.35 to x = 0.65 exhibit a clear hysteresis curve and coercivity, which should be 

attributed to large Ku in  L1₀-FePt phase. The coercivity finally disappeared in x ≥ 0.70 as shown 

in Fig. 4(d).   

  

Fig. 4(a-d)Magnetic field dependent Hall resistivity	(𝜌!")		of the Fe1–xPtx composition-spread film 

measured at 300 K.  Composition dependence of (e) anomalous Halll resistivity (𝜌!"# )	and (f) 

saturation field (Hs) and coercivity (Hc). 

The 𝜌!"#  , which is the most important parameter for AHE sensors, was evaluated using the formula 

𝜌!" = 𝜌&𝐻 + 4𝜋𝑅-𝑀- = 𝜌./ + 𝜌!"# , where the first term is originated from the OHE and the 



second term is the AHE. The second term is obtained from the extrapolation of the Hall curve from 

high field to zero. The result is summarized in Fig. 4(e). The value of  𝜌!"# 	of pure Fe (x = 0) was 

0.1 µΩ cm, consistent with the previous study.32 By adding Pt, 𝜌!"# 	increased to 2.9 µΩ cm at x = 

0.12 and reached a maximum of 4.3 µΩ cm at x = 0.30 where the main phase was identified as 

L12-Fe3Pt. The 𝜌!"#  then drops to 1.2 µΩ cm at x = 0.49 in the region of the L10-FePt phase. From 

x = 0.49 to 0.65, it again increased and reached 3.3 µΩ cm then decreased to become zero for x 

>0.70 due to paramagnetic nature. This oscillatory tendency of the 𝜌!"#  with x was qualitatively 

explained by the intrinsic anomalous Hall conductivity originating from the electronic structure 

and the effect of Fermi level shifting, which will be discussed later.  

The Hs, another important parameter for  AHE sensors, was analyzed only for the composition 

regions exhibiting no hysteresis loop. A linear fit was performed for higher and lower magnetic 

field regions, and the intersecting point was defined as Hs. The results are summarized in Fig. 4(f). 

For pure Fe (x = 0.0), the Hs found to be large ≈ 1100 mT. As increasing x,  Hs decreases to a 

minimum value of ≈ 320 mT at x = 0.30, where almost no coercivity was observed. The lowest Hs 

coincided with the largest 𝜌!"#  for the composition x = 0.30, where the main phase was found to be 

L12-Fe3Pt. The Hc for different compositions, where clear hysteresis was observed, is also shown 

in Fig. 4(f). The Hc was evaluated using Hc = |(H1-H2)|/2, where H1 and H2 are the lower and upper 

cut-off fields at which the Hall resistivity becomes zero. The Hc is found to be maximum  ≈ 1800 

mTfor x ≈  0.50, as expected from the previous report.33 The increase in Hc with Pt should be due 

to a higher proportion of the L10 phase than that of the L12 phase. For x > 0.5,  Hc starts to decrease 

after the transition from the L10 to L12 phase. From x ≥ 0.75, the sample becomes a paramagnetic, 

containing the A1 phase. We also measured the longitudinal resistivity, which is shown in Fig. SI1. 

The resistivity of all compositions is consistent with the previous report by Q. Hao et. al..34 



C. Evaluation of anomalous Hall sensitivity  and dynamic range  

In order to evaluate the property as an AHE sensor, we analyzed the composition dependence of 

S and DR in the Fe1-xPtx composition spread film. S was evaluated by analyzing the slope of Hall 

resistivity (S = dρyx/dH). The highest S obtained in the Hext dependence of S (Smax) for each 

composition is summarized in Fig. 5(a). The Smax for pure Fe (x = 0.0) was estimated to be as small 

as, 0.21 µΩ cm/T. The Smax rapidly increases to 3.58 µΩ cm/T at x = 0.16, which is due to the large 

enhancement of 𝜌!"#  and the reduction of Hs. The Smax shows an almost monotonic increase with x 

and shows maximum value of 8 µΩ cm/T at x = 0.30 . The inset in Fig. 5(a) shows the field 

dependence of the S for x = 0.30, which shows the Smax at near zero field range. Figure 5(b) shows 

the x dependence of the DR. Although we defined DR = 2HS in Fig.1 for the ideal case showing 

the linear change in 𝜌!"  up to Hs, we found non-linear behavior in present Fe-Pt composition 

spread film. Therefore, here we have considered 5 % non-linearity while evaluating DR as shown 

in inset of Fig. 5(b) for on e of the composition x = 0.30. The non-linearity commonly expressed 

as a percentage of the full-scale (FS) output and in this paper non-linearity was determined using 

R𝜌!"(µ&𝐻) − 𝜌!"012(µ&𝐻)R/(𝜌!"34"(µ&𝐻) − 𝜌!"31)(µ&𝐻)) × 100%FS, where 𝜌!"(µ&𝐻), 𝜌!"012(µ&𝐻) 

are experimental observed Hall resistivity and its linear fit curve, 𝜌!"34"(µ&𝐻), 𝜌!"31)(µ&𝐻) are Hall 

resistivity at maximum and zero field. The maximum DR value of 1400 mT was observed for x = 

0.0, followed by rapid decrease to 630 mT at 0.12, then increased to 1200 mT at x = 0.16. From x 

= 0.16 to 0.30 it again monotonically decreases 600 mT. It is noteworthy that the present study 

based on the Fe1-xPtx composition-spread film demonstrates  the largest Smax with a relatively large 

DR for the Fe-rich composition of Fe0.70Pt0.30, which can be originated from  the combination of 

large AHC in L12-Fe3Pt and large Ku in L10-FePt. In addition, we also successfully tuned the DR 

in a wide range from 600 to 1400 mT in single binary alloy system by controlling Ku and  𝑀$
%𝜇& 2⁄ . 



 

Fig. 5. Composition dependence of (a) maximum anomalous Hall sensitivity (Smax) and, (b) DR in 

the the Fe1-xPtx composition-spread film. (c)   S and DR for different magnetic materials reported 

in the literature and the result of the present study for the Fe-Pt binary compositions. Inset of (a) 

and (b) represent the magnetic field dependence of the dρyx/dH and the evaluation process of DR 

based on the non-linearity for x = 0.30, respectively. 

Fig. 5(c) shows the S and DR of various materials reported in the previous studies1,9,10,14,34–37, along 

with the results obtained in this study. Although the present study could not realize the S larger 

than some topological materials such as Co2MnGa, Co2MnAl and Fe0.6Sn0.4, the relatively large S 

of 8 µΩ cm/T and DR of 600 mT were achieved for Fe-rich Fe0.70Pt0.30 composition.  

 



D. Analysis of the Fe-Pt composition dependence of anomalous Hall conductivity (AHC) 

Finally, in order to understand the mechanism of the x dependence of AHE in Fe-Pt 

composition-spread film, we evaluated the anomalous Hall conductivity (AHC) using  𝜎"!# =

𝜌!"# `L𝜌!"# N
% + (𝜌"")%ab formula and AHC with x dependence is shown in Fig. 6(a). The variation 

of AHC with x shows complex behavior. The AHC for pure Fe (x = 0) was 910 S/cm , but it sharply 

decreased to 480 S/cm by adding a small amount of Pt (x = 0.04), while keeping the A2 structure. 

With increasing x, the AHC increased to 1008 S/cm at x = 0.16 then reduced to 494 S/cm for x = 

0.20 in the region where the L12 phase started to form. As the composition become close to 

stoichiometric L12-Fe3Pt (x = 0.30), the AHC reached a peak value of 1261 S/cm. Finally, the AHC 

reduces to 494 S/cm at x = 0.49 in the pure L10 phase region.  In order to uncover this non-

monotonic change in the experimental AHC with x from the viewpoint of intrinsic mechanism, we 

performed the theoretical calculations of AHC for three specific compositions with ideal structures 

of A2-Fe, L12-Fe3Pt, and L10-FePt. The energy dependence of intrinsic 𝜎"!  is shown in Fig. 6(b). 

The values of 𝜎"!  in A2-Fe, L12-Fe3Pt, and L10-FePt phases at the Fermi level (EF) were obtained 

as  776 S/cm, 1759 S/cm and 858 S/cm respectively, which are relatively close to the experimental 

𝜎"!# 		at around x = 0.0, 0.30 and 0.49 as shown in Fig.6(a). This suggests that the main origin of 

AHE in these three compositions could be an intrinsic mechanism and large S obtained at x = 0.30 

originates from large intrinsic 𝜎"!		. It should be noted that the difference in the temperature (0 K 

for theoretical 𝜎"!	and 300 K for experimental𝜎"!# ) can be a reason for a quantitative disagreement. 

Here, we also noticed a similar behavior between the theoretical and experimental 𝜎"!	in all the 

three structures  . It can be found from Fig. 6(b) that the theoretical 𝜎"!	decreases by giving small 

positive shifting of the energy (less than 100 meV) from the EF in all three phases. Similarly, we 



found the reduction of the experimental 𝜎"!# 	with increasing x from each x = 0.0, 0.30 and 0.49. 

This similarity motivated us to investigate the effect of Pt addition in A2-Fe, L12-Fe3Pt  and L10-

FePt on the position of EF. As the theoretical calculation of the AHC in off-stoichiometric 

composition is usually technically difficult, we performed the density of states (DOS) calculation 

of Fe-Pt compositions considering the A2 and L12structures using the AkaiKKR code based on the 

density-functional theory and the Korringa-Kohn-Rostoker (KKR) method.38,39 It can be seen from 

the spin-revolved DOS calculation (see Fig. SI2(a and b)) that Pt addition works as electron doping 

while keeping the total shape of DOS like a rigid-band model. Therefore, we concluded that the 

effect of small amounts of Pt doping on AHC for A2-Fe and L12-Fe3Pt may be explained by the 

intrinsic mechanism in combination with the rigid-band model, where the Pt doping plays a role 

of the electron doping into stoichiometric A2-Fe and L12-Fe3Pt23 However, certain trends, such as 

the increase of AHC around x = 0.16, are not fully explained by the intrinsic mechanism alone. 

This comprehensive analysis of AHC in the Fe-Pt composition-spread film has provided insight 

into some of the dominant origins of this phenomenon. For more rigorous analysis, future studies 

should include temperature-dependent AHE across the composition regions and clarification of its 

origins (both intrinsic and extrinsic origins) based on the scaling analysis. 

 



Fig. 6. Composition dependence of (a) anomalous Hall conductivity (AHC;	𝜎"!# ), red points 

represent the theoretically calculated 𝜎"!	at EF, (b) theoretical AHC (𝜎"!	) of A2-Fe, L12-Fe3Pt, 

and L10-FePt.  

IV. CONCLUSION 

The composition dependence of the AHE in Fe1-xPtx (0 ≤ x ≤ 1) composition-spread film was 

investigated systematically, aiming to obtain large sensitivity for magnetic field sensors while 

understanding the underlying physical mechanisms. The film exhibited epitaxial growth with 

distinct phases such as A2-Fe, L12-Fe3Pt, L10-FePt, and L12-FePt3. The Fe-rich Fe0.70Pt0.30 

composition shows the largest 𝜌!"#  of 4.5 µΩ cm, with a linear response to the magnetic field, 

resulting in a high S of 8 µΩ cm/T and  DR of 600 mT. The DR can be tuned between 600 and 

1400 mT by adjusting the Fe:Pt composition ratio, which was attributed to the variations in the 

magnetic anisotropy and magnetization of the system. The experimental AHC also varied with 

composition, exhibiting a peak value of 1261 S/cm for Fe0.70Pt0.30. The theoretical analysis of the 

AHC for the A2-Fe and L12-Fe3Pt, along with an analysis of the DOS for off-stoichiometric 

compositions, indicates that the overall variation in AHC with x can largely be attributed to an 

intrinsic mechanism and the electron doping effect introduced by Pt addition. Theoretical analysis 

also supports that the Fe0.70Pt0.30 achieves the highest S due to its large intrinsic AHC in the L12-

Fe3Pt. 
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