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ABSTRACT 

Magnetic materials with perpendicular magnetic anisotropy (PMA) have received the increasing 

attention because of their promising properties for the applications in ultra-low energy and ultra-high 

density spin memory devices, such as spin-transfer-torque magnetic random-access memory 

(STT-MRAM)[1]–[3]. For satisfying the demand of the reliable storage (>10 years) and ultralow switching 

current density, these materials should possess high magnetic anisotropy (Ku) and low damping constant 

(α). Most importantly, the materials need to maintain their PMA properties after the thermal treatment with 

the temperature as high as 400 oC, which is the essential requirement for spin memory devices integrated 

with complementary metal-oxide-semiconductor (CMOS) technique.  

Among the bulk PMA materials, L10-phase FePd is a promising candidate due to its high PMA Ku~ 

2×107 erg/cm3 and low damping constant α~0.002 (4).  The disadvantage of the FePd PMA material is the 

Pd diffusion after the high-temperature thermal treatment; this issue has been solved by inserting the 

diffusion barrier.[4] Besides, the seed layer also plays a signif icant role in obtaining the highly-textured 

FePd thin film with better performance. Previously the Cr/Pd or Cr/Pt bilayers are designed as a seed layer 

to develop highly-textured FePd thin films.[5], [6] However, the Pd or Pt can diffuse into the FePd layer 

after high-temperature thermal treatment, which will change its composition and further change the PMA 

property. 

In this work, we have designed a new bilayer, Cr/Ru, as the seed layer for FePd thin films. We further 

investigate the magnetic and structural properties of the FePd thin films. All the samples were prepared by 

a magnetron sputtering system with the base pressure smaller than 5.0×10-8 Torr. The (001) MgO single 

crystalline substrate was used to induce the (001) texture. First, the Cr/Ru seed layer was deposited on the 

MgO substrate with the substrate temperature at 350 oC. Then FePd thin films were grown at the same 

substrate temperature by co-sputtering Fe and Pd. A Ta capping layer was deposited after the system 

cooled down to room temperature. After that, the FePd samples were post-annealed at 400 oC and 500 oC, 

respectively, using a high-vacuum furnace. The magnetic property and crystal structure of the FePd 

samples were investigated as a function of the post-annealing temperatures. The crystal structure of the 

FePd thin films was characterized by an x-ray diffraction (XRD), and the diffraction patterns are shown in 

Fig. 1. In Fig. 1, the (001) and (002) diffraction peaks are observed for all the FePd samples, which 

indicates that the Cr/Ru seed layer can induce the highly-textured structure in the FePd layer. The 

important thing is that the intensity of these two peaks slightly increases with the increase of the 

post-annealing temperature, suggesting the crystallinity of the FePd layer improves. Meanwhile, the 

magnetic properties of FePd samples were measured by a PPMS with the VSM mode. The results are 

plotted in Fig. 2. From Fig. 2, we can clearly find that the FePd thin film still possesses the PMA property 

after post-annealing at 500 oC. With the increase of the post-annealing temperature, the in-plane 

component of FePd thin films decreases and the effective anisotropy (Hkeff) increases, which are observed 

from their magnetic hysteresis (M-H) loops, indicating that the PMA property of the FePd thin film 

becomes better. These results demonstrate that the Cr/Ru-seeded FePd thin films can be used to fabricate 

the spin memory devices, which can integrate with the current CMOS technology.   



                     

 

Fig.1 Out-of-plane XRD patterns of the Cr/Ru-seeded L10-phase FePd at the different annealing 

temperatures.  

 

 

Fig. 2 Magnetic hysteresis (M-H) loops of the Cr/Ru-seeded L10-phase FePd samples at the different 

annealing temperatures. 
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