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1. NiAl single layer on Si(001) 

2. Roughness improvement by Ag layer 

3. Epitaxial relationship of each layer 

5. Conclusion 

1. By depositing NiAl on Si at an elevated temperature of 500C, a smooth and epitaxial B2-type NiAl(001) layer 

can be obtained. 

2. Fully epitaxial CPP-GMR device on Si wafer was realized by using NiAl buffer layer for the first time. 

Hard disk drive (HDD) with larger and larger 

capacity is in strong need!  

Tunneling Magnetoresistance 

(TMR)  read head sensor 

Problem: 

Currently commercial TMR read head sensor hit its 

limit for areal density of >2 Tbit/inch2!!!   

     Significant drop of MR ration with reducing RA 

CPP-GMR read head sensors for Hard disk drives (HDDs) Co-based Full Heusler alloy 
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Poly-CPPGMR Epi-CPPGMR 
• Device structure • Buffer material selection 

Merit: 

1.High thermal stability with 

a melting point up to 

1620oC. 

2.Almost perfect lattice 

matching (<1%) with Co-

based Heusler alloy. 

3.Relatively small lattice 

mismatch (~6%) with Si 

substrate. 

We choose “NiAl” !!! 

CFGG=Co2Fe(Ga0.5Ge0.5) 

• Measurement methods  

■ Crystal structure and epitaxial growth analysis  XRD and RHEED 

■ Magnetro-resistance transportation property  direct current four-probe method 

■ Surface morphology  AFM 

■ Microstructure analysis TEM 

Si(001)-subs./Ni50Al50 (50nm)  

Deposition temperature Ts=300, 400, 500, 600oC 

• Epitaxial growth start to occur at the deposition temperature of 400OC. 

• Fully epitaxial growth can be obtained at deposition temperature higher than 500OC. 

• Surface roughness increase with increasing deposition temperature. 

• Deposition of Ag layer and Post 

annealing process can improve layer 

surface roughness. 

4. Magneto-transport property and Microstructure analysis 

Epitaxial relationship:  

Si(001)[110]//NiAl(001)[110]/

/Ag(001)[100]//CFGG(001)[

110] 

• CPP-GMR devices on a Si(001) substrate presents comparable MR outputs with those grown on an 

MgO(001) substrate. 

• Expansive impractical MgO substrate can be replaced with the Si substrate to achieve high performance 

devices for practical applications!!! 

• Interdiffusion is the reason why MR drop seriously at high annealing temperature. 

3. CPP-GMR devices on a Si(001) substrate presents comparable MR outputs with those grown on an 

MgO(001) substrate. 

Which is a great breakthrough for practical application! 

Can be extended to various spintronic application (like MTJs in MRAM…)! 

For more detail, please see the following reference: J. Chen et al., APL Mater. 4, 056104 (2016). 

Si(001)-based  

Epi-CPPGMR 
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