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S1 I-V characteristics of heavy metal inserted samples 

Figure S1 (a)-(f) shows I-V characteristics of the sample without and with heavy metal insertion. 

Except W inserted sample, asymmetric I-V characteristics was observed, while the degree differ for 

each sample. By post annealing, the asymmetry was weakened and the applicable voltage was 

increased. In contrast, the W inserted sample exhibits a symmetric I-V characteristics with lower 

resistivity. Fig. S1 (g) summarize the post anneal temperature dependence of the resistivity @ 1 V of 

samples without and with heavy metal insertion (nominally tCo = 1.7 nm samples). The resistivity 

increased by post annealing up to ~350 ºC. After post annealing at higher temperature, the resistivity 

degraded. A degradation of insulating layers (SiO2) between bottom and top electrode, which 

deposited during micro-fabrication process, may partly contribute to the degradation of the 

resistivity at high temperature. 

Fig. S1 (a)-(f) I-V characteristics of the sample without and with heavy metal insertion. The black 

lines and colored lines corresponding to those of as-deposited and post annealed samples. (g) 

Annealing temperature dependence of the resistivity @ 1 V of samples without and with heavy metal 

insertion. The nominal film structures are SiOx sub./Ta (5nm)/Ru (10 nm)/Ta (5 nm)/Pt (10 

nm)/heavy metal insertion layer (0.2 nm)/Co (1.7 or 2.3 nm)/TiOx (5 nm)/Pt (5 nm). 
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S2 RHEED patterns of Co in heavy metal inserted samples 

Figure S2 shows the RHEED patterns of Co surface (before TiOx deposition) in heavy metal 0.2 or 1 

nm inserted samples. The RHEED patterns of Co in heavy metal 0.2 nm samples looks identical to 

that in Fig. 1 (b), confirming (111) texture orientation of Co for all samples. On the other hand, an 

obvious degrade of the streaky RHEED patterns was observed for Ta 1 nm inserted samples. These 

results indicate that the effect of 0.2 nm-thick insertion layers to the crystal orientation of Co were 

small, regardless the preferable crystal structure of the inserted heavy metals.  

Fig. S2 RHEED patterns of Co surface in heavy metal 0.2 nm inserted structures (upper images) and 

1 nm inserted structures (lower images). The nominal film structures are SiOx sub./Ta (5nm)/Ru (10 

nm)/Ta (5 nm)/Pt (10 nm)/heavy metal insertion layer (0.2 or 1 nm)/Co (1.7 nm). 
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S3 dielectric constant of bilayer dielectric layers 

An averaged dielectric constant of bilayer dielectric layers are represented by the following 

equation; 
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Here, r1(r2) and d1(d2) represent relative dielectric constant and thickness of dielectric layer 1 (2), 

respectively. Fig. S3 shows d2 dependence of averaged r of bilayer dielectric layers, assuming r1 = 

50, r2 = 10, d1 = 5 nm. We suppose dielectric layer 1 and 2 as a high-k TiOx barrier and interfacial 

CoO layer, respectively. Fig. 3 shows a large influence of thin interfacial CoO layer on the average r. 

Assuming 1.2 nm CoO layer at the interface, the r of TiOx layer is estimated to be ~50.  

Fig. S3 d2 dependence of averaged r of bilayer dielectrics calculated by eq. (S1), assuming r1 = 50, 

r2 = 10, d1 = 5 nm.  


