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I. INTRODUCTION 

The energy assisted magnetic recording technology realizes smaller magnetic recording bits. Accordingly, 
the dimension of read sensor has to be shrunk for spatial resolution of reading for the bits, therefore, reducing 
the resistance-area product (RA) of read sensor film is the critical issue. The optimal RA value for the read 
sensor for 2 Tbit/in2 has been predicted to be a������P2, [1] which is very challenging for the current tunnel 
magnetoresistance sensors. All-metallic current-perpendicular-to-plane giant magnetoresistance (CPP-GMR) 
devices using highly spin-polar ized Co-based Heusler alloys is promising for the read sensors with ultralow 
RA ~����� � �P2, [2] however the CPP-GMR readers have to solve the following items. (a) The sensor 
thickness has to be reduced to /20 nm, and (b) the sensor output has to be improved. For (a), a thin (a few nm) 
polycrystalline Heusler alloy films with a high spin polarization have to be fabricated under a limited 
annealing temperature (~300 °C in the current reader manufacturing process). For (b), a hybrid spacer structure 
of metal/conductive oxide (e.g. Ag/InZnO (IZO)) has been reported to be effective. [3] 

 
II. EXPERIMENTAL PROCEDURES 

 CPP-GMR devices with polycrystalline films were deposited by magnetron sputtering on polycrystalline 
Cu bottom lead electrode at room temperature. Two types of device structure were fabricated; a standard 
spin-valve and a pseudo spin-valve (PSV). For the ferromagnetic Heusler alloy layers, Co2(Mn0.6Fe0.4)Ge 
(CMFG) was used. [4] Ag90Sn10, AgSn/InZnO, AgInZnO were used for spacer layers. The CPP-GMR films 
were annealed at 280 °C or 300 °C and micro-fabricated to pillar devices with circular and elliptical shapes. 
 

III. RESULTS and DISCUSSION 

 First, we studied the effect of the CMFG thickness on the MR ratio of the PSV devices with bottom-lead/ 
Ta(2)/Ru(2)/CoFe(0.5)/CoFeBTa(0.6)/CMFG(0-5)/CoFe(0.4)/AgSn(3.5)/CoFe(0.4)/CMFG(5)/CoFe(1)/Ru 
(thickness in nm) cap structure annealed at 300 °C. As shown in Fig. 1, the MR ratio keeps almost constant 
between 3 nm and 5 nm, and decreases below 2-3 nm. This indicates that the spin diffusion length of the 
CMFG film is very short, thus the bulk spin-dependent scattering of CMFG contributes to the CPP-GMR only 
within ~2 nm of the layer. This feature is practically important because the CMFG layer can be reduced down 
to 2-3 nm without reducing the MR ratio. 
 Next, we fabricated spin-valve devices as shown in Figs. 2(a) and (b). We compared the two kinds of 
spacer layer: AgSn(3.5 nm) as a standard metallic spacer and AgSn(0.4 nm)/IZO(1.3-1.85 nm).  The 
spin-valve structure shown in Fig. 2(a) (Type 1 with the total sensor thickness of ~30 nm) with a AgSn spacer 
layer showed RA a�������P2 DQG�ûR/R ~14% as shown in Fig. 2(c). By using the AgSn/IZO spacer layers, 
both RA aQG�ûR/R increased��7KH�KLJKHVW�ûR/R ~30% was achieved by the AgSn(0.4)/IZO(1.7) spacer at RA 
a������P2. [5] The maximum voltage output of the device with the AgSn/IZO spacer was 6.2 mV for a sensor 
utilization of 33%, whereas that with the AgSn spacer was only 1.2 mV. It should be noted that the RA and 
ûR/R values satisfy their requirements for 2 Tbit/in2 [1] (indicated by the gray zone in Fig. 2(c)). However, the 
sensor thickness of 30 nm is too thick for the required shield-to-shield spacing for 2 Tbit/in2, which has been 
predicted to be 20 nm. [1] A spin-valve structure with a reduced total thickness of 22.5 nm was also fabricated 
(Type 2 shown in Fig. 2(b)). By reducing the CMFG thickness from the reference layer (from 3 nm to 2 nm) 
and the free layer (from 4 nm to 3 nm), ûR/R decreased from ~30% to ~20%, which marginally satisfies the 
requirement for 2 Tbit/in2. 
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