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Abstract

Spin-valve memory elements composed of hard and soft magnetic layers separated with non-magnetic layers have been
developed. Non-destructive read out (NDRO) is possible with this memory device as the hard magnetic layer is used for the
data storage and the magnetization switching of the soft magnetic layer is used for the data readout. Spin-valve multilayers
having small saturation fields have been studied for the memory elements.

1. Introduction

MRAM devices have been studied using conventional
AMR films, resulting in small outputs because of their
small MR ratios. Since the discovery of GMR materials,
GMR memory devices have been proposed [1] and micro-
magnetic analysis [2] has been performed for the ultra
dense GMR memory cells.

Spin-valve sandwiches using an antiferromagnetic layer
(AF spin-valve) such as FeMn/NiFe/Cu/NiFe [3] are
used for a new type of MRAM device [4]. In this case, a
free NiFe layer is used for the data storage, as the magneti-
zation switching of the NiFe layer blocked with the FeMn
layer is quite difficult. Hence this memory device could
not have non-destructive readout (NDRO) characteristics.

We have studied spin-valve multilayers using a hard
magnetic layer (HM spin-valve) [5], instead of an antifer-
romagnetic layer, and proposed a new type of MRAM [6]
using the HM spin-valve, which shows NDRO characteris-
tics. This memory device requires HM spin-valves having
sharply peaked MR curves with small saturation fields, as
the magnetic fields generated by word lines are small. In
this paper, we report on the HM spin-valve memory and
the spin-valve multilayers developed for the memory de-
vice.

2. Experimental
HM spin-valve multilayers of [HM/Cu/SM(/Cw)]

were prepared by rf sputtering [5] or by UHV evaporation
[7], where HM and SM indicate semi-hard and soft mag-
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Fig. 1. Structure of the memory cell, where W, I, M, S denote
word line, insulator, MR element, and shunt line, respectively.

netic layers, respectively. CoPt, CoFe, and Co were used
for the HM layer and NiFe, NiFeCo is used for the SM
layer.

The memory cells were fabricated with optical lithogra-
phy and ion milling techniques. Fig. 1 shows the structure
of the memory cell. The magnetoresistive element, M, is
composed of [HM /Cu/SM(/Cu)] multilayers. The fabri-
cated memory cell is composed of a 133 nm thick M
having an active area of 20 X 40 p.m, connected to 300 nm
thick Au shunt films to form the sense line. The Au word
line is 80 wm wide and 200 nm thick, separated from the
memory element by 1 pm thick insulating photoresist.

3. Spin-valve memory

In our spin-valve memory, the data are stored by
magnetizing the HM layer in the magnetoresistive (MR)
element along the easy axis in one direction or the oppo-
site direction according to the memory state ‘1’ or ‘0°. The
magnetizing field generated by word (and sense) current is,
therefore, required to be larger than the threshold of the
HM layer, H,. Data readout is performed by applying a
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Fig. 2. Respone of the sense line against the square-wave word
current.

magnetic field smaller than H,, but larger than the thresh-
old of the SM layer, to cause the magnetization switching
of the SM layer without changing the magnetization direc-
tion of the HM layer. Memory state ‘I’ or ‘0’ is detected
from the increase or decrease of the resistance of the sense
line.

Fig. 2 shows the response of the sense line against the
square-wave word current of 100 mA for the fabricated
spin-valve memory. The output voltage of the sense line
increases for ‘I’ and decreases for ‘0’ when the input
voltage of the word line is switched from positive to
negative periodically. Thus this spin-valve memory is con-
firmed to have the NDRO property.

4, HM spin-valves for the memory devices

In the readout experiment mentioned above,
[Co45Pt,5(3),/Cul2.3) /Nig,Fe ,Co,0(7.4) /Cu(2.3)F° mul-
tilayer is used for the MR element. The value in ()
indicates the layer thickness in nm. The H; of the CoPt
layer is too large for data writing using word (and sense)
current [6].

H, can be reduced by substituting CosyFes, or Co for
CoPt. [CosyFeso(4)/Cu(2)/NigeCoyoFe ,(12)/Cu(2)]
were prepared by 1f sputtering. The multilayers showed
larger MR ratio and smaller H; than those of
[CoPt/Cu/NiFeCo /Cul, as shown in Fig. 3. But the H
was still large for this memory device. This HM spin-valves
may be used for the MR heads, because larger H; ~ 200
Oe and larger MR ratios ~ 8% can be obtained by opti-
mizing the layer thickness.
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Fig. 3. MR curve of [CoFe/Cu/NiFeCo/Cul’.
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Fig. 4. MR curve of NiFe /Cu/Co/Cu/NiFe.

Sharply peaked MR curves with smaller A, were ob-
tained for epitaxially grown Co/Cu/NiFe spin-valves
along the easy axis. Fig. 4 shows a MR curve along the
(110) easy axis in the film plane for NiFe(10)/Cu(5)/
Co(5)/ Cu(5) / NiFe(10) film epitaxially grown on Si(100)
by UHV evaporation. The film shows a very small and
sharp threshold, as shown in the figure. The Co/Cu/
NiFe(Co) spin-valves are considered to be applicable for
the HM spin-valve memory device.

5. Conclusions

A new type of MRAM having NDRO characteristics
was developed using HM spin-valves composed of
[HM /Cu/SM(/Cu)]. Co(Fe}/Cu/NiFeCo spin-valves
having small thresholds are suitable for this memory de-
vice. Epitaxial growth technque is useful to obtain HM
spin-valves having sharp switching fields.
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