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(57) ABSTRACT 

The present invention relates to a magnetic memory device 
which additionally comprises a free magnetic layer constitut 
ing a horizontal direction variable magnetization layer having 
a fixed saturation magnetization value, whereby a Switching 
current is markedly reduced as compared with conventional 
magnetic layers such that a high degree of integration of the 
device can be achieved and it is possible to lower a critical 
current density necessary for magnetization reversal thereby 
reducing the power consumption of the device. Also, a stray 
field effect occurring from a fixed magnetic layer is reduced 
Such that a written magnetization data is thermally stable. 
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First free magnetic layer 
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FIG 4C 

Second free magnetic layer 
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FIG. 5A 
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FIG. 8A 

- Structure (FIG 1) 
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FIG. 8B 

- Structure (FG 1) 
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SPIN TRANSFER TOROUE MAGNETIC 
MEMORY DEVICE USING MAGNETIC 

RESONANCE PRECESSION AND THE SPIN 
FILTERING EFFECT 

TECHNICAL FIELD 

0001. The present invention relates to a magnetic memory 
device, and more particularly, to a spin transfer torque mag 
netic device that induces an alternating current magnetic field 
in itself in the injection of a current by inserting a free mag 
netic layer having horizontal anisotropy into a free layer 
having perpendicular anisotropy and that includes two fixed 
magnetic layers having magnetization directions opposite to 
each other not to deteriorate its characteristics by a stray field 
occurring from a fixed magnetic layer. 

BACKGROUND ART 

0002. A ferromagnetic material means a material that is 
spontaneously magnetized even though a strong magnetic 
field is not applied from the outside. A giant magnetic resis 
tance effect that an electric resistance is changed depending 
on relative magnetization directions of two magnetic layers 
occurs in a spin valve structure having a non-magnetic mate 
rial inserted between two ferromagnetic bodies (a first mag 
netic material/a non-magnetic material/a second magnetic 
material). This occurs because electric resistances experi 
enced by up-spin and down-spinare different from each other 
in the spin valve structure. The giant magnetic resistance 
effect is widely used as a core technique of a sensor for 
reading data stored in a hard disk. 
0003) While the giant magnetic resistance effect describes 
a phenomenon that relative magnetization directions of two 
magnetic layers control the flow of a current, it is also possible 
to control a magnetization direction of a magnetic layer using 
an applied current according to the law of action and reaction, 
which is Newton’s third law. A current is applied to the spin 
valve structure so that a current spin-polarized by the first 
magnetic material (a fixed magnetic layer) passes through the 
second magnetic material (a free magnetic layer) to transfer 
its spin angular momentum. This is called spin-transfer 
torque. International Business Machines Corporation (IBM) 
Suggested a device having a free magnetic layer of which a 
magnetization is reversed or continuously rotated using the 
spin-transfer-torque. Thereafter, the device was experimen 
tally identified. In particular, a magnetic memory device 
using the spin-transfer-torque is spotlighted as a new memory 
device replaced with a dynamics random access memory 
(DRAM). 
0004. A basic magnetic memory device has the spin valve 
structure, as described above. In other words, a conventional 
magnetic memory device 100 has a structure of a lower elec 
trode/a first magnetic material 101 (the fixed magnetic 
layer)/a non-magnetic material 102/a second magnetic mate 
rial 103 (the free magnetic layer) of which a magnetization 
direction is changable by a current/an upper electrode, as 
shown in the following FIG.1. The magnetization reversal of 
the second magnetic material is induced by a current or mag 
netic field applied from the outside, and a high resistance and 
a low resistance are shown by the giant magnetic resistance 
effect described above. These are applied as data of “0” or “1” 
written in the magnetic memory device. 
0005. If an external magnetic field is used in order to 
control the magnetization of a free layer, a half-selected cell 
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problem occurs with the reduction of a size of a device to limit 
high integration of the device. On the other hand, if the 
spin-transfer-torque occurring by applying a Voltage to a 
device is used, the magnetization reversal of a selected cell is 
easy irrelevantly to a size of a device. According to a physical 
mechanism of the spin-transfer-torque described above, a 
magnitude of the spin-transfer-torque occurring in the free 
magnetic layer is proportional to the amount of an applied 
current density (or a Voltage), and a critical current density for 
the magnetization reversal of the free magnetic layer exits. If 
all of the fixed layer and the free layer are composed of a 
material having perpendicular anisotropy, the critical current 
density J is expressed by the following equation 1. 

2e avis d Equation 1 
dc = h in (HKeif) 

0006. In the equation 1, “C.” denotes the Gilbert damping 
constant, “h” (= 1.05x10"J's) denotes a value obtained by 
dividing the Planck constant by 21, “e” (=1.6x10' C) 
denotes the quantity of electrical charge of the electron, “m. 
denotes a spin polarization efficiency constant determined by 
a material and a structure of a device, “M” denotes a satura 
tion magnetization of the free magnetic layer, “d denotes a 
thickness of the free magnetic layer, and "He denotes an 
effective anisotropy magnetic field in a perpendicular direc 
tion of a layer (He-H-47C Ms). 
0007 If a size of a cell is reduced for high integration of the 
device, the magnetization direction written by thermal energy 
at a room temperature is randomly changed. This is a limita 
tion of Super-paramagnetism and causes a problem that a 
written magnetic data is undesirably erased. A mean main 
taining time T of the magnetization direction overcoming the 
thermal energy is expressed by the following equation 2. 

Equation 2 

0008. In the equation 2, “to denotes an inverse number of 
an attempt frequency and is about ins, "K" denotes an 
effective magnetic anisotropy energy density of the free mag 
netic layer (HM/2), “V” denotes a volume of the device, 
“K” denotes the Boltzman's constant (=1.381x10' erg/K, 
and “T” denotes the Kelvin temperature. 
I0009. Here, “KV/kT is defined as a thermal stability 
factor A of the magnetic memory device. Generally, a condi 
tion of AD50 should be satisfied in order that the magnetic 
memory device maintains its non-volatile characteristic. If 
the volume V of the freelayer is reduced with the reduction of 
the size of the cell, the K should be increased to satisfy the 
condition of A-50. As a result, the J increases according to 
the equation 1. 
0010 Thus, because the A and the J of the magnetic 
memory device are proportional to the K a sufficient high A 
and a sufficient low J should be satisfied for the commercial 
ization of the device. In addition, because the amount of a 
current provided in a complementary metal-oxide-semicon 
ductor (CMOS) transistor device is limited, a low critical 
current density for the magnetization reversal of the free 
magnetic layer is required. Moreover, the reduction of the 
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critical current density is a necessary factor in order to reduce 
a power consumption required for driving the device. 
0011. In other words, the magnetization reversal critical 
current density of the free layer should be reduced in order to 
reduce the size of the memory device and in order to realize 
high integration of the memory device. Also, the magnetiza 
tion reversal critical current density of the free layer is 
reduced so that a power used for writing should be reduced. 
0012. As described above, because the critical current 
density of the magnetic memory device is proportional to the 
effective magnetic anisotropy magnetic field Her the effec 
tive magnetic anisotropy magnetic field He should be effec 
tively reduced in order to reduce the critical current density of 
the device. A method of applying a high frequency modula 
tion magnetic field was suggested as the above method. The 
high frequency modulation magnetic field was applied simul 
taneously with a magnetic field generated from a writing head 
ofa hard disk drive, thereby reducing a magnitude of a writing 
magnetic field. This uses a principle that a frequency of an 
applied AC magnetic field is closer to a resonance frequency 
of a magnetization of a writing medium to generate the mag 
netization reversal with a magnetic field lower than an origi 
nal H. A methodofreducing the critical current density by 
applying the same principle to a current driving magnetic 
memory device was experimentally verified. However, the 
principle and the structure Surely require an additional device 
for inducing the modulation magnetic field, and it was con 
firmed that a reduction effect of a driving power was less 
effective in an entire device. 
0013 Additionally, the magnetization direction of the sec 
ond magnetic material is varied by the stray field generated 
from the first magnetic material in the conventional art shown 
in the following FIG.1. In more detail, if the magnetization 
direction of the first magnetic material is a +z-axis being a 
thickness direction of a layer, a direction of the stray field also 
becomes the +z-axis. Under this condition, a A in the event 
that the magnetization direction of the second magnetic mate 
rial is a -Z-axis is Smaller than a A in the event that the 
magnetization direction of the second magnetic material is 
the +z-axis, due to the influence of the stray field. Since the 
magnetic memory device has all of the directions being +Z 
and -Z directions of the second magnetic material, thermal 
stability of the magnetization is determined by a smaller A of 
the two events. Thus, characteristics of the device are dete 
riorated by the stray field generated from the first magnetic 
material. 
0014. Additionally, if the saturation magnetization value 
of a magnetic layer is 650 emu/cm or more, the influence of 
a corresponding magnetic layer on a neighboring magnetic 
layer increases to be likely to cause problems on characteris 
tics of the device. 

DISCLOSURE OF THE INVENTION 

Technical Problem 

0015. Accordingly, the present invention provides a mag 
netic memory device using spin-transfer-torque and having a 
lower critical current density and no deterioration of device 
characteristics caused by a stray field generated from a fixed 
magnetic layer in order to realize its high integration. 

Technical Solution 

0016. According to the present invention, 
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0017 there is provided a magnetic memory device includ 
ing: a first fixed magnetic layer, a first free magnetic layer; 
and a second free magnetic layer. 
0018. The first fixed magnetic layer is a thin layer formed 
of a material that has a fixed magnetization direction and that 
is magnetized in a perpendicular direction to a plane of the 
layer. 
0019. The first free magnetic layer is a thin layer formed of 
a material that has a magnetization direction changed by a 
current applied from the outside and that is magnetized in a 
perpendicular direction to a plane of the layer. 
0020. The second free magnetic layer is a thin layer 
formed of a material that has a magnetization direction 
changed by a current applied from the outside and that is 
magnetized in a horizontal direction to a plane of the layer. 
0021. A first non-magnetic layer and a second non-mag 
netic layer are disposed between the first fixed magnetic layer 
and the first free magnetic layer and between the first free 
magnetic layer and the second free magnetic layer, respec 
tively. 
0022. According to an embodiment of the present inven 
tion, the magnetic memory device may further include a 
second fixed magnetic layer; and a third non-magnetic layer 
between the second free magnetic layer and the second fixed 
magnetic layer. The second fixed magnetic layer may be a thin 
layer formed of a material that has a fixed magnetization 
direction opposite to the first fixed magnetic layer and that is 
magnetized in a perpendicular direction to a plane of the 
layer. 
0023. Also, a saturation magnetization value of the mate 
rial magnetized in the horizontal direction may be in a range 
of 300-2000 kA/m. 
0024. According to an embodiment of the present inven 
tion, the first fixed magnetic layer and the second fixed mag 
netic layer may be each independently formed of a material 
selected from a group consisting of Fe, Co, Ni, B, Si, Zr, Pt, 
Pd, and a mixture thereof. 
0025. Also, the first fixed magnetic layer and the second 
fixed magnetic layer may be a multi-thin layer consisting of n 
stacked double layer (nel), the double layer may consist of an 
X layer and aY layer, and the X layer and the Y layer may be 
each independently formed of a material selected from a 
group consisting of Fe, Co, Ni, B, Si, Tb, Zr, Pt, Pd, and a 
mixture thereof. 
0026. According to an embodiment of the present inven 
tion, at least one of the first fixed magnetic layer and the 
second fixed magnetic layer may have an anti-magnetic struc 
ture consisting of a first magnetic layer, a non-magnetic layer 
and a second magnetic layer. The first magnetic layer and the 
second magnetic layer may be each independently formed of 
a material selected from a group consisting of Fe, Co, Ni, B, 
Si, Zr, Pt, Pd, and a mixture thereof. 
0027. According to an embodiment of the present inven 
tion, at least one of the first magnetic layer and the second 
magnetic layer may be a multi-thin layer consisting of n 
stacked double layer (nel), the double layer may consist of an 
X layer and aY layer, and the X layer and the Y layer may be 
each independently formed of a material selected from a 
group consisting of Fe, Co, Ni, B, Si, Zr, Pt, Pd, and a mixture 
thereof. 
0028. According to an embodiment of the present inven 
tion, at least one of the first fixed magnetic layer and the 
second fixed magnetic layer may have an exchange biased 
anti-magnetic structure consisting of an antiferromagnetic 
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layer, a first magnetic layer, a non-magnetic layer and a sec 
ond magnetic layer. The antiferromagnetic layer may be 
formed of a material selected from a group consisting of Ir, Pt, 
Mn, and a mixture thereof. The first magnetic layer and the 
second magnetic layer may be each independently formed of 
a material selected from a group consisting of Fe, Co, Ni, B, 
Si, Zr, Pt, Pd, and a mixture thereof. 
0029. According to an embodiment of the present inven 

tion, at least one of the first magnetic layer and the second 
magnetic layer may be a multi-thin layer consisting of n 
stacked double layer (nel), the double layer may consist of an 
X layer and aY layer, and the X layer and the Y layer may be 
each independently formed of a material selected from a 
group consisting of Fe, Co, Ni, B, Si, Zr, Pt, Pd, and a mixture 
thereof. 
0030. According to an embodiment of the present inven 

tion, the first fixed magnetic layer and the second fixed mag 
netic layer may be formed of different materials from each 
other and may have different multi-thin layer structures from 
each other. 
0031. According to an embodiment of the present inven 

tion, the first free magnetic layer may be formed of a material 
selected from a group consisting of Fe, Co, Ni, B, Si, Zr, Pt, 
Pd, and a mixture thereof. 
0032. According to another embodiment of the present 
invention, the first free magnetic layer may be a multi-thin 
layer consisting of a layer formed of a material selected from 
a group consisting of Fe, Co, Ni, B, Si, Zr, Pt, Pd, and a 
mixture thereof, and a layer consisting of n stacked double 
layer (nel). The double layer may consist of an X layer and a 
Y layer. The X layer and the Y layer may be each indepen 
dently formed of a material selected from a group consisting 
of Fe, Co, Ni, B, Si, Zr, Pt, and Pd. 
0033 According to an embodiment of the present inven 

tion, the second free magnetic layer may be formed of a 
material selected from a group consisting of Fe, Co, Ni, B, Si. 
Zr, and a mixture thereof. 
0034. According to another embodiment of the present 
invention, the first non-magnetic layer, the second non-mag 
netic layer and the third non-magnetic layer may beformed of 
different materials from each other. The first non-magnetic 
layer, the second non-magnetic layer and the third non-mag 
netic layer may be each independently formed of a material 
selected from a group consisting of Ru, Cu, Al, Ta, Au, Ag, 
AlO, MgO, TaO, ZrO, and a mixture thereof. 
0035. According to another embodiment of the present 
invention, electrical conductivities of the first non-magnetic 
layer, the second non-magnetic layer and the third non-mag 
netic layer may be higher or lower than those of the first fixed 
magnetic layer, the first free magnetic layer, the second free 
magnetic layer and the second fixed magnetic layer. 
0036. According to another embodiment of the present 
invention, the magnetic memory device may further include: 
an upper electrode and a lower electrode Supplying a current 
to a device. 

Advantageous Effects 
0037. The magnetic memory device having a new struc 
ture according to the present invention further includes the 
free magnetic layer constituting a horizontal direction vari 
able magnetization layer having a fixed saturation magneti 
Zation value, whereby a Switching current is markedly 
reduced as compared with conventional magnetic layerS Such 
that a high degree of integration of the device can be achieved 
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and it is possible to lower a critical current density necessary 
for magnetization reversal thereby reducing a power con 
Sumption of the device. Also, a stray field effect occurring 
from a fixed magnetic layer is reduced such that a written 
magnetization data is thermally stable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0038 FIG. 1 is a cross-sectional view showing a structure 
of a conventional magnetic memory device using spin-trans 
fer-torque; 
0039 FIG. 2 is a cross-sectional view showing a structure 
of a magnetic memory device using spin-transfer-torque 
according to an embodiment of the present invention; 
0040 FIG. 3 is a cross-sectional view showing a structure 
of a magnetic memory device using spin-transfer-torque 
according to another embodiment of the present invention; 
0041 FIG. 4A is a graph showing an applied current 
according to a time in the device of FIG. 2; 
0042 FIG. 4B is a graph showing magnetization behavior 
of a first free magnetic layer according to a time in the device 
of FIG. 2: 
0043 FIG. 4C is a graph showing magnetization behavior 
of a second free magnetic layer according to a time in the 
device of FIG. 2; 
0044 FIG. 4D is a graph showing an alternating current 
(AC) magnetic field occurring in a first free magnetic layer 
according to a precessional motion of a second free magnetic 
layer in the device of FIG. 2; 
0045 FIG. 5A is a graph showing switching probabilities 
according to an applied current of the structures of FIGS. 1 
and 2: 
0046 FIG. 5B is a graph showing values obtained by 
differentiating Switching probabilities according to an 
applied current of the structures of FIGS. 1 and 2 with a 
current; 
0047 FIG. 6 is a graph showing a switching current of a 
magnetic memory device according to a saturation magneti 
Zation value and a spin polarization efficiency of a second free 
magnetic layer in the device of FIG. 2; 
0048. In FIG. 7, (a) is a graph showing switching prob 
abilities according to an applied current of the structures of 
FIGS. 1 and 3; 
0049. In FIG. 7, (b) is a graph showing values obtained by 
differentiating Switching probabilities according to an 
applied current of the structures of FIGS. 1 and 3 with a 
current; 
0050 FIG. 8A is a graph showing a switching current 
density of a magnetic memory device having the structure of 
FIG. 1 and a Switching current according to a Saturation 
magnetization value of a second free magnetic layer of a 
magnetic memory device having the structure of FIG. 3; and 
0051 FIG. 8B is a graph showing a distribution chart of a 
Switching current density of a magnetic memory device hav 
ing the structure of FIG. 1 and a distribution chart of a switch 
ing current density according to a saturation magnetization 
value of a second free magnetic layer of a magnetic memory 
device having the structure of FIG. 3 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0.052 Hereinafter, the present invention will be described 
in detail. 
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0053 According to the present invention, in a magnetic 
memory device, thermal stability is maintained and a critical 
current density is reduced to reduce a device size. Thus, high 
integration is realized and usage power consumption is 
reduced in writing. Additionally, characteristics of the device 
are not deteriorated by a stray field generated from a fixed 
magnetic layer. To achieve these, the present invention pro 
vides a new structural magnetic memory device that induces 
an alternating current (AC) magnetic field in itself and con 
trols this. 
0054. A magnetic memory device 200 according to an 
embodiment of the present invention includes a fixed mag 
netic layer 201, a first non-magnetic layer 202, a first free 
magnetic layer 203, a second non-magnetic layer 204 and a 
second free magnetic layer 205. The fixed magnetic layer is a 
thin layer formed of a material that has a fixed magnetization 
direction and that is magnetized in a perpendicular direction 
to a plane of the layer. The first free magnetic layer is a thin 
layer formed of a material that has a magnetization direction 
changed by a current applied from the outside and that is 
magnetized in a perpendicular direction to a plane of the 
layer. The second free magnetic layer is a thin layer formed of 
a material that has a magnetization direction changed by a 
current applied from the outside and that is magnetized in a 
horizontal direction to a plane of the layer. 
0055. In other words, the second free magnetic layer 205 
having horizontal anisotropy is additionally inserted in the 
first free magnetic layer 203 having perpendicular anisotropy, 
so that the magnetization of the second free magnetic layer is 
rotated by a spin-transfer-torque effect when a current is 
applied and so that a direct current (DC) is applied to rotate 
the magnetization in a plane of the free layer with a high 
frequency. As a result, an alternating current (AC) magnetic 
field having the high frequency is autonomously generated to 
be possible to effectively reduce the critical current density of 
the device. 
0056. Also, a magnetic memory device 300 according to 
another embodiment of the present invention includes a first 
fixed magnetic layer 301, a first non-magnetic layer 302, a 
first free magnetic layer 303, a second non-magnetic layer 
304, a second free magnetic layer 305, a third non-magnetic 
layer 306 and a second fixed magnetic layer 307. The first and 
second fixed magnetic layers are thin layers formed of mate 
rials that have fixed magnetization directions opposite to each 
other and that are magnetized in a perpendicular direction to 
planes of the layers. The first free magnetic layer is a thin 
layer formed of a material that has a magnetization direction 
changed by a current applied from the outside and that is 
magnetized in a perpendicular direction to a plane of the 
layer. The second free magnetic layer is a thin layer formed of 
a material that has a magnetization direction changed by a 
current applied from the outside and that is magnetized in a 
horizontal direction to a plane of the layer. 
0057. In other words, the second free magnetic layer 305 
having horizontal anisotropy is additionally inserted in the 
first free magnetic layer 303 having perpendicular anisotropy, 
so that the second free magnetic layer performs a precessional 
motion through the spin-transfer-torque effect to generate a 
high frequency alternating current (AC) magnetic field. The 
high frequency alternating current (AC) magnetic field is 
possible to reduce the critical current density of the device. 
0058 Also, the alternating current (AC) magnetic field by 
the precessional motion of the second free magnetic layer is 
determined depending on the current applied from the outside 
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and an effective magnetic field of the second free magnetic 
layer. In particular, since the second fixed magnetic layer is 
inserted, an induced magnetic field may be generated in the 
perpendicular direction to the plane of the second free mag 
netic layer. Thus, the precessional motion of the second free 
magnetic layer may be controlled depending on a structure 
and a physical property value of the second fixed freelayer. In 
other words, it is possible to control the alternating current 
magnetic field generated in the device by a structure and a 
physical property value of the device as well as an external 
Current. 

0059 Also, the magnetization direction of the first fixed 
magnetic layer and the magnetization direction of the second 
fixed magnetic layer may be controlled to reduce the Stray 
field applied to the first free magnetic layer as compared with 
a conventional device. Thus, the thermal stability of magne 
tization data written in the device may be improved. 
0060. The following FIG. 2 is a cross-sectional view 
showing a structure of a spin-transfer-torque magnetic 
memory device 200 according to an embodiment of the 
present invention. The device according to the present inven 
tion basically has a structure including a lower electrode, a 
fixed magnetic layer 201 having magnetization of a perpen 
dicular direction, a first non-magnetic layer 202, a first free 
magnetic layer 203 having perpendicular anisotropy and a 
magnetization direction changed by a current, a second non 
magnetic layer 204, a second free magnetic layer 205 having 
horizontal magnetization and a magnetization direction 
changed by a current, and an upper electrode. 
0061. In the first free magnetic layer 203, a perpendicular 
crystal anisotropy magnetic field (H–2K/Ms) capable of 
standing the magnetization perpendicularly is generally 
remarkably greater than a shape anisotropy magnetic field 
(H-47CMs) capable of laying the magnetization horizontally 
Such that the magnetization direction is stabilized in the per 
pendicular direction of the layer. (i.e., H. H.-H...-H...- 
4t M>0) 
0062. In the second free magnetic layer 205, a shape 
anisotropy magnetic field is remarkably greater a magnetic 
anisotropy magnetic field Such that the magnetization direc 
tion is stabilized in the plane of the layer. Thus, a great angle 
is maintained between the magnetizations of the first free 
magnetic layer 203 and the second free magnetic layer 205 in 
a condition that a current is not applied. 
0063. If a current is applied for magnetization switching, 
the first free magnetic layer 203 receives spin-transfer-torque 
from electrons that are spin-polarized by the fixed magnetic 
layer 201. Also, since the second non-magnetic layer 204 is 
disposed between the first free magnetic layer 203 and the 
second free magnetic layer 205, the second free magnetic 
layer 205 receives spin-transfer-torque from electrons that are 
spin-polarized by the first free magnetic layer 203. In other 
words, ifa Voltage is applied to the magnetic memory device, 
the magnetization of the second free magnetic layer 205 
receives the spin-transfer-torque close to perpendicular Such 
that the magnetization of the second free magnetic layer 205 
is rotated at high speed. 
0064. Thus, the second free magnetic layer 205 rotated at 
the high speed provides a modulation magnetic field to the 
device, thereby obtaining an effect that effectively reduces a 
critical current density of the first free magnetic layer 203. If 
a total resistance of the device is low, a larger amount of the 
current flows by the same applying Voltage to reduce a power 
required for magnetization reversal. The first non-magnetic 
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layer 202 and the second non-magnetic layer 204 may use a 
metal having remarkably high electrical conductivity. 
0065. The following FIG. 3 is a cross-sectional view 
showing a structure of a spin-transfer-torque magnetic 
memory device 300 according to another embodiment of the 
present invention. The device according to the present inven 
tion basically has a structure including a lower electrode, a 
first fixed magnetic layer 301 having magnetization of a per 
pendicular direction, a first non-magnetic layer 302, a first 
free magnetic layer 303 having perpendicular anisotropy and 
a magnetization direction changed by a current, a second 
non-magnetic layer 304, a second free magnetic layer 305 
having horizontal anisotropy and a magnetization direction 
changed by a current, a third non-magnetic layer 306, a sec 
ond fixed magnetic layer 307 having magnetization of a per 
pendicular direction, and an upper electrode. 
0066. In the first free magnetic layer 303, a perpendicular 
crystal anisotropy magnetic field (H–2K/Ms) capable of 
standing the magnetization perpendicularly is remarkably 
greater than a shape anisotropy magnetic field (H 471. Ms) 
capable of laying the magnetization horizontally such that the 
magnetization direction is stabilized in the perpendicular 
direction to the plane of the layer. (i.e., H-H - 
HH-47 LM-0) On the other hand, the second free mag 
netic layer 305 is stabilized in the plane of the layer by a shape 
anisotropy magnetic field. As a result, a great angle is main 
tained between the magnetizations of the two free magnetic 
layers even though an external magnetic field or a current is 
not applied. 
0067. If a current is applied for magnetization reversal, the 

first free magnetic layer 303 receives spin-transfer-torque 
from a current spin-polarized by the first fixed magnetic layer 
301. Also, since the second non-magnetic layer 304 is dis 
posed between the first free magnetic layer 303 and the sec 
ond free magnetic layer 305, the second free magnetic layer 
305 receives spin-transfer-torque from a current spin-polar 
ized by the first free magnetic layer 303. Thus, if a voltage is 
applied to the magnetic memory device, the magnetization of 
the second free magnetic layer 305 receives the spin-transfer 
torque of a component close to perpendicular such that the 
magnetization is rotated at high speed. 
0068 Also, since the third non-magnetic material 306 is 
disposed between the second free magnetic layer 305 and the 
second fixed magnetic layer 307, spin-transfer-torque and an 
induced magnetic field are received from a current spin-po 
larized by the second fixed magnetic layer 307, and they are 
parallel or anti-parallel to each other by the applied current 
and act in a perpendicular direction to the plane of the layer. 
A frequency and a magnitude of the high alternating current 
(AC) magnetic field are influenced. 
0069. Thus, the second free magnetic layer 305 rotated at 
the high speed provides a modulation magnetic field to the 
device, thereby obtaining an effect that effectively reduces a 
critical current density of the first free magnetic layer 303. 
The modulation magnetic field may be effectively controlled 
using the current and the induced magnetic field applied 
through the second fixed magnetic layer. Also, the magneti 
zation direction of the first fixed magnetic layer and a relative 
magnetization direction of the second fixed magnetic layer 
may be controlled to reduce a stray field applied to the first 
free magnetic layer as compared with a conventional device. 
Thus, the thermal stability of magnetization data written in 
the device may be improved. 
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0070 The first non-magnetic layers 202 and 302, the sec 
ond non-magnetic layers 204 and 304 and the third non 
magnetic layer 306 may use a metal having a remarkably high 
electrical conductivity. Additionally, a material having 
remarkably low electrical conductivity may be used. In this 
case, a current may be reduced under the same Voltage but a 
magnetic resistance difference according to magnetization 
rotation by a tunneling effect of electrons may become very 
great to obtain a high magnetic resistance ratio. Thus, the 
material having remarkably low electrical conductivity may 
be used in at least one of the first non-magnetic layer 202, the 
second non-magnetic layer 204 and the third non-magnetic 
layer 206 or in all of the three non-magnetic layers. 
0071. In the magnetic memory device according to the 
present invention, a structure having a size as Small as pos 
sible should be realized using a patterning technique in order 
to obtain a high current density. At this time, it is preferable 
that a section of the device is close to a circle. Thus, magnetic 
shape anisotropy in a plane is the same in any direction Such 
that the high speed rotation of the magnetizations of the first 
free magnetic layers 203 and 303 and the second free mag 
netic layers 205 and 305. 
0072 Hereinafter, the present invention will be described 
in more detail through preferred embodiments. However, the 
present invention is not limited to the embodiments. In other 
words, the present invention is not limited to the following 
experimental conditions and kinds of materials, etc. 

MODE FOR CARRYING OUT THE INVENTION 

Embodiment 

0073. The effect of the magnetic memory device accord 
ing to the present invention was confirmed through micro 
magnetic modeling using an equation of motion of magneti 
zation. The justification of this method was efficiently 
secured through a conventional computer hard disk develop 
ment and spin-transfer-torque research. 
0074 The equation of motion of the magnetization is 
expressed by the following equation 3. 

T; -y(m X Hg) + an X T Equation 3 

Af in X (n1 Xp1) + E. m1 X (n1 X m2) 

T -(n,x H:")+am, XTE 
E. m2 X (m2 Xml) + ; it in X (n1 Xp2) 

p1 = 2, p2 = -2. 

(0075. In the equation 3, 
0076 “m1 and “m2 denote unit magnetization vectors 
of the first free magnetic layer 203 and 303 and the second 
free magnetic layer 205 and 305, respectively, “y” denotes a 
magnetic rotational constant, “H, and “H” denotes 
entire effective magnetic field vectors of the first free mag 
netic layer 203 and 303 and the second free magnetic layer 
205 and 305, respectively, “C.” denotes the Gilbert damping 
constant, “h” (= 1.05x10"J's) denotes a value obtained by 
dividing the Planck constant by 21, “e” (=1.6x10' C) 
denotes the quantity of electrical charge of the electron, “m. 
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mand'm denote spin polarization efficiency constants of 
the first free magnetic layer 203 and 303 and the second free 
magnetic layer 205 and 305 determined by a material and an 
entire structure of a device, “J” denotes an applied current 
density, “Ms and “Ms. denote Saturation magnetization 
values of the first free magnetic layer 203 and 303 and the 
second free magnetic layer 205 and 305, and “d and “d 
denote thicknesses of the first free magnetic layer 203 and 303 
and the second free magnetic layer 205 and 305, respectively. 
“P” denotes a unit vector showing a spin direction of a spin 
polarization current inputted from the first fixed magnetic 
layer 201 and 301 into the first free magnetic layer 203 and 
303, and “P” denotes a unit vector showing a spin direction 
of a spin polarization current inputted from the second fixed 
magnetic layer 307 into the second free magnetic layer 305. 
Here, “P” and “P” are unit vectors parallel to a Z-axis 
corresponding to a thickness direction of a layer. 

Experimental Example 1 

Magnetization Behavior of First Free Magnetic 
Layer and Second Free Magnetic Layer According to 
a Time Caused by Applying a Current to the Device 

According to the Present Invention 
0077 (1) There is illustrated magnetization behavior of 
the first free magnetic layer having the perpendicular anisot 
ropy and the second free magnetic layer having the horizontal 
anisotropy when the current is applied to the magnetic 
memory device according to an embodiment of the present 
invention as shown in the following FIG. 2. 
0078 (2) Structure and physical property values of the 
device are as follows: 
0079 sectional area of an entire structure-314 nm, 
0080 fixed magnetic layer 201/first non-magnetic layer 
202/first free magnetic layer 203: “thickness (t)=3 nm, per 
pendicular anisotropy constant (K)=6x10 erg/cm, Satura 
tion magnetization value (Ms)=1000 emu/cm, Gilbert 
damping constant (C)=0.01, and spin polarization efficiency 
constant (m)=1.0, 
0081 second non-magnetic layer 204: thickness t-1 nm, 
and 
0082 second free magnetic layer 205: “thickness (t)=1 
nm, perpendicular anisotropy constant(K)=0 erg/cm, Satu 
ration magnetization value (Ms)–700 emu/cm, Gilbert 
damping constant (C)=0.01, and spin polarization efficiency 
constant (m)=1.0. 
0083 (3) The following FIG. 4A is a graph showing an 
applied current according to a time. A current pulse having a 
rise time of 40 ps and a width of 5 ns was applied in order to 
observe Switching behavior of the magnetization. 
0084. The following FIG. 4B is a graph showing the mag 
netization behavior of the first free magnetic layer 203 
according to a time. 
0085. Referring to the following FIG. 4B, anx-component 
being a horizontal direction to the plane of the layer oscillates 
according to the time, and a Z-component is changed from 
+1000 emu/cm to -1000 emu/cm at a time (t) of about ins. 
This means that a magnetization component is Switched by 
the applied current. 
I0086. The following FIG. 4C is a graph showing magne 
tization behavior of the second free magnetic layer 205 
according to a time. 
0087. Referring to the following FIG. 4C, a component in 
a plane (i.e., an X-axis component) of the magnetization of the 
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second free magnetic layer 205 is very greater than a perpen 
dicular component (i.e., an Z-axis component) of the magne 
tization of the second free magnetic layer 205, and the second 
free magnetic layer 205 shows behavior oscillating according 
to a time with the same period as the magnetization of the first 
free magnetic layer 203. The oscillation (i.e., precessional 
motion) according to the time of the second free magnetic 
layer 205 occurs by perpendicular directional spin torque 
spin-polarized by the first free magnetic layer 203 magne 
tized in a perpendicular direction when the current is applied 
to the entire structure. 
I0088. The following FIG. 4D is a graph showing an alter 
nating current (AC) magnetic field generated in the first free 
magnetic layer 203 by the precessional motion of the second 
free magnetic layer 205 according to the time. The alternating 
current (AC) magnetic field is a magnetic field that is gener 
ated by the magnetization of the second free magnetic layer 
205 in a position of the first free magnetic layer 203. This 
occurs because of the precessional motion of the magnetiza 
tion of the second free magnetic layer 205 according to the 
time. 
I0089 Referring to the following FIG. 4D, the alternating 
current (AC) magnetic field having an X-component and a 
magnitude of about 200 Oe is autonomously generated in the 
magnetic memory device structure according to the present 
invention. Thus, the device structure according to the present 
invention does not require an external additional element 
generating an alternating current (AC) magnetic field in order 
to reduce a current density for reversing the magnetization of 
the first free magnetic layer 203, unlike a conventional device 
Structure. 

0090. In other words, since the component in the plane of 
the second free magnetic layer 205 does the precessional 
motion, the X-component of the alternating current (AC) 
magnetic field induced in the first free magnetic layer is very 
greater than a Z-component of the alternating current (AC) 
magnetic field. As a result, the induced magnetic field reduces 
anisotropy energy of a magnetization easy axis (Z-axis) of the 
first free magnetic layer 203 such that the magnetization 
switching of the first free magnetic layer 203 is easy. 

Experimental Example 2 

Measurement of Switching Probabilities with 
Respect to Currents Applied to a Device According 
to the Present Invention and a Device According to a 

Conventional Structure 

0091 (1) There are illustrated switching currents with 
respect to the conventional structure of FIG. 1 and the new 
structure according to the present invention of FIG. 2. 
0092 (2) Structure and physical property values of the 
devices are as follows. 
0093. A sectional area of an entire structure of each of the 
two structures is 314 nm. 
0094. The conventional structure of FIG. 1 has fixed mag 
netic layer 101/non-magnetic layer 102/free magnetic layer 
103: “thickness (t)=3 nm, perpendicular anisotropy constant 
(K)=6x10 erg/cm, Saturation magnetization value (Ms) 
=1000 emu/cm, Gilbert damping constant (C)=0.01, and 
spin polarization efficiency constant (m)-1.0°. 
0.095 The physical property values of the new structure 
according to the present invention are as follows: 
0096 fixed magnetic layer 201/first non-magnetic layer 
202/first free magnetic layer 203: “thickness (t)=3 nm, per 
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pendicular anisotropy constant (K)=6x10" erg/cm, Satura 
tion magnetization value (Ms)=1000 emu/cm, Gilbert 
damping constant (C)=0.01, and spin polarization efficiency 
constant (m)=1.0, 
0097 second non-magnetic layer 204: thickness t-1 nm, 
and second free magnetic layer 205: “thickness (t)=1 nm, 
perpendicular anisotropy constant (K)=0 erg/cm, Satura 
tion magnetization value (Ms)=700 emu/cm, Gilbert damp 
ing constant (C)=0.01, and spin polarization efficiency con 
stant (m)=1.0. 
0098. The fixed magnetic layer, the non-magnetic layer 
and the free magnetic layer of the conventional structure have 
the same structures and the same physical property values as 
the fixed magnetic layer, the first non-magnetic layer and the 
first free magnetic layer of the new structure according to the 
present invention. 
0099 (3) In the present experimental example, a tempera 
ture of the device is 300K, and the experiment was repeated 
100 times with respect to each applied current, thereby mea 
Suring probability of magnetization Switching. 
0100. The following FIG. 5A is a graph showing switch 
ing probabilities Ps, according to applied currents of the new 
structure (FIG. 2) according to the present invention and the 
conventional structure (FIG. 1). 
0101 Referring to the following FIG. 5A, a switching 
current is defined as a current having a Switching probability 
Ps of 0.5. The switching current of the new structure was 7.9 
LA and the Switching current of the conventional structure 
was 17.6 LA. In other words, this means that the Switching 
current is reduced by about 55%. 
0102 The following FIG. 5B is a graph showing values 
obtained by differentiating the switching probabilities shown 
in FIG. 5A with a current. 
(0103 Referring to the following FIG. 5B, a Q-factor is a 
value obtained by dividing an X-axis value of a peak by a 
width of a distribution functions at a position having a y-axis 
value of 0.5 (i.e., full width half maximum (FWHM)) in a 
general probability distribution. In the present experimental 
example, the Q-factor is defined as I/AI. The Q-factor of the 
new structure of FIG. 2 according to the present invention is 
13.5, and the Q-factor of the conventional structure of FIG. 1 
is 3.6. 
0104. In other words, the high Q-factor of the magnetic 
memory device structure according to the present invention 
means that the switching probability distribution is small. 
This means that dispersion of the current applied for changing 
a magnetization state is Small. Thus, the magnetic memory 
device structure according to the present invention is excel 
lent in commercialization. 

Experimental Example 3 

Measurement of a Switching Current According to a 
Saturation Magnetization Value of the Second Free 
Magnetic Layer 205 in the Device According to the 

Present Invention 

0105 (1) There is illustrated variation of the switching 
current according to the saturation magnetization value (Ms) 
of the second free magnetic layer 205 in the new structure 
according to the present invention. 
0106 (2) Structure and physical property values of the 
device are as follows: 

I0107 sectional area of an entire structure=314 nm, 
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0.108 fixed magnetic layer 201/first non-magnetic layer 
202/first free magnetic layer 203: “thickness (t)=3 nm, per 
pendicular anisotropy constant (K)=6x10 erg/cm, satura 
tion magnetization value (Ms)=1000 emu/cm, Gilbert 
damping constant (C)=0.01, and spin polarization efficiency 
constant (m)=1.0, 
0109 second non-magnetic layer 204: thickness t-1 nm, 
and 
0110 second free magnetic layer 205: “thickness (t)=1 
nm, perpendicular anisotropy constant(K)=0 erg/cm, satu 
ration magnetization value (Ms)=0-2000 emu/cm, Gilbert 
damping constant (C)=0.01, and spin polarization efficiency 
constant (m)-0-1.0°. 
0111. In the present experimental example, a temperature 
of the device is 300K, and switching probability was mea 
sured after the experiment was repeated 100 times with 
respect to each applied current like the experimental example 
2. 
0112 The following FIG. 6 is a graph showing a switching 
current with respect to the Saturation magnetization value and 
the spin polarization efficiency of the second free magnetic 
layer 205. 
0113 Referring to the following FIG. 6, the switching 
current is varied according to the saturation magnetization 
value (Ms) of the second free magnetic layer 205 having the 
horizontal anisotropy. Here, a case having the Saturation mag 
netization value (Ms) of 0 emu/cm corresponds to a struc 
ture not including the second free magnetic layer, i.e., the 
conventional magnetic memory device structure of FIG. 1. 
According to the present invention, if the Saturation magne 
tization value (Ms) is 300 emu/cm or more, the switching 
current is reduced as compared with the conventional struc 
ture regardless of the spin polarization efficiency of the sec 
ond free magnetic layer 205. In particular, the reduction effect 
of the Switching current is greatest when the saturation mag 
netization value (Ms) is in a range of 300 emu/cm to 500 
emu/cm. 
0114. As described above, the induced alternating current 
(AC) magnetic field of the second free magnetic layer 205 is 
required in order to reduce the switching current of the first 
free magnetic layer 203. As described in the present experi 
mental example, the reduction effect of the switching current 
density is produced when the Saturation magnetization value 
(Ms) of the second free magnetic layer 205 is 300 emu/cm 
O. O. 

0115 The new magnetic memory device structure accord 
ing to the present invention includes the second free magnetic 
layer 205 having the saturation magnetization value equal to 
or greater than a certain value and the horizontal anisotropy 
Such that the Switching current is effectively reduced as com 
pared with the conventional structure. 

Experimental Example 4 

Measurement of Switching Probabilities According 
to Applied Currents of a Device According to a 

Conventional Structure and a Device According to 
the Present Invention 

0116. There are illustrated switching probabilities accord 
ing to applied currents of the conventional structure of FIG. 1 
and the device of the new structure of FIG.3 according to the 
present invention. 
0117 Structures and physical property values of the 
devices are as follows. 
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0118. A sectional area of an entire structure of each of the 
two structures is 314 nm. 
0119 The conventional structure of FIG. 1 has fixed mag 
netic layer 101/non-magnetic layer 102/free magnetic layer 
103 (thickness (t)=3 nm, perpendicular anisotropy constant 
(K)=7x10J/m, saturation magnetization value (Ms) 1100 
kA/m, Gilbert damping constant (C)=0.01, and spin polariza 
tion efficiency constant (m)=1.0). 
0120. The new structure according to the present invention 
of FIG.3 has first fixed magnetic layer 301/first non-magnetic 
material 302 (thickness (t)=1 nm)/first free magnetic layer 
303 (thickness (t)=3 nm, perpendicular anisotropy constant 
(K)=7x10 J/m, saturation magnetization value (Ms) 
=1100 kA/m, Gilbert damping constant (C)=0.01, and spin 
polarization efficiency constant ()=1.0)/second non-mag 
netic layer 304 (thickness (t)=1 nm)/second free magnetic 
layer 305 (thickness (t)=1 nm, perpendicular anisotropy con 
stant (K) erg/. Saturation magnetization value (Ms) 800/m, 
Gilbert damping constant (C.)=0.01, spin polarization effi 
ciency constant by first free magnetic layer (m)-1.0, spin 
polarization efficiency constant by second fixed magnetic 
layer (m)=0)/third non-magnetic layer 306 (thickness (t)=1 
nm)/second fixed magnetic layer 307 (thickness (t)=3 nm, 
saturation magnetization value (Ms) 1100 kA/m). Thus, the 
fixed layer, the non-magnetic layer and the free magnetic 
layer of the conventional structure have the same structures 
and the same physical property values as the first fixed mag 
netic layer, the first non-magnetic layer and the first free 
magnetic layer of the new structure according to the present 
invention. 

0121 (3) In the present experimental example, a tempera 
ture of the device is 300 k, and the experiment was repeated 
100 times with respect to each applied current to measure a 
probability of the magnetization direction of the free layer 
(first free layer) switched from an initial direction to an oppo 
site direction. 

0122) “(a) of the following FIG. 7 is a graph showing 
Switching probabilities (Ps) according to the applied cur 
rents of the new structure according to the present invention 
of FIG.3 and the conventional structure of FIG.1. Here, a full 
line shows values obtained by fitting the following equation 4. 
The following equation 4 is a cumulative distribution func 
tion. 

Equation 4 1 lopp - sw Pct = - 1 + erit pp } Sw { or V2 

(0123. In the equation 4, “I” denotes an applied current 
density, "Is denotes a Switching current density, and 'o' 
denotes standard deviation of probability distribution. 
0.124 Referring to (a) of the following FIG. 7, a switching 
current is defined as a current having a Switching probability 
Ps of 0.5 and is obtained by fitting the equation 4. The 
Switching current is 10.1 LA in the structure according to the 
present invention, and the Switching current is 18.36LA in the 
conventional structure. In other words, the Switching current 
of the magnetic memory device applied with the structure 
according to the present invention was reduced by about 45%. 
0125 “(b) of the following FIG. 7 is a graph showing 
values obtained by differentiating switching probabilities 
Ps according to applied currents of the conventional struc 

Jun. 12, 2014 

ture of FIG. 1 and the new structure according to the present 
invention of FIG. 3 with a current. 
0.126 Referring to (b) of the following FIG. 7, a Q-factor 

is a value obtained by dividing an X-axis value of a peak by a 
width of a distribution functions at a position having a y-axis 
value of 0.5 (i.e., full width half maximum (FWHM)) in a 
general probability distribution. In the present experimental 
example, the Q-factoris defined as Isr/AI. The Q-factor of the 
new structure of FIG.3 according to the present invention is 
7.14 and the Q-factor of the conventional structure of FIG. 1 
is 3.43. Also, the standard deviation o is obtained from the 
equation 4. The standard deviation G of the new structure is 
1.21 and the standard deviation o of the conventional struc 
ture is 2.26. 
I0127. The magnetic memory device structure according to 
the present invention has a characteristic of the high Q-factor. 
Thus, the dispersion of the current required to change the 
magnetization state is Small in the new structure. This is an 
excellent characteristic for commercialization. 

Experimental Example 5 

Measurement of a Switching Current of a Device 
According to a Conventional Structure and a 

Switching Current and a Distribution According to 
the Saturation Magnetization Value of the Second 

Free Magnetic Layer 305 of the Device According to 
the Present Invention 

0128 (1) There are illustrated a Switching current and a 
distribution of the conventional structure of FIG. 1. 
I0129 (2) There is illustrated variation of a switching cur 
rent and a distribution according to the Saturation magnetiza 
tion value Ms of the second free magnetic layer 305 of the 
device having the new structure according to the present 
invention. 
0.130 Structures and physical property values of the 
devices are as follows. 
0.131. A sectional area of an entire structure of each of the 
two structures is 314 nm. 
0.132. The conventional structure of FIG. 1 has fixed mag 
netic layer 101/non-magnetic layer 102/free magnetic layer 
103 (thickness (t)=3 nm, perpendicular anisotropy constant 
(K)=7x10 J/m, saturation magnetization value (Ms) 
=1100 kA/m, Gilbert damping constant (C.)=0.01, and spin 
polarization efficiency constant (m)=1.0). In other words, the 
conventional structure of FIG. 1 has the same structure and 
the same physical property values as considered in the experi 
mental example 1. 
I0133. The new structure according to the present invention 
of FIG.3 has first fixed magnetic layer 301/first non-magnetic 
material 302 (thickness (t)=1 nm)/first free magnetic layer 
303 (thickness (t)=3 nm, perpendicular anisotropy constant 
(K)=7x10 J/m, saturation magnetization value (Ms) 
=1100 kA/m, Gilbert damping constant (C.)=0.01, and spin 
polarization efficiency constant (m)=1.0)/second non-mag 
netic layer 304 (thickness (t)=1 nm)/second free magnetic 
layer 305 (thickness (t)=1 nm, perpendicular anisotropy con 
stant (K)=0 J/m, saturation magnetization value (Ms)=0- 
1500 kA/m, Gilbert damping constant (C)=0.01, spin polar 
ization efficiency constant by first free magnetic layer (m) 
=1.0, spin polarization efficiency constant by second fixed 
magnetic layer (m)=0)/third non-magnetic layer 306 (thick 
ness (t)=1 nm)/second fixed magnetic layer 307 (thickness 
(t)=3 nm, saturation magnetization value (Ms)=1100 kA/m). 
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0134 (4) In the present experimental example, a tempera 
ture of the device is 300 k, and the experiment was repeated 
100 times with respect to each applied current to measure a 
probability of the magnetization direction of the free layer 
(first free layer) switched from an initial direction to an oppo 
site direction. 
0135 (5) Two switching cases occur depending on relative 
directions of a fixed magnetic layer and a free magnetic layer 
in a magnetic memory device. 
0136. In a “P-to-AP case, relative directions of the free 
magnetic layer (the first free magnetic layer) and the fixed 
magnetic layer (the first fixed magnetic layer) are parallel to 
each other before a current is applied, and the magnetization 
Switching of the free magnetic layer (the first free magnetic 
layer) occurs by an applied current such that the magnetiza 
tion directions of the free and fixed magnetic layers (the first 
free and fixed magnetic layers) are arranged to be anti-parallel 
to each other. 
0.137 In an “AP-to-P” case, relative directions of the free 
magnetic layer (the first free magnetic layer) and the fixed 
magnetic layer (the first fixed magnetic layer) are anti-paral 
lel to each other before a current is applied, and the magne 
tization switching of the free magnetic layer (the first free 
magnetic layer) occurs by an applied current Such that the 
magnetization directions of the free and fixed magnetic layers 
(the first free and fixed magnetic layers) are arranged to be 
parallel to each other. 
0.138. The following FIG. 8A is a graph showing a switch 
ing current and a distribution of the magnetic memory device 
having the conventional structure (FIG. 1) and a Switching 
current according to a saturation magnetization value of the 
second free magnetic layer 305 in the magnetic memory 
device having the new structure (FIG. 3). 
0139 Referring to the following FIG. 8A, a switching 
current is varied depending on the Saturation magnetization 
value (Ms) of the second free magnetic layer 305 having the 
horizontal anisotropy. According to the present experimental 
example, the Switching current of the magnetic memory 
device of the new structure (FIG. 3) according to the present 
invention is always lower than a value of the conventional 
structure (FIG. 1) shown by a black full line regardless of the 
saturation magnetization value of the second free magnetic 
layer 305. In particular, it is confirmed that the reduction 
effect of the Switching current is the greatest when the Ms is 
in a range of 300-500 kA/m. 
0140. Also, the following FIG. 8B is a graph showing a 
distribution of a Switching current of the magnetic memory 
device having the conventional structure (FIG. 1) and a dis 
tribution of a Switching current according to a Saturation 
magnetization value of the second free magnetic layer 305 of 
the magnetic memory device having the structure (FIG. 3) 
according to the present invention. 
0141 Referring to the following FIG.8B, a tendency simi 
lar to the switching current value illustrated above is shown. 
It is confirmed that the magnetic memory device applied with 
the new structure according to the present invention has a 
switching current distribution lower than that of the conven 
tional structure. In particular, the Switching current distribu 
tion is reduced by about 50% when the Ms is 300 kA/m or 
O. 

INDUSTRIAL APPLICABILITY 

0142. As described above, the magnetic memory device 
having the new structure according to the present invention 
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effectively reduces the switching current and the distribution 
by the second free magnetic layer 305 having the horizontal 
magnetization and the Saturation magnetization value equal 
to or greater than a certain value, as compared with the con 
ventional structure. 

1. A magnetic memory device comprising: 
a first fixed magnetic layer; 
a first free magnetic layer; and 
a second free magnetic layer, 
wherein the first fixed magnetic layer is a thin layer formed 

of a material that has a fixed magnetization direction and 
that is magnetized in a perpendicular direction to a plane 
of the layer, 

wherein the first free magnetic layer is a thin layer formed 
of a material that has a magnetization direction changed 
by a current applied from the outside and that is magne 
tized in a perpendicular direction to a plane of the layer, 

wherein the second free magnetic layer is a thin layer 
formed of a material that has a magnetization direction 
changed by a current applied from the outside and that is 
magnetized in a horizontal direction to a plane of the 
layer, and 

wherein a first non-magnetic layer and a second non-mag 
netic layer are disposed between the first fixed magnetic 
layer and the first free magnetic layer and between the 
first free magnetic layer and the second free magnetic 
layer, respectively. 

2. The magnetic memory device of claim 1, further com 
prising: 

a second fixed magnetic layer; and 
a third non-magnetic layer between the second free mag 

netic layer and the second fixed magnetic layer, and 
wherein the second fixed magnetic layer is a thin layer 

formed of a material that has a fixed magnetization 
direction opposite to the first fixed magnetic layer and 
that is magnetized in a perpendicular direction to a plane 
of the layer. 

3. The magnetic memory device of claim 1, wherein a 
saturation magnetization value of the material magnetized in 
the horizontal direction is in a range of 300-2000 kA/m. 

4. The magnetic memory device of claim 1 or 2, wherein 
the first fixed magnetic layer and the second fixed magnetic 
layer are each independently formed of a material selected 
from a group consisting of Fe, Co, Ni, B, Si, Zr, Pt, Pd, and a 
mixture thereof. 

5. The magnetic memory device of claim 4, wherein the 
first fixed magnetic layer and the second fixed magnetic layer 
are a multi-thin layer consisting of n stacked double layer 
(nal), respectively, 

wherein the double layer consists of an X layer and a Y 
layer, and 

wherein theX layer and the Y layer are each independently 
formed of a material selected from a group consisting of 
Fe, Co, Ni, B, Si, Tb, Zr, Pt, Pd, and a mixture thereof. 

6. The magnetic memory device of claim 1 or 2, wherein at 
least one of the first fixed magnetic layer and the second fixed 
magnetic layer has an anti-magnetic structure consisting of a 
first magnetic layer, a non-magnetic layer and a second mag 
netic layer, and 

wherein the first magnetic layer and the second magnetic 
layer are each independently formed of a material 
selected from a group consisting of Fe, Co, Ni, B, Si, Zr, 
Pt, Pd, and a mixture thereof. 
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7. The magnetic memory device of claim 6, wherein at least 
one of the first magnetic layer and the second magnetic layer 
is a multi-thin layer consisting of n stacked double layer 
(nel), 

wherein the double layer consists of an X layer and a Y 
layer, and 

wherein the X layer and the Y layer are each independently 
formed of a material selected from a group consisting of 
Fe, Co, Ni, B, Si, Zr, Pt, Pd, and a mixture thereof. 

8. The magnetic memory device of claim 1 or 2, wherein at 
least one of the first fixed magnetic layer and the second fixed 
magnetic layer has an exchange biased anti-magnetic struc 
ture consisting of an antiferromagnetic layer, a first magnetic 
layer, a non-magnetic layer and a second magnetic layer, 

wherein the antiferromagnetic layer is formed of a material 
Selected from a group consisting of Ir, Pt, Mn, and a 
mixture thereof, and 

wherein the first magnetic layer and the second magnetic 
layer are each independently formed of a material 
selected from a group consisting of Fe, Co, Ni, B, Si, Zr, 
Pt, Pd, and a mixture thereof. 

9. The magnetic memory device of claim8, wherein at least 
one of the first magnetic layer and the second magnetic layer 
is a multi-thin layer consisting of n stacked double layer 
(nel), 

wherein the double layer consists of an X layer and a Y 
layer, and 

wherein the X layer and the Y layer are each independently 
formed of a material selected from a group consisting of 
Fe, Co, Ni, B, Si, Zr, Pt, Pd, and a mixture thereof. 

10. The magnetic memory device of claim 1 or 2, wherein 
the first fixed magnetic layer and the second fixed magnetic 
layer are formed of different materials from each other and 
have different multi-thin layer structures from each other. 

11. The magnetic memory device of claim 1, wherein the 
first free magnetic layer is formed of a material selected from 
a group consisting of Fe, Co, Ni, B, Si, Zr, Pt, Pd, and a 
mixture thereof. 
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12. The magnetic memory device of claim 1, wherein the 
first free magnetic layer is a multi-thin layer consisting of a 
layer formed of a material selected from a group consisting of 
Fe, Co, Ni, B, Si, Zr, Pt, Pd, and a mixture thereof; and a layer 
consisting of n stacked double layer (nel), 

wherein the double layer consists of an X layer and a Y 
layer, and 

wherein theX layer and the Y layer are each independently 
formed of a material selected from a group consisting of 
Fe, Co, Ni, B, Si, Zr, Pt, and Pd. 

13. The magnetic memory device of claim 1, wherein the 
second free magnetic layer is formed of a material selected 
from a group consisting of Fe, Co, Ni, B, Si, Zr, and a mixture 
thereof. 

14. The magnetic memory device of claim 1 or 2, wherein 
the first non-magnetic layer, the second non-magnetic layer 
and the third non-magnetic layer are formed of different 
materials from each other, and 

wherein the first non-magnetic layer, the second non-mag 
netic layer and the third non-magnetic layer are each 
independently formed of a material selected from a 
group consisting of Ru, Cu, Al, Ta, Au, Ag, AlO, MgO, 
TaO, ZrO, and a mixture thereof. 

15. The magnetic memory device of claim 1 or 2, wherein 
electrical conductivities of the first non-magnetic layer, the 
second non-magnetic layer and the third non-magnetic layer 
are higher than those of the first fixed magnetic layer, the first 
free magnetic layer, the second free magnetic layer and the 
second fixed magnetic layer. 

16. The magnetic memory device of claim 1 or 2, wherein 
electrical conductivities of the first non-magnetic layer, the 
second non-magnetic layer and the third non-magnetic layer 
are lower than those of the first fixed magnetic layer, the first 
free magnetic layer, the second free magnetic layer and the 
second fixed magnetic layer. 

17. The magnetic memory device of claim 1, further com 
prising: an upper electrode and a lower electrode Supplying a 
current to a device. 


