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MAGNETIC TUNNEL JUNCTION DEVICE AND METHOD OF

MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a magnetic tunnel junction device and a
method of manufacturing the same, particularly to a magnetic tunnel junction device
with a high magnetoresistance and a method of manufacturing the same.

Description of Related Art

Magnetoresistive random access memories (MRAMSs) refer to a large-scale
integrated memory circuit that is expected to replace the currently widely used DRAM
memories. Research and development of MRAM devices, which are fast and
non-volatile memory devices, are being extensively carried out, and sample products
of a 4Mbit MRAM have actually been delivered.

Fig. 8 shows the structure and operation principle of a magnetic tunnel
junction device (to be hereafter referred to as a “MTJ device™), which is the most
important part of the MRAM. As shown in Fig. 8(A), é MTJ device comprises a
tunnelling junction structure in which a tunnel barrier (to be hereafter also referred to
as a “barrier layer”) made of an oxide is sandwiched between a first and a second
electrode made of a ferromagnetic metal. The tunnel barrier layer. comprises an
amorphous Al-O layer (see Non-Patent Document 1). As shown in Fig. 8(A), in the
case of parallel magnetization alignment where the directions of magnetizations of the
first and second ferromagnetic electrodes are aligned parallel, the electric resistance of
the device with respect to the direction normal to the interfaces of the tunneling

Jjunction structure decreases. On the other hand, in the case of antiparallel
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magnetization alignment where the directions of magnetizations of the first and
second ferromagnetic electrodes are aligned antiparallel as shown in Fig. 8(B), the
electric resistance with respect to the direction normal to the interfaces of the
tunneling junction structure increases. The resistance value does not change in a
general state, so that information “1” or “0” can be stored depending on whether the
resistance value is high or not. Since the parallel and antiparallel magnetization
alignments can be stored in a non-volatile fashion, the device can be used as a
non-volatile memory device.

Fig. 9 shows an example of the basic structure of the MRAM. Fig. 9(A)
shows a perspective view of the MRAM, and Fig. 9(B) schematically shows a circuit
block diagram. Fig. 9(C) is a cross-section of an example of the structure of the
MRAM. Referring to Fig. 9(A), in an MRAM, a word line WL and a bit line BL are
disposed in an intersecting manner, with an MRAM cell disposed at each intersection.
As shown in Fig. 9(B), the MRAM cell disposed at the intersection of a word line and
a bit line comprises a MTJ device and a MOSFET directly connected to the MTJ
device. Stored information can be read by reading the resistance value of the MTJ
device that functions as a load resistance, using the MOSFET. The stored
information can t;e rewritten by applying a magnetic field to the MTJ device, for
example. As shown in Fig. 9(C), an MRAM memory cell comprises a MOSFET 100
including a source region 105 and a drain region 103 both formed inside a p-type Si
substrate ldl, and a gate electrode 111 formed on a channel region that is defined
between the source and drain regions. - The MRAM also comprises a MTJ device 117.
The source region 105 is grounded, and the drain is connected to a bit line BL via the
MTJ device. A word line WL is connected to the gate electrode 111 in a region that

is not shown.
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Thus, a single non-volatile MRAM memory cell can be formed by a single
MOSFET 100 and a single MTJ device 117. The MRAMSs are therefore suitable

where high levels of integration are required.
Non-Patent Document 1: D. Wang, et al.: Science 294 (2001) 1488.

SUMMARY OF THE INVENTION

Although there are prospects for achieving MRAMSs with capacities on the
order of 64Mbits based on the current technologies, the characteristics of the MTJ
device, which is the heart of MRAM, needs to be improved if higher levels of
integration are to be achieved. In particular, in order to increase the output voltage
of the MTJ device, the magnetoresistance must be increased and the bias voltage
characteristics must be improved. Fig. 10 illustrates how the magnetoresistance in a
conventional MTJ device using an amorphous Al-O as the tunnel barrier changes as a
function of the bias voltage (LL1). As shown, in the conventional MTJ device, the
magnetoresistance is small and, notably, it tends to drastically decrease upon
application of bias voltage. With such characteristics, the output voltage when
operation margins are taken into consideration is too small for the device to be
employed for an actual memory device. Specifically, the magnetoresistance of the
current MTJ device is small at approximately 70%, and the output voltage is also
small at no more than 200 mV, which is substantially half the output voltage of a
DRAM. This has resulted in the problem that as the level of integration increases,
signals are increasingly lost in noise and cannot be read.

It is an object of the invention to increase the output voltage of a MTJ device.

It is another object of the invention to provide a memory device with a high
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magnetoresistance for stable operation.

In one aspect, the invention provides a magnetoresistive device comprising a
magnetic tunnel junction structure comprising: a tunnel barrier layer; a first
ferromagnetic material layer of the BCC structure formed on a first side of the tunnel
barrier layer; and a second ferromagnetic material layer of the BCC structure formed
on a second side of the tunnel barrier layer, wherein the tunnel barrier layer is formed
by a single-crystal MgOx (001) layer or a poly-crystalline MgOy (0 < x < 1) layer in
which the (001) crystal plane is preferentially oriented.

The invention further provides a magnetoresistive device comprising a
magnetic tunnel junction structure comprising: a tunnel barrier layer comprising
MgO(001); a first ferromagnetic material layer comprising Fe(001) formed on a first
side of the tunnel barrier layer; and a second ferromagnetic material layer comprising
Fe(001) formed on a second sidé of the tunnel barrier layer, wherein the MgO layer is
formed by a single-crystalline MgOx (001) layer or a poly-crystalline MgOx (0 <x <
1) layer in which the (001) crystal plane is preferentially oriented. In a preferred
embodiment, the band discontinuity value (the height of the tunnel barrier) between
the bottom of the conduction band of the MgO(001) layer and the Fermi energy of the
Fe(001) layer is smaller than an ideal value of a perfect single-crystal without defect.
These features increase the magnetoresistance and thereby allow the output voltage of
the MTJ device to be increased. By using any of the aforementioned MTJ deyices as
a load for a single transistor, a non-volatile memory can be formed.

In another aspect, the invention provides a method of manufacturing a
magnetoresistive device comprising: preparing a substrate; depositing a first Fe(001)
layér on the substrate; depositing a tunnel barrier layer on the first Fe(001) layer by

electron beam evaporation under high vacuum, the tunnel barrier layer comprising a
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single-crystalline MgOy (001) or a poly-crystalline MgOx (0 < x < 1) in which the
(001) crystal plane is preferentially oriented; and forming a second Fe(001) layer on
the tunnel barrier layer.

The invention furthermore provides a method of manufacturing a MTJ device
comprising a first step of preparing a substrate comprising a single-crystalline
MgO,(001) or a poly-crystalline MgO4 (0 <x < 1) in which the (001) crystal plane is
preferentially oriented, a second step of depositing a first Fe(001) layer on the
substrate and performing an annealing process to make the surface flat, a third step of
depositing a tunnel barrier layer on the first Fe(001) layer by electron beam
evaporation, the tunnel barrier layer comprising a single-crystalline MgO4(001) or a
poly-crystalline MgOy (0 < x < 1) in which the (001) crystal plane is preferentially
oriented, and a fourth step of forming a second Fe(001) layer on the tunnel barrier
layer. The method may further comprise the step of growing a seed layer between
the first and the second steps, the seed layer comprising a single-crystalline
MgO,(001) or a poly-crystalline MgOy (0 < x < 1) in which the (001) crystal plane is
preferentially oriented. The MgO layer may be deposited using a target with the
value of x in MgOy adjusted. The value of x in MgOy may be adjusted in the step of
forming the MgO.

In yet another aspect, the invention provides a magnetoresistive device
comprising a magnetic tunnel junction structure comprising a tunnel barrier layer
comprising MgO(001), a first ferromagnetic material layer comprising an amorphous
magnetic alloy formed on a first sideof the tunnel barrier layer, and a second
ferromagneti; material layer comprising an amorphous magnetic alloy formed on a
second side of the tunnel barrier layer, wherein the discontinuous value (the height of

the tunnel barrier) between the bottom of the conduction band of the MgO(001) layer
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and the Fermi energy of the first or the second ferromagnetic material layer
comprising the amorphous magnetic alloy is lower than an ideal value of a perfect

single-crystal with no defect.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1(B) shows the structure of a MTJ device according to a first
embodiment of the invention, and Fig. 1(A) shows the energy band structure of a
ferromagnetic metal Fe(001), illustrating the E-Eg relationship with respect to the
{001] direction of the momentum space.

Fig. 2(A) to Fig. 2(D) schematically show the process of manufacturing a
MTJ device with a Fe(OOl)/MgO(OOl)/Fe(OOl) structure (to be hereafter referred to as
a “Fe(001)/MgO(001)/Fe(001) MTIJ device”) according to an embodiment of the
invention.

Fig. 3(A) shows a RHEED image of a Fe(001) lower electrode (a first
electrode), and Fig. 3(B) shows a RHEED image of a MgO(001) barrier layer.

Fig. 4 shows the results of observing the quadrupole mass spectra in the
deposition chamber during the MgO evaporation.

‘Fig. 5 shows the film deposition rate dependency of the oxygen partial
pressure during the MgO evaporati(;n.

Fig. 6 shows typical  magnetoresistance curves of  the
Fe(001)/MgO(001)/Fe(001) MTJ device.

Fig. 7(A) shows the bias voltage dependency of the MR ratio at room
temperature, and Fig. 7(B) shows the output voltage V. of the MTJ device (=bias
voltage x (Rap-Rp)/Rap).

Fig. 8 shows the structure of the MTJ device and its operating principle.

WD EX1002

Western Digital v IP Bridge

Page 9



Fig. 9 shows an example of the basic structure of an MRAM, Fig. 9(A)
showing a perspective view of the MRAM, Fig. 9(B) showing a schematic circuit
diagram, and Fig. 9(C) showing a cross-sectional view of an example of its structure.

Fig. 10 shows how the magnetoresistance of a conventional MTJ device using
an amorphous Al-O as the tunnel barrier changes depending on the bias voltage.

Fig. 11 shows the structure of a MTJ device according to a variation of the

invention, corresponding to Fig. 1(B).

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the context of the present specification, because MgQO has a cubic crystal
structure (NaCl structure), the (001) plane, the (100) plane, and the (010) plane are all
equivalent. " The direction perpendicular to the film surface is herein considered to be
the z-axis so that the film plane can be uniformly -described as (001). Also in the
context of the present specification, BCC structure, which the crystalline structure of
ferromagnetic electrode layer, means body-centered cubic lattice structure. More
specifically, BCC structure includes the BCC structure with no chemical ordering
so-called A2-type structure, the BCC structure with chemical ordering such as B2-type
structre and L2;-type structure, and also the aforementioned structures with slight
lattice distortion. |

The term “ideal value;’ with regard to a perfect single-crystal without defect
herein refers to a value that has been estimated from ultraviolet photoemission
spectroscopy experiments (see W. Wulfhekel, et al.: Appl. Phys. Lett. 78 (2001) 509.).
The term “ideal value” is used herein because the aforementioned state can be
considered to be an upper limit value of the potential barrier height of the tunnel

barrier of an ideal single-crystal MgO with hardly any oxygen vacancy defect or
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lattice defect.

Before describing the preferred embodiments of the invention, an analysis
conducted by the inventors is discussed. The magnetoresistance (MR) ratio of a MT]J
device can be expressed by the following equation:

AR/Rp = (Rap — Rp)/Rp
where Rp and Rap indicate the tunnel junction resistance in the cases of parallel and
antiparallel magnetization alignments, respectively, of two electrodes. According to
the Jullire’s formula, the MR ratio at low bias voltage can be expressed by:

MR ratio = (Rap — Rp)/Rp = 2P, P»/(1-P,P,), and

Pa = (Da T (Ef) - Da { (E'F))/(Da T (Ep) + Da 4 (Ep),
where o0 = Al, 2 » €8]

In the above equations, Pa is the spin polarization of an electrode, and Da T
(Er) and Da ¥ (Ef) ére the density of state (DOS) at the Fermi energy (Er) of the
majority-spin band and the minority-spin band, respectively.. Since the spin
polarization of ferromagnetic transition metals and alloys is approximately. 0.5 or
smaller, the Jullire’s formula predicts a highest estimated MR ratio of about 70%.

Although the MR ratio of approximately 70% has been obtained at room
temperature when a MTJ device was made using an amorphous Al-O tunnel barrier
and polycrystalline electrodes, it has been difficult to obtain the output voltage of 200
mV, which is comparable to the output voltages of DRAMS, thereby preventing the
realization of MRAM as mentioned above.

The inventors tried an approach to deposit a MTJ device in which the tunnel
barrier comprises a single-crystal (001) of magnesium " oxide (MgQO) or a
poly-crystalline MgO in which the (001) crystal plane is preferentially oriented. It is

the inventors’ theory that, because magnesium oxide is a crystal (where the atoms are
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arranged in an orderly fashion), as opposed to the conventional amorphous Al-O
barrier, the electrons are not scattered and the coherent states of electrons are
concerved during the tunneling process. Fig. 1(B) shows the MTJ device structure
according to an embodiment of the invention. Fig. 1(A) shows the energy band
structure of the ferromagnetic Fe(001), that is, the E-Er relationship with respect to
the [001] direction of the momentum space. As shown in Fig. 1(B), the MTJ device
structure of the present embodiment comprises a first Fe (001) layer 1, a second Fe
(001) layer 5, and a single-crystalline MgO, (001) layer 3 or a poly-crystalline MgOx
(0 < x < 1) layer 3 sandwiched therebetween, the polycrystalline layer having the
(001) crystal plane preferentially oriented therein. According to the aforementioned
Jullire’s model, assuming that the momentum of the conduction electrons is preserved
in the tunneling process, the tunneling current that passes through MgO would be
dominated by those electrons with wave vector k, in the direction perpendicular to the
tunnel barrier (normal to the junction interfaces). In accordance with the energy
band diagram shown in Fig. 1(A) of Fe in the [001] (I'-H) direction, the density of
state (DOS) at the Fermi energy Er does not exhibit a very high spin polarization due
to the fact that the sub-bands of the majority-spin and the minority-spin have states at
the Fermi energy Er. However, in case the coherent states of electrons are conserved
in the tunneling process, only those conduction elect-rons that have totally symmetrical
wave functions with respect to the axis perpendicular to the barrier would be coupled
with the states in the barrier region and come to have a finite tunneling probability.
The Al band in the Fe(001) electrode has such totally symmetric wave functions. As
shown in Fig. 1(A), the majority spin Al band (solid line) has states at the Fermi
energy Er, whereas the minority spin Al band (broken line) does not have state at the

Fermi energy Er. Because of such half-metallic characteristics of the Fe A; band,
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there is the possibility that a very high MR ratio can be obtained in a coherent spin
polarized tunneling. Since in an epitaxial (single-crystal, or (001) oriented
poly-crystal) MTJ device the scattering of electrons is suppressed during the tunneling
process, an epitaxial MTJ device is thought to be ideal for realizing the
aforementioned coherent tunneling.

In the following, a MTJ device according to a first embodiment of the
invention and a method of manufacturing the same will be described with reference to
the drawings. Figs. 2(A) to 2(D) schematically show the method of manufacturing
the MTJ device having the Fe (001)/MgO(001)/Fe(001) structure according to the
embodiment (to be hereafter referred to as a “Fe(001)/MgO(001)/Fe(001) MTJ
device”). Fe(001) refers to a ferromagnetic material with the BCC structure. First,
a single-crystal MgO(001) substrate 11 was prepared. In order to improve the
morphology of the surface of the single-crystal MgO(001) substrate 11, a MgO(001)
" seed layer 15 was grown by the molecular beam epitaxy (MBE) method. This was
subsequently followed by the growth of an epitaxial Fe(001) lower electrode (first
electrode) 17 with the thickness of 50 nm on the MgO(001) seed layer 15 at room

temperature, as shown in Fig. 1(B), and then annealing was performed at 350°C under

ultrahigh vacuum (2 x 10® Pa). Electron-beam evaporation conditions included an

acceleration voltage of 8 kV, a growth rate of 0.02 nm/sec, and the growth temperature
of room temperature (about 293K). The source material of the electron-beam
evaporation was MgO of the stoichiometric composition (the ratio of Mg to O being

1:1), the distance between the source and the substrate was 40 cm, the base vacuum

pressure was 1 x 10 Pa, and the O, partial pressure was 1 x 108 Pa. Alternatively, a .

source with oxygen vacancy defects may be used instead of the MgO of the

stoichiometric composition (the ratio of Mg to O is 1:1).

10
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Fig. 3(A) shows a RHEED image of the Fe(001) lower electrode (a first
electrode). The image shows that the Fe(001) lower electrode (first electrode) 17
possesses a good crystallinity and flatness. Thereafter, a MgO(001) barrier layer 21
with the thickness of 2 nm was epitaxially grown on the Fe(001) lower electrode (first
eleétrode) at room temperature, also using the MgO electron-beam evaporation
method. Fig. 3(B) shows a RHEED image of the MgO(001) barrier layer 21. The
image shows that the MgO(001) barrier layer 21 also possesses a good crystallinity
and flatness.

As shown in Fig. 2(D), a Fe(001) upper electrode (a second electrode) 23 with
the thickness of 10 nm was formed on the MgO(001) barrier layer 21 at room
temperature. This was successively followed by the deposition of a Co layer 25 with
the thickness of 10 nm on the Fe(001) upper electrode (second electrode) 23. The Co
layer 25 is provided to increase the coercive force of the upper electrode 23 so as to
realize the antiparallel magnetization alignment. The thus prepared sample was then
processed by microfabrication techniques to obtain the Fe(001)/MgO(001)/Fe(001)
MTJ device.

The aforementioned MgO evaporation using an electron beam involved the
formation of a film under ultrahigh vacuum of 10® Torr. It can be seen that in this
method, the film, even when formed on a glass substrate to the thickness of 300 nm,
was colorless and transparent, showing that a good crystal film was formed. Fig. 4
shows the results of observing the quadrupole mass spectra in the deposition chamber
during the MgO growth. The results show that the partiai pressures regarding the
spectrum Pl of O and the spectrum P2 of O, are high. Fig. 5 shows the film
deposition rate dependency of the oxygen partial pressure during MgQO evaporation.

It will be seen from the figure that the oxygen partial pressure itself is high, and that

11
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tile oxygen partial pressure increases as the deposition rate increases. These results
indicate the separation of oxygen from MgO during the deposition of MgO. Since
the separated oxygen is pumped out of the deposition chamber using vacuum pumps,
there is the possibility that there are oxygen vacancy defects such as MgO, (0.9 <x <
1). When there are oxygen vacancy defects, the potential barrier height of the MgO
tunnel barrier is thought to decrease (such as in the range of 0.10 to 0.85 eV; more
specifically, 0.2 to 0.5 eV), which is thought to result in an increase in the funneling
current. In the case of a typical Al-O tunnel barrier, the height of the tunnel barrier
with respect to Fe(001) electrodes is considered to be 0.7 to 2.5 eV. An ideal tunnel
barrier height of a MgO crystal is 3.6 eV, and experimental values of 0.9 to 3.7 eV
have been obtained. Using thé method according to the present embodiment of the
invention, a tunnel barrier height of approximately 0.3 eV is expected, indicating that
the resistance of the tunnel barrier can be lowered. However, it should be noted that
other factors, such as the influence of the aforementioned coherent tunneling, might
also be involved. The value of x in MgOy due to oxygen vacanéy defects is such that
0.98 < x < 1, and more preferably 0.99 < x < 1. These are the ranges such that the
sole presence of Mg is excluded and the charactéristics of MgO can be basically
maintained. ‘

The aforementioned tunnel barrier height ¢ was determined by fitting the
electric conductance characteristics of the MTJ device (the relationship between
tunnel current density J and bias voltage V) onto-the Simmons’ formula (Equation (20)
in a non-patent document by J. G. Simmons: J. Appl. Phys. 34, pp. 1793-1803 (1963))
based on the WKB approximation, using the least squares method. The fitting was
performed using the frée electron mass (m = 9.11 x 107! kg) as the electron’s effective

mass. When a bias voltage V (which is normalily on the order of 500 mV to 1000
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mV) is applied until non-linearity appears in the J-V characteristics, the height ¢ of
the tunnel barrier and the effective thickness As of the tunnel barrier can be
simultaneously determined by fitting the J-V characteristics using the Simmons’
formula.

The effective thickness As of the tunnel barrier was determined to be smaller
than the thickness of the actual MgO(001) tunnel barrier layer (tmgo) determined from
a cross-sectional transmission electron microscope image of the MTJ: device by
approximately 0.5 nm. This is the result of the effective thickness As of the tunnel
barrier having been reduced from the actual MgO(001) layer thickness by the effect of
the image potential produced at the interface between the MgO(001) layer and the
alloy layer consisting mainly of Fe and Co. 7

It is noted that, in the event that tymgo can be accurately determined using the
cross-sectional transmission electron microscope (TEM) image, the height ¢ of the
tunnel barrier can be more simply determined by the following technique. Namely,
when the bias voltage V applied to the MTJ device is small (normally 100 mV or
smaller), the tunnel current density J is proportional to the bias voltage V, such that
the J-V characteristics become linear. In such a low-bias voltage region, the
Simmons’ formula can be described as follows: ’

J = [(2m¢)""?*/As](e/h)? x exp[—(4nAs/h) x 2me)'?] x V )
where m is the mass of the free electron (9.11 x 107! kg), e is the elementary electric
charge (1.60 x IO'IQC), and h is the Planck’s constant (6.63 x 10734 J.s). The effective
thickness of the tunnel barrier As is approximately tmMgo — 0.5 nm. By fitting the J-V
characteristics of the MTJ device in the low-bias voltage region onto Equation (2), the
height ¢ of the.tunnel barrier can be simply and yet accurately estimated.

Fig. 6 shows a typical magnetoresistance curve of the
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Fe(001)/MgO(001)/Fe(001) MTJ device produced by the above-described method.
The MR ratio is 146% at the measurement temperature of 20K and 88% at the
measurement temperature of 293K. These values represent the highest MR ratios
that have so far been obtained at room temperature. Such high MR ratios cannot be

explained by the spin polarization of the Fe(001) electrode and is thought rather to be

related. to a coherent spin-polarized tunneling. When 160 prototype MTJ devices ‘

were made, the variations regarding the MR ratio and tunneling resistance value were
not more than 20%. The yield of the MTJ devices was 90% or more at the laboratory
stage. These high v;lues suggest the effectiveness of the approach of the invention.
The resistance-area (RA) product of the MTJ device was on the order of a few kQum?,
which is suitable for MRAM.

Fig. 7(a) shows the bias voltage dependency of the MR ratio at room
temperature. It will be seen that the bias voltage dependency of the MR ratio is
fairly small. Although the characteristics are asymmetric, the voltage Vpur at which
the MR ratio is reduced in half of the zero-bias value is 1250 mV, which is a very high
value. In this connection, it is noted that the voltage Vyar at which the MR ratio is
reduced in half of the zero-bias value in the conventional MTJs with Al-O tunnel
barrier is 300 to 600 mV. Fig. 7(b) shows the output voltage V,, of the MTJ device
(=bias voltage x (Rap — Rp)/Rap). The maximum value of the output voltage Vo, is
380 mV with a positive bias. This value is about twice as large as that (a little less
than 200 mV) in the case of the Al-O barrier. These high values in terms of both MR
ratio and output voltage suggest the effectiveness of the technique according to the
present embodiment.

Although in the above-described embodiment Fe(001) of BCC was employed,

an Fe alloy of BCC, such as an Fe-Co alloy, Fe-Ni alloy, or Fe-Pt alloy, may be used
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instead. Alternatively, a layer of Co or Ni with the thickness of one or several
monoatomic layers may be inserted between the electrode layer and the MgO(001)
layer.

Hereafter, a MTJ device according to a second embodiment of the invention
and a method of manufacturing the same will be described. In the method of
manufacturing a Fe(001)/MgO(001)/Fe(001) MTJ device according to the present
embodiment, MgO(001) is initially deposited in a poly-crystalline or amorphous state
by sputtering or the like, and then an annealing process is performed such that a
poly-crystal in which the (001) crystal plane is preferentially oriented or a
single-crystal is obtained. The sputtering conditions were such that, for example, the
temperature was room temperature (293K), a 2-inch ¢ MgO was used as a target, and
sputtering was conducted in an Ar atmosphere. The acceleration power was 200 W
and the growth rate was 0.008 nm/s. Because MgO that is deposited under these
conditions is in an amorphous state, a crystallized MgO was obtained by increasing
the temperature to 300°C from room temperature and maintaining that temperature for
a certain duration of time.

Oxygen vacancy defects rﬁay be introduced by a method whereby oxygen
vacancy defects is produced during growth, a method whereby oxygen vacancy
defects is introduced subsequently, or a method whereby a state with oxygen vacancy
defects is subjected to an oxygen plasma process or natural oxidation so as to achieve
a certain oxygen deficit level.

| As described above, in accordance with the MTJ device technology of the
present embodiment, an annealing process is carried out for crystallization after an
amorphous MgO has been deposited by sputtering, thereby eliminating the need for

large-sized equipment.
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Hereafter, a MTJ device according to a variation of the embodiments of the

invention will be described with reference to the drawings. Fig. 11 shows the

structure of the MTJ device according to the variation, which corresponds to Fig. 1(B).

As shown in Fig. 11, the MTJ device of the variation is characterized in that, as in the
MT]J device of the above-described embodiments, the electrodes disposed on either
side of a single-crystal MgO,(001) layer 503 or an oxygen-deficit poly-crystal MgOy
(0 < x < 1) in which the (001) crystal plane is preferentially oriented comprises an
amorphous ferromagnetic alloy, such as CoFeB layers 501 and 505. The amorphous
ferromagnetic alloy can be formed by evaporation or sputtering, for example. The
resultant characteristics are substantially identical to those of the first embodiment.

As the amorphous magnetic alloy, FeCoB, FeCoBSi, FeCoBP, FeZr, and CoZr
may be used, for example. Although an anneal process after the preparation of the
MT]J device might cause the amorphous magnetic alloy in the electrode layers to be
partially or entirely crystallized, this would not lead to a significant deterioration of
the MR ratio. Thus, such a crystallized amorphous magnetic alloy may be used in
the electrode layers.

While the MTJ device according to various embodiments of the invention has
been described, it should be apparent to those skilled in the art that the invention is not
limited to those specific embodiments and various other modifications, improvements
and combinations are possible. For example, the height of the tunnel barrier may be
adjusted by doping Ca or Sr, instead of introducing an oxygen vacancy defects to the
MgO layer. Further, while the MgO layer has been described to be deposited by
electron-beam evaporation or sputtering, it should be obvious that other deposition
methods are also possible. The term “high vacuum” refers to values on the order of

no more than 10°® Pa in the case where oxygen is not introduced, for example. In the
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case where oxygen is introduced, the term refers to values on the order of 10™ Pa.

In accordance with the invention, a larger magnetoresistance than in the
conventional MTJ device can be obtained, and the output voltage of the MTJ device
can be increased. At the same time, the resistance value of the MTJ device can be
reduced so that it is optimized for MRAM. The invention thus enables the level of
integration of MRAM using the MTJ device to be readily increased. In accordance
with the invention, the output voltage value of the MRAM roughly doubles over prior
art, making the MTJ device of the invention suitable for very large scale integrated

MRAMs of gigabit class.
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What is claimed is:
1. A magﬁetoresistive device comprising a magnetic tunnel junction structure
comprising:

a tunnel barrier layer;

a first ferromagnetic material layer of the BCC structure formed on a first side
of said tunnel barrier layer; and

a second ferromagnetic material layer of the BCC structure formed on a
second side of said tunnel barrier layer, wherein

said tunnel barrier layer is formed by a single-crystalline MgOy (001) layer or
a poly-crystalline MgOx (0 < x < 1) layer in which the (001) crystal plane is

preferentially oriented.

2. A magnétoresistive device comprising a magnetic tunnel junction stfucture
comprising:

a tunnel barrier layer comprising MgO(001);

a first ferromagnetic material layer comprising Fe(001) formed on a first side
on said tunnel barrier layer; and

a second ferromagnetic material layer comprising Fe(001) formed on a second
side on said tunnel barrier layer, wherein

said MgO(001) layer is formed by a single-crystal MgOy (001) layer or a
poly-crystal MgOy (0 < x < 1) layer in which the (001) crystal plane is preferentially

oriented.

3. A magnetoresistive device comprising a magnetic tunnel junction structure

comprising:
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a tunnel barrier layer comprising MgO(001);

a first ferromagnetic material layer formed on a first side of said tunnel barrier
layer and comprising a single-crystalline (001) layer or a poly-crystalline layer of Fe
or an Fe alloy of the BCC structure, said polycrystalline layer having the (001) crystal
plane preferentially oriented therein;

a second ferromagnetic material layer formed on a second side of said tunnel

» barrier layer and comprising a single-crystalline (001) layer or a poly-crystalline layer
of Fe or an Fe alloy of the BCC structure, said polycrystalline layer having the (001)
crystal plane preferentially oriented therein, wherein

said tunnel barrier layer is formed by a single-crystalline MgOy (001) layer or
a poly-crystalline MgOx (0 < x < 1) layer in which the (001) crystal plane is
preferentially oriented, wherein

the discontinuous value. (the potential barrier height of the tunnel barrier)
between the bottom of the conduction band of said tunnel barrier layer and the Fermi
energy of at least one of said first and said second ferromagnetic layers is smaller than

an ideal value in the case where the MgO (001) layer is a perfect single-crystal.

4. A magnetoresistive device comprising a magnetic tunnel junction structure
comprising:

a tunnel barrier layer;

a first ferromagnetic material layer of the BCC structure formed on a first side
of said tunnel barrier layer;

a second ferromagnetic material layer of the BCC structure formed on a
second side of said tunnel barrier layer, wherein

said tunnel barrier layer is formed by a single-crystalline MgO (001) layer or
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a poly-crystalline MgO layer in which the (001) crystal plane is preferentially oriented,
wherein

the discontinuous value (the potential barrier height of the tunnel barrier)
between the bottom of the conduction band of said tunnel barrier layer and the Fermi
energy of at least one of said first and said second ferromagnetic l_ayers is smaller than

an ideal value in the case where the MgO (001) layer is a perfect single-crystal.

5. The magnetoresistive device according to claim 3 or 4, wherein said discontinuous

value is in the range of 0.2 to 0.5 eV.

6. The magnetoresistive device according to claim 3 or 4, wherein said discontinuous

value is in the range of 0.10 to 0.85 eV.

7. A memory device comprising:
a transistor; and
the magnetoresistive device according to any one of claims 1 to 6, wherein

said magnetoresistive device is used as a load for said transistor.

8. A method of manufacturing a magnetoresistive device comprising:

preparing a substrate;

depositing a first single-crystalline (001) layer or a first poly-crystalline layer
of Fe or an Fe alloy of the BCC structure, said poly-crystalline layer having the (001)
crystal plane preferentially oriented therein;

depositing a tunnel barrier layer on said first (001) layer of Fe or an Fe alloy

of the BCC structure under high vacuum, said tunnel barrier layer comprising a
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single-crystalline MgOy (001) or a poly-crystalline MgOx (0 < x < 1) in which the
(001) crystal plane is preferentially oriented; and

forming a second single-crystalline (001) layer or a second poly-crystalline
layer of Fe or an Fe alloy of the BCC structure on said tunnel barrier layer, said

polycrystalline layer having the (001) crystal plane preferentially oriented therein.

9. A method of manufacturing a magnetoresistive device comprising:

a first step of preparing a substrate comprising a single-crystalline MgOy
(001) or a poly-crystalline MgOx (0 < x < 1) in which the (001) crystal plane is
preferentially oriented;

a second step of depositing a first single-crystalline (001) layer or a first
poly-crystalline layer of Fe or an Fe alloy of the BCC structure, said polycrystalline
layer having the (001) crystal plane preferentially oriented therein, and then carrying
out an anneal process for crystallization;

a third step of depositing a tunnel barrier layer on said first (001) layer of Fe
or an Fe alloy of the BCC structure under high vacuum, said tunnel barrier layer
comprising a single-crystalline MgOy (001) or a poly-crystalline MgO, (0 <x < 1) in
which the (001) crystal plane is preferentially oriented; and

a fourth step of forming a seéond single-crystalline (001) layer or a second
poly-crystalline layer of Fe or an Fe alloy of the BCC étructure on said tunnel barrier
layer, said poly-crystalline layer having the (001) Erystal plan.e preferentially ériented

therein.

10. The method of manufacturing the magnetoresistive device according to claim 8 or

9, further comprising the step of causing a seed layer to be grown between said first
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and said second steps, said seed layer comprising a single-crystalline MgOy (001) or a
poly-crystalline MgOyx (0 < x < 1) in which the (001) crystal plane is preferentially

oriented.

11. The method of manufacturing the magnetoresistive device according to claim 8 or
9, wherein the step of forming said tunnel barrier layer comprising said
single-crystalline MgOy (001) or said polycrystailine MgOy (0 < x < 1) in which the
(001) crystal plane is preferentially oriented further comprises the step of adjusting

the value of x in MgOx.

12. A method of manufacturing a magnetoresistive device comprising:

preparing a substrate;

depositing a first single-crystalline (001) layer or a first poly-crystalline layer
of Fe or an Fe alloy of the BCC structure, said poly-crystalline layer having the (001)
crystal plane preferehtially oriented therein;

forming an amorphous MgO layer on said first (001) layer of Fe or an Fe alloy
of the BCC structure and then crystallizing said amorphous MgO layer by annealing
so as to form a tunnel barrier layer comprising the single-crystalline MgOy (001) or
the poly-crystalline MgOy (0 < x < 1) in which the (001) crystal plane is preferentially
oriented; and

forming a second single-crystalline (001) layer or a second poly-crystalline
layer of Fe or an Fe alloy of tl}e BCC structure on said tunnel barrier layer, said

poly-crystalline layer having the (001) crystal plane preferentially oriented therein.

13. The method of manufacturing the magnetoresistive device according to claim 12,
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wherein said amorphous MgO layer is deposited by sputtering, using a target with the

value of x in MgOQOy adjusted.

14. The method of manufacturing the magnetoresistive device according to claim 12,
wherein the step of forming said amorphous MgO comprises the step of adjusting the

value of x in MgOx.

15. A magnetoresistive device comprising a magnetic tunnel junction structure
comprising:

a tunnel barrier layer;

a first ferromagnetic material layer formed on a first side of sdid tunnel barrier
layer and comprising an amorphous magnetic alloy; and

a second ferromagnetic material layer formed on a second side of said tunnel
barrier layer and comprising an amorphous magnetic alloy, wherein

said tunnel barrier layer is formed by a single-crystalline MgOy (001) or a
poly-crystalline MgOyx (0 < x < 1) layer in which the (001) crystal plane is

preferentially oriented.

16. The magnetoresistive device according to claim 15, wherein the discontinuous
value (the potential barrier height of the tunnel barrier) between the bottom of the
conduction band of said tunnel barrier layer and the Fermi energy of at least one of
» said first and said second ferromagnetic layers is smaller than an ideal value in the

case where the MgO (001) layer is a perfect single-crystal.

17. A magnetoresistive device comprising a magnetic tunnel junction structure
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comprising:

a tunnel barrier layer;

a first ferromagnetic material layer formed on a first side of said tunnel barrier
layer and comprising an amorphous magnetic alloy; and |

a second ferromagnetic material layer formed on a second side of said tunnel
barrier layer and comprising an amorphous magnetic alloy, wherein

said tunnel barrier layer is formed by a single-crystalliné MgOx (001) or a
poly-crystalline MgOx (0 < x < 1) layer in which the (001) crystal plane is
preferentially oriented, and wherein

the discontinuous value (the potential barrier height of the tunnel barrier)
between the bottom of the conduction band of said tunnel barrier layer and the Fermi
energy of at least one of said first and said second ferromagnetic layers is smaller than

an ideal value in the case where the MgO (001) layer is a perfect single-crystal.

18. The magnetoresistive device according to claim 16 or 17, wherein said

discontinuous value is in the range of 0.2 to 0.5 eV.

i9. The magnetoresistivé device according to claim 16 or 17, wherein said

discontinuous value is in the range of 0.10 to 0.85 eV.

20. A memory device comprising:
a transistor; and
the magnetoresistive device according to any one of claims 15 to 19, wherein

said magnetoresistive device is used as a load for said transistor.
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21. A method of manufacturing a magnetoresistive device comprising:

preparing a substrate;

depositing a first ferromagnetic material layer comprising an amorphous
magnetic alloy on said substrate;

forming an amorphous MgO layer on said first ferromagnetic material layer
and then crystallizing said amorphous MgO layer by annealing so as to form a tunnel
barrier layer comprising a single-crystalline MgOy (001) or a poly-crystalline MgO, (0
< x < 1) in which the (001) crystal plane is preferentially oriented; and

depositing a second ferromagnetic material layer comprising an amorphous

magnetic alloy on said tunnel barrier layer.

22. The method of manufacturing the magnetoresistive device according to claim 21,
wherein the step of forming said tunnel barrier layer comprising said single-crystalline
MgOy (001) or said poly-crystalline MgOy (0 < x < 1) in which the (001) crystal plane
is preferentially oriented involves deposition by sputtering using a target with the

value of x in MgOy adjusted.
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Abstract of the Disclosure

The output voltage of an MRAM is increased by means of an
Fe(001)/MgO(001)/Fe(001) MTJ device, which is formed by microfabrication
of a sample prepared by the following steps. A single-crystalline MgO
(001) substrate 11 is prepared. ‘ An epitaxial Fe(001) lower electrode (a first
electrode) 17 with the thickness of 50 nm is grown on a MgO(001) seed layer
15 at room temperature, followed by annealing under ultrahigh vacuum (2 x
108 Pa) and at 350°C. A MgO(001) barrier layer 21 with the thickness of 2
nm is epitaxially formed on the Fe(001) lower electrode (the first electrode)
at room temperature, using a MgO electron-beam evaporation. A Fe(001)
upper electrode (a second electrode) with the thicknesé of 10 nm is then
formed on the MgO(001) barrier layer 21 at room temperature. This is
successively followed by the deposition of a Co layer 21 with the thickness of
10 nm on the Fe(001) upper electrode (the second electrode) 23. The Co
layer 21 is provided so as to increase the coercive force of the upper

electrode 23 in order to realize an antiparallel magnetization alignment.
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1 (We), the undersigned inventor(s), hereby declare that:
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I (We) believe that I am (we are) the original, first, and joint (sole) inventor(s) of the

subject matter which is claimed and for which a patent is sought on the invention entitled
MAGNETIC TUNNEL JUNCTION DEVICE AND METHOD OF

MANUFACTURING THE SAME

the specification of which
B is attached hereto.
0 was filed on as

Application Serial No.

and amended on » - /<
B was filed as PCT international application

Number _PCT/JP2005/004720

on__March 10, 2005

and was amended under PCT Article 19

on (if applicable).

I (We) hereby state that I (We) have reviewed and understand the contents of the
above-identified specification, including the claims, as amended by any amendment
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any printed publication in any country before my invention or discovery thereof, or more
than one year prior to this application, or in public use or on sale in the United States for
more than one year prior to this application; that this invention or discovery has not been
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I (We) acknowledge the duty to disclose information known to be material to the
patentability of this application as defined in Section 1.56 of Title 37 Code of Federal
Regulations.

I (We) hereby claim foreign priority benefits under Section 119(a)-(d) of Title 35 United
States Code, of any foreign application(s) for patent or inventor’s certificate listed below
and have also identified below any foreign application for patent or inventor’s certificate
having a filing date before that of the application on which priority is claimed:

Prionity
Application No. Country Filing date claimed
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I (We) hereby claim the benefit under Section 120 of Title 35 United States Code, of any
United States application(s) listed below and, insofar as the subject matter of each of the
claims of this application is not disclosed in the prior United States application in the
manner provided by the first paragraph of Section 112 of Title 35 United States Code, I
(We) acknowledge the duty to disclose material information as defined in Section 1.56(a)
of Title 37 Code of Federal Regulations, which occurred between the filing date of the
prior application and national or PCT international filing date of this application:
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In re U.S. Patent Application of
YUASA

Application Number: To Be Assigned
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Sir:
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merits, please amend the above-identified application as follows:
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IN THE CLAIMS:

Please amend claims 3-7, 10-11 and 16-20, and add new claims 23-29 as follows:

1. (Original) A magnetoresistive device comprising a magnetic tunnel junction structure

comprising:

a tunnel barrier layer;

a first ferromagnetic material layer of the BCC structure formed on a first side
of said tunnel barrier layer; and

a second ferromagnetic material layer of the BCC structure formed on a
second side of said tunnel barrier layer, wherein

said funnel barrier layer is formed by a single-crystalline MgOy (001) layer or
a poly-crystalline MgOx (0 < x < 1) layer in which the (001) crystal pléne is

preferentially oriented.

2. (Original) A magnetoresistive device comprising a magnetic tunnel junction structure

comprising:

a tunnel barrier layer comprising MgO(001);

a first ferromagnetic material layer comprising Fe(001) formed on a first side
on said tunnel barrier layer; and

a second ferromagnetic material layer comprising Fe(001) formed on a second
side on said tunnel barrier layer, wherein

said MgO(001) layer is formed by a single-crystal MgO, (001) layer or a poly-
crystal MgO, (0 < x < 1) layer in which the (001) crystal plane is preferentially

oriented.

3. (Currently Amended) A magnetoresistive device comprising a magnetic tunnel
junction structure comprising:

a tunnel barrier layer comprising MgO(001);

a first ferromagnetic material layer formed on a first side of said tunnel barrier
layer and comprising a single-crystalline (001) layer or a poly-crystalline layer of Fe
or an Fe alloy of the BCC structure, said polycrystalline layer having the (001) crystal
plane preferentially oriented therein;

a second ferromagnetic material layer formed on a second side of said tunnel
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barrier layer and comprising a single-crystalline (001) layer or a poly-crystalline layer
of Fe or an Fe alloy of the BCC structure, said polycrystalline layer having the (001)
crystal plane preferentially oriented therein, wherein

said tunnel barrier layer is formed by a single-crystalline MgO, (001) layer or
a poly-crystalline MgO, (0 < x < 1) layer in which the (001) crystal plane is
preferentially oriented, wherein

[[the]] a discontinuous value (the potential barrier height of the tunnel barrier)
between the bottom of the conduction band of said tunnel barrier layer and the Fermi
energy of at least one of said first and said second ferromagnetic layers is smaller than

an ideal value in the case where the MgO (001) layer is a perfect single-crystal.

(Currently Amended) A magnetoresistive device comprising a magnetic tunnel
junction structure comprising;:

a tunnel barrier layer;

a first ferromagnetic material layer of the BCC structure formed on a first side
of said tunnel barrier layer;

a second ferromagnetic material layer of the BCC structure formed on a
second side of said tunnel barrier layer, wherein

said tunnel barrier layer is formed by a single-crystalline MgO (001) layer or a
poly-crystalline MgO layer in which the (001) crystal plane is preferentially oriented,
wherein

[[the]] a discontinuous value (the potential barrier height of the tunnel barrier)
between the bottom of the conduction band of said tunnel barrier layer and the Fermi
energy of at least one of said first and said second ferromagnetic layers is smaller than

S

an ideal value in the case where the MgO (001) layer is a perfect single-crystal.

(Currently Amended) The magnetoresistive device according to claim 3 [[or 4]],

wherein said discontinuous value is in the range of 0.2 to 0.5 eV.

(Currently Amended) The magnetoresistive device according to claim 3 [[or 4]],

wherein said discontinuous value is in the range of 0.10 to 0.85 eV.
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(Currently Amended) A memory device comprising:
a transistor; and

[[the]] a magnetoresistive device comprising a tunnel barrier layer; a first

ferromagnetic material layer formed on a first side of said tunnel barrier layer; and a

second ferromagnetic material layer formed on a second side of said tunnel barrier

layer, wherein said tunnel barrier layer is formed by a single-crystalline MgQO, (001)

layer or a poly-crystalline MgQO, (0 < x < 1) layer in which the (001) crystal plane is
preferentially oriented acecerding—te—any—one—of—claims——te—6; wherein said

magnetoresistive device is used as a load for said transistor.

(Original) A method of manufacturing a magnetoresistive device comprising:

preparing a substrate;

depositing a first single-crystalline (001) layer or a first poly-crystalline layer
of Fe or an Fe alloy of the BCC structure, said poly-crystalline layer having the (001)
crystal plane preferentially oriented therein;

depositing a tunnel barrier layer on said first (001) layer of Fe or an Fe alloy of
the BCC structure under high vacuum, said tunnel barrier layer comprising a single-
crystalline MgOy (001) or a poly-crystalline MgOx (0 < x < 1) in which the (001)
crystal plane is preferentially oriented; and

forming a second single-crystalline (001) layer or a second poly-crystalline
layer of Fe or an Fe alloy of the BCC structure on said tunnel barrier layer, said

polycrystalline layer having the (001) crystal plane preferentially oriented therein.

(Original) A method of manufacturing a magnetoresistive device comprising:

a first step of preparing a substrate comprising a single-crystalline MgO, (001)
or a poly-crystalline MgOx (0 < x < 1) in which the (001) crystal plane is
preferentially a second step of depositing a first single-crystalline (001) layer or a
first poly-crystalline layer of Fe or an Fe alloy of the BCC structure, said
polycrystalline layer having the (001) crystal plane preferentially oriented therein, and
then carrying out an anneal process for crystallization;

a third step of depositing a tunnel barrier layer on said first (001) layer of Fe or
an Fe alloy of the BCC structure under high vacuum, said tunnel barrier layer

comprising a single-crystalline MgO, (001) or a poly-crystalline MgO, (0 <x < 1) in
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10.

11.

12.

which the (001) crystal plane is preferentially oriented; and

a fourth step of forming a second single-crystalline (001) layer or a second
poly-crystalline layer of Fe or an Fe alloy of the BCC structure on said tunnel barrier
layer, said poly-crystalline layer having the (001) crystal plane preferentially oriented

therein.

(Currently Amended) The method of manufacturing the magnetoresistive device
according to claim 8 [{or 9]], further comprising the step of causing a seed layer to be
grown between said first and said second steps, said seed layer comprising a single-
crystalline MgOy (001) or a poly-crystalline MgOx (0 < x < 1) in which the (001)

crystal plane is preferentially oriented.

(Currently Amended) The method of manufacturing the magnetoresistive device
according to claim 8 [[or 9]], wherein the step of forming said tunnel barrier layer
comprising said single-crystalline MgOy (001) or said polycrystalline MgOy (0 <x <
1) in which the (001) crystal plane is preferentially oriented further comprises the step
of adjusting the value of x in MgO,.

(Original) A method of manufacturing a magnetoresistive device comprising:

preparing a substrate;

depositing a first single-crystalline (001) layer or a first poly-crystalline layer
of Fe or an Fe alloy of the BCC structure, said poly-crystalline layer having the (001)
crystal plane preferentially oriented therein;

forming an amorphous MgO layer on said first (001) layer of Fe or an Fe alloy
of the BCC structure and then crystallizing said amorphous MgQO layer by annealing
so as to form a tunnel barrier layer comprising the single-crystalline MgOy (001) or
the poly-crystalline MgO, (0 < x < 1) in which the (001) crystal plane is preferentially
oriented; and _

forming a second single-crystalline tOOl) layer or a second poly-crystalline
layer of Fe or an Fe alloy of the BCC structure on said tunnel barrier layer, said poly-
crystalline layer having the (001) crystal plane preferentially oriented therein.
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13.

14.

15.

16.

17.

(Original) The method of manufacturing the magnetoresistive device according to
claim 12, wherein said amorphous MgO layer is deposited by sputtering, using a

target with the value of x in MgOy adjusted.

(Original) The method of manufacturing the magnetoresistive device according to
claim 12, wherein the step of forming said amorphous MgO comprises the step of

adjusting the value of x in MgO,.

(Original) A magnetoresistive device comprising a magnetic tunnel junction structure
comprising;:

a tunnel barrier layer;

a first ferromagnetic material layer formed on a first side of said tunnel barrier
layer and comprising an amorphous magnetic alloy; and

a second ferromagnetic material layer formed on a second side of said tunnel
barrier layer and comprising an amorphous magnetic alloy, wherein

said tunnel barrier layer is formed by a single-crystalline MgO, (001) or a
poly-crystalline MgOx (0 < x < 1) layer in which the (001) crystal plane is

preferentially oriented.

(Currently Amended) The magnetoresistive device according to claim 15, wherein
[[the]] a discontinuous value (the potential barrier height of the tunnel barrier)
between the bottom of the conduction band of said tunnel barrier layer and the Fermi
energy of at least one of said first and said second ferromagnetic layers is smaller than

an ideal value in the case where the MgO (001) layer is a perfect single-crystal.

(Currently Amended) A magnetoresistive device comprisirig a magnetic tunnel
junction structure comprising:

a tunnel barrier layer;

a first fefromagnetic material layer formed on a first side of said tunnel barrier
layer and comprising an amorphous magnetic alloy; and

a second ferromagnetic material layer formed on a second side of said tunnel
barrier layer and comprising an amorphous magnetic alloy, wherein

said tunnel barrier layer is formed by a single-crystalline MgOy (001) or a
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18.

19.

20.

[38]
oy

poly-crystalline MgOx (0 < x < 1) layer in which the (001) crystal plane is
preferentially oriented, and wherein

[[the]] a discontinuous value (the potential barrier height of the tunnel barrier)
between the bottom of the conduction band of said tunnel barrier layer and the Fermi
energy of at least one of said first and said second ferromagnetic layers is smaller than

an ideal value in the case where the MgO (001) layer is a perfect single-crystal.

(Currently Amended) The magnetoresistive device according to claim 16 ex—17,

wherein said discontinuous value is in the range 0f 0.2 to 0.5 eV.

(Currently Amended) The magnetoresistive device according to claim 16 er—17,

wherein said discontinuous value is in the range 0f 0.10 to 0.85 eV.

(Currently Amended) A memory device comprising:
a transistor; and

[[the]] a magnetoresistive device comprising a tunne} barrier layer; a first
ferromagnetic material layer formed on a first side of said tunnel barrier layer and

comprising an amorphous magnetic alloy; and a second ferromagnetic material layer

formed on a second side of said tunnel barrier layer and comprising an amorphous

magnetic alloy, wherein said tunnel barrier layer is formed by a single-crystalline
MgO, (001) or a poly-crystalline MgO, (0 < x < 1) layer in which the (001) crystal
plane is preferentially oriented acecording-to-any one-ofclaims15-te19, wherein said

magnetoresistive device is used as a load for said transistor.

(Original) A method of manufacturing a magnetoresistive device comprising:

preparing a substrate;

depositing a first ferromagnetic material layer comprising an amorphous
magnetic alloy on said substrate;

forming an amorphous MgO layer on said first ferromagnetic material layer
and then crystallizing said amorphous MgO layer by annealing so as to form a tunnel
barrier layer comprising a single-crystalline MgO, (001) or a poly-crystalline MgOx
(0 <x < 1) in which the (001) crystal plane is preferentially oriented; and

depositing a second ferromagnetic material layer comprising an amorphous
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22.

23.

24.

25.

26.

27.

magnetic alloy on said tunnel barrier layer.

(Original) The method of manufacturing the magnetoresistive device according to
claim 21, wherein the step of forming said tunnel barrier layer comprising said single-
crystalline MgO, (001) or said poly-crystalline MgO, (0 < x < 1) in which the (001)
crystal plane is preferentially oriented involves deposition by sputtering using a target

with the value of x in MgOy adjusted.

(New) The magnetoresistive device according to claim 4, wherein said discontinuous

value is in the range 0f 0.2 to 0.5 eV.

(New) The magnetoresistive device according to claim 4, wherein said discontinuous

value is in the range of 0.10 to 0.85 eV.

(New) The memory device according to claim 7, wherein
the first ferromagnetic material layer and the second ferromagnetic material

layer are each a BCC structure.

(New) The memory device according to claim 7, wherein
the tunnel barrier layer comprises MgO(001), and
the first ferromagnetic material layer and the second ferromagnetic material

layer each comprise Fe(001).

(New) The memory device according to claim 7, wherein

the tunnel barrier layer comprises MgQO(001),

the first ferromagnetic material layer and the a second ferromagnetic material
layer each comprises a single-crystalline (001) layer or a poly-crystalline layer of Fe
or an Fe alloy of the BCC structure, said polycrystalline layer having the (001) crystal
plane preferentially oriented therein, and

a discontinuous value (the potential barrier height of the tunnel barrier)
between the bottom of the conduction band of said tunnel barrier layer and the Fermi
energy of at least one of said first and said second ferromagnetic layers is smaller than

an ideal value in the case where the MgO (001) layer is a perfect single-crystal.
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28.

29.

30.

31.

32.

33.

34.

(New) The memory device of claim 27, wherein said discontinuous value is in the
range of 0.2 to 0.5 eV.

(New) The memory device of claim 27, wherein said discontinuous value is in the
range of 0.10 to 0.85 eV.

(New) The memory device according to claim 7, wherein

the first ferromagnetic material layer and the second ferromagnetic material
layer are each a BCC structure, and

a discontinuous value (the potential barrier height of the tunnel barrier)
beﬁ;veen the bottom of the conduction band of said tunnel barrier layer and the Fermi
energy of at least one of said first and said second ferromagnetic layers is smaller than

an ideal value in the case where the MgO (001) layer is a perfect single-crystal.

(New) The memory device of claim 30, wherein said discontinuous value is in the

range of 0.2 to 0.5 eV.

(New) The memory device of claim 30, wherein said discontinuous value is in the

range of 0.10 to 0.85 eV.

(New) The method of manufacturing the magnetoresistive device according to claim
9, further comprising the step of causing a seed layer to be grown between said first
and said second steps, said seed layer comprising a single-crystalline MgOy (001} or a
poly-crystalline MgOy (0 < x < 1) in which the (001) crystal plane is preferentially

oriented.

(New) The method of manufacturing the magnetoresistive device according to claim
9, wherein the step of forming said tunnel barrier layer comprising said single-
crystalline MgQOy (001) or said polycrystalline MgOy (0 < x < 1) in which the (001)
crystal plane is preferentially oriented further comprises the step of adjusting the

value of x in MgOx.
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35.

36.

37.

38.

39.

(New) The magnetoresistive device according to claim 17, wherein said discontinuous

value is in the range of 0.2 to 0.5 eV.

(New) The magnetoresistive device according to claim 17, wherein said discontinuous

value is in the range 0f 0.10 to 0.85 eV.

(New) The memory device of claim 20, wherein the discontinuous value (the potential
barrier height of the tunnel barrier) between the bottom of the conduction band of said
tunnel barrier layer and the Fermi energy of at least one of said first and said second
ferromagnetic layers is smaller than an ideal value in the case where the MgO (001)

layer is a perfect single-crystal.

(New) The memory device of claim 20, wherein said discontinuous value is in the
range of 0.2 to 0.5 eV.

(New) The memory device of claim 20, wherein said discontinuous value is in the

range of 0.10 to 0.85 eV.
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REMARKS

Applicants have amended 3-7, 10-11 and 16-20, and added new claims 23-39. As

such, claims 1-39 stand for consideration in this application. No new matter has been added

to the application as a result of these amendments.

In view of the above amendments and Applicants’' comments stated herein, Applicants

respectfully request an early and favorable action on the merits.

REED SMITH LLP

3110 Fairview Park Drive
Suite 1400

Falls Church, Virginia 22042
[(703) 641-4200

September 8, 2006

/

Respectfully submitted,

Stanley P. Fisher
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(87) Abstract: A single crystal MgO(001) substrate (11) is
prepared. An epitaxial Fe(001) lower electrode (first electrode)
(17) having a thickness of 50 nm is deposited on an MgO(001)
seed layer (15) at room temperature. In an ultrahigh vacuum
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increased.

G EH: HEHEREMgO (001) EiR1 1 ##EHFL.
50mnmEODIESXAFS¥)LFe (001) THERE
(51 EHE) 17%#Mg0 (001) ¥*—FE15L
ICERTHREL. RWT, BEEZ (2x10%Pa)
[THWLT, 350CTTF7F=—LEFTS5, 2nmED
MgO (001) /SYF7E21%Fe (001) T
ElE (F188) 1 7LICERECIES4 XY ILERET
5, COBFE. MgODEFE—LEBFBERAL=Z. MgO
(001) NYUFPE21EICEERET, EE10nm®
Fe (001) LEEE (F28MW) 23&WwrlL7i.
EHELT, 10nmESDCofB21%Fe (001) L
HMEE (FE28H#W) 23 LICHBL, CofB2 1%,
LHEB 23D LBEB230EFHEEH DI LIS
FOTRFAHELBEZERTH=HODEDTHD. X

WT., LSROERRBEEHMEMILTFe (001) “MgO (001) ~Fe (001) TMREZF%EEY
5. CNICEYMRAMOHABEFREEZED B ENTE S,

WD EX1002
Western Digital v IP Bridge
Page 59



WO 2005/088745 A1l

)0 0 OO OO O

74

@1

KRHEA: K #HE , 5 (HIRAKIL Yusuke et al); T
1050001 ERE#BERFE / F14 T H3IE20S HBEMT
EJL19F Tokyo (JP).

EEE (ETOLZWRY., 2TOBEOERNRES
HHE): AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BW, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM,
DZ, EC, EE, EG, ES. FL, GB, GD, GE, G, GM, HR, HU,
D, IL, IN,, IS, JP, KE, KG, KP, KR, KZ, 1.C, LK, LR, LS,
LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA,
NL NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE,
SG, SK, SL, SM, SY, TJ, T™M, TN, TR, TT, TZ, UA, UG,
US, UZ, VC, VN, YU, ZA, ZM, ZW.

84 EEE (RTOGLRY., 2TOEEDOLERERE
AYE[BE): ARIPO (BW, GH, GM, KE, LS, MW, MZ, NA,
SD, SL, SZ, TZ, UG, ZM, ZW), 21— 3 7 (AM, AZ,
BY, KG, KZ, MD, RU, TJ, TM), 3 — B v /% (AT, BE,
BG, CH, CY, CZ, DE, DK, EE, ES, FL, FR, GB, GR, HU,
IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR),
OQAPI (BE, BJ, CF, CG, CL CM, GA, GN, GQ, GW, ML,
MR, NE, SN, TD, TG).

AT ABEEE:

— ERRAEHEE

2XFO— FRUMBOBRIEIZDOLTIX., EHRTEINDS

EPCTHE Y FOEBICBE S CTLND To— FEBEE

DHAE R — ] B8,

WD EX1002

Western Digital v IP Bridge
Page 60



WO 2005/088745 PCT/JP2005/004720

A
BKIEREF RO O/EHE

il 8
AFERIT, BMRIERFRTFROCZORETFTECE L. B, BVBEKIEREZE T
LHKERARF RO OREHFHEICET S,

R

MRAM (Magnetoresistive Random Access Memory) . BIELEL HAWVWHR TS
FMEETTHOADRAMICRDLI RKEEMITERERFTH V., >0, BERTE
FYERATY & UTALS HIFREARERPITLATE Y, flZIX, 4Mbit @ MRAM 289> 7
NHFFENRTEE WO EBERD D,
®8m\MRAM@@%%T&%%V*w@§ﬁﬁ$%(UT\FTMR%?J
LT D) OEEL, TOMEREERIRTHD, K8 (A) FRIT X I,
TMRETFICBWTIX, BE» 5725 b rvEE (LT, TRNUTE] &b
9 D) OWMERBEEEBRNORIEBLIREVCE2D 2 OOBRICE VAL -
CANVEEERE LTS, MoRAVEEEBE LTI, TELTFRADAL—OFE
BRAVLNTWS GERFFXER1IZR) . B8 (A) 7T X31T, 1 0
YEEIE & F 2 OMBIEER & OMLO M & BRIEITRIFITHRIEOHEICIX., Frx
NBEDREICK T 2EBRTAICETLIRFOEBRIER N /NESL s, —FH. K
8 (B) a7 X5IT, B 1DOMBMEEIRL 5 2 OBBMEER & OB H & 28
SEATRRIEATHALDOB AT, P RAVEEOREICKIT 2 ERIFRICET 55
FOBKERPREL 2D, ZOBEFEX. —BRRETIRE(Y T, EAE
BEVPMENICESHNTHER “17 0 “0” LLTEEIShD, FITHbLER
EATHEL L IR ERICRBEN S 2D, TEREATY OEERZFFLLTHNWS
TENTE D,

B9k, MRAMOEFREEMNZRTHTHY., B9 (A) HMRAMOEHEK

Thv, B9 (B) BWEANREBERKTHY., B9 (C) k. #BEMAEZRT
1
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WERTH D, M9 (A) DRI LI MRAMIZBWTHEHY — FRRWL & v
v PRBL ENRRETH LI ICEEBIIL. REFHIZMR AME/ARERE LT
B, M9 (B) ItRT X, V—FHRELEY MREOTEHICEE SN MR
AMEAIZ. TMRETE., COTMREFLEIEHEENTZMOSFETES
HLTBY, BREHE L THET S TMREFOEFNEEZEMOSFETIZED
HAMBDZ LICL Y EEBEREHALETZILETE S, M. BHROETSHE 21T,

BlzE, TMREF~OHEBOHMCEVITH>Z N TES, M9 (C) TFRT
L5, MRAMAEV E/ME, pBIS i K1 0 1NITHERER I Y — A FEIRK
105 FL A 4EKLO03E, TOMIEESNS T ¥ R/AMERICH L THER
Eher—+rEHE111E2FTAMOSFET100¢, TMREF117&
EAHLTWS, Y—X{EHK1 0 5 &M (GND) . FLArik, TMRF
FENMLTCE Yy PMEBLIZEREINL TS, V—FBEWLIZFA—1FEMHE1 1 112
3L CHRR LaWERICB W TERSNL TV D,

DIEWHBELEZL S IC, REREAETIYMRAMIE, 1 D2OMOSFETI10
OLTMREFLI1T7EICEY IODAEY BANEEET A LN TES LD
BEBILICELEATIEFLNIZ LN TED,

JEHFEF Bk 1 : D. Wang, et al. :Science 294 (2001) 1488.

FEH O BR

RROEWMERNDZ LICEV64MDb i tIBEOMRAMEZERTSREL
IEZE 5> TWBN, TN EOBEERELOEDIZIE. MRAMOLEE TH B TM
REFORELZ M EIEDIMERDLD, fFFic, TMRETFOHNEEZRM EEY
B, BMRIEROBREEBEEFEOCKRBEOM TR MNETHS, B1 00X, 7%
LT rFRAL—O% bR AMEEL LEMRETMREFORSIERO A 7 2
BEICELELEZRIHTHS (L1) ., M10KFRTEIIT, #EKETMRE
FIZBWTIE, BKIEIRAS/NEL, BRREEZHNT 2 Z LIt X VBEKIERLEA
Biz/hNEL hbrERARALLBND, TDX D REETIE, Biffv—YrEEELE
HABES/NETED2D, ZEORBREFITAVDIONE LY, K BEEEIC

Z.RROTMREFORKIEFRIZN 0% LKL E-HAEBEES 200 mVELT
2
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EIEWZYD, DRAMOHABEICHSSTHEREMIZESTHY , EFEEZ LiF5

CHEVVEEN ) A XCHE BN THAHERLRoTLEI LWIOIRER D - 72,
AEHIZ. TMREFICBITDIHAEEEZRELLTEHIEEZANLE T D, &b,
KREDRBEIERICLY, BRECESFETIRBREEBZRET A2 LZEMN LT 5,

AZEAO—BATIIE, PURVEEER L, B b RVEREROE 1 HANS
WRENEZBCCHELZETIE 1 OMBMEERE L, B L RVEERBDE 2
EANCHRENZBCCHELZ AT IE20MBEFRB L. 2T I3HME F*
NEAEEEHL, IR MR NAVEERS, BEEE&Mg 0O, (001) H30iX
(001) BHEENELERLEZZHEREMgO, (0<x<1) BIZTXVEES
NTWAZELE2HBHMETIRIKIERRFRREESND,

7, MgO (001) o5 b FVEBERBL, M RALEBEBOE 1
R SN/ZFe (001) bR5F 1 OMBEEREBL. IR X VE
BERBOE 2HAWHEENTZFe (001) ORDPE2OEBBMEEB L., 2F
THER P FRNVEEHBETH - T, BIREM g OBMN., EffEMg O, (00 1)
HHWIX (00 1) WEEIELEMLEZZEEMz0, (0<x<1) Blck
DEERENTWVWAZ L2 HEETIRKRIBREFETFRREINS, FIEEMg O (0
01) BOBEEETHEAGEFe (001) BOT7 o2 VI ZRAX—DMOFRE
GE (M RVEERS) 2, RMORVWEEREREICRIT 2HEENZELD
HIKRL LeZ L2 LT, LEBEREZAVWD &, BREHRSHERLTMRE
TFTOHRNEEEZRELTHILENTEL, 1D PREZDOATE LTLE
REEAEFTAVD ., FTEEEORBRETFEERTH I LB TE L,

AFEAOMOBRICINIT. BRZEHRITOIILRE ZERLITEIDF e (0
01) BE2H#HETAIREL, FIEE1DFe (001) BLICEFE—LKEE
CEVEREEMg0O, (001) BWE (00 1) FHMREENPELER LI-Z6E
EMgO, (0<x<1) LRl N RNVEEBEZREETICBWTHET S
ITRE., SrCFRAEERBECE2OFe (001) BE2FERTITELZET
LB ETORKRIBNEFORETENRESLD,

¥/, BEREEMg O, (001) 30k (00 1) HREISELEEMLES

HEEMgO, (0<x<1) Po?ERETERFETLIELIIRL, ZERLEICE
3 .
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1DFe (001) BZHEFEL., RKWT, REAZFHEIZTILZDDOT =—V&EFT
S5E2TREL, BMIEEE 1DOFe (001) BLEICETFTEY—LEBEBICL Y BERER
MgO, (001) 3\ (00 1) HEEMIMELERLESHERMe O, (0
<x<1) R RNVEEBZEEZETICBWTHETOIEILEL, &%

FrFvEEBEICE2DFe (001) BEERTIEATRELEEZAET LI L
PR LT IRRERSZETFOREFENRESN S, M, MRE1 TR E2T
BLEoMic, BEEEMg O, (001) H5WE (00 1) #EEmEMBSELERL
7 EEMeg O, (0<x<1) PoRDJDZV—FEEMRETHIIEEZAFALTNT
LEW, £k, BIREMg OE%®, Mg O, O xBEEREBFELODX —5F v h&E AN
THELTHRY, ZO, FiitMg OZBATIILEFIZ, MgO, D xE%E
FELTH RV,

AREHOES HIZHOBEICINIE, MgO (001) bHR5 M RIIVERERE
ELEMNCRNLVEEBOSE 1 EAICERESNETEALT 7 AREEEN LR HE
1 OMBEEEE L. AR O RAVEEROE 2 @AlICHERINET BT 7 R
MWEENDLRDE2OMBERB L., 2F TR M-IV ESREERK L. A
FEMgO (001) BOGEETHMERTEALT 7 ABEESEPLRHIE1IX
2 OMBMERBE LD 7 2 VI EMOBOTERME(N - RVEBEOR I) &,
KD VEEREFBEICBIT 2EBHNRELY BIES LEZ L 285 E T 5%
SERAFTFOREEINS,

] T oD T8 B 7 750 B

M1k, ARHEOE 1 OEBOFRBICLS TMREFOHEE (M1 (B)) &,
BHEMEEEBR THDIFe (001) OZFAXT R FEEZTIKTHY ., K
B [001] FHICHTIE-E. 0BFRERTR (1 (A) ) TH5,

K2 (A) »bE2 (D) £TiE, ZFERAOEROEEIZLDZFe (001)
/MgO (001) /Fe (001) BEZHTOMIKIENET (LT, Fe
(001) /MgO (001) /Fe (001) TMRXE7F] ¢HT5, ) ol
EIRZHENXWITIITRTH D,

K3 (A) iZ. Fe (001) THERE (F1E8HR ORHEEDAXA—U%

4
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RIRTHY, K3 (B) . ZOEOMg0O (001) "UTEDPRHEED
ARA=TERTRTH B,

K4ix, Mg OXBRRICBITDIRET ¥ o NthUEMHEMa s s A7 fLD
BARRERTRTH S,

K51k, Mg ORETORELSEDOHEEREREKFLRTTIRTH B,

M6iX. Fe (001) /MgO (001) /Fe (001) TMREFDH
TR 2 BRIETTHRE TS TR TH D,

K7 (A) X, BRBIEBITAMREONARAS T AEEEREEEZFTIRKTH S, X
7 (B) X, TMREFOHABIEV,  JF (=7 T7REEX (Rap—Rp)
SRap) Z3-TETH 5,

K8ix. TMRETFOHEEL., TOEEREZTRTRTH D,

BoiX, MRAMODEFRBEHMZRITRTHY, K9 (A) ITMRAMODORHR
Echbbv, M9 (B) IFEXNWREERERETH ., M9 (C) ik, BEMEZT
TWEKTH D,

K10k, 7ENLT7AALl —O% b RAVEEEL LIERERB TMRSEFORE
K[IEFONA T RAEBEICLDELEFRTHTH S,

K11k, ZEAOCEMOHERBROEFRFICELDZ TMRETOETIBEEZ RTH
THY, M1 (B) TxiET2RTH D,

FRAEEHT DO DOREDERE

AREEHEIZBWT, Mg O HeE (Na C18#EE) Tbdizd, (001)
m. (100) @, (010) WEIETHEMTHd, T T, EHICEE RS
MZziedaZ ik, EE%EZ (001) EHE—MICERLTWVWD, i,
AAMEIZRBNT, ERBOFLABECTCHI2BCCHEELEIELIFHZHDOZ & T
HB, L0 EKEICIE, BEHFRFORWBCCHEE, Whw 5 A 28EE. B
X OMEZEHHRFOH DB C CHEE, HIXIEB 2BBESCL 2 B8, oz b
ZERL, INODOBCCHBEDHRETNENTEATELOLEEND,
FFHHBIZRB W THAWERMBO 2 WEERBEfERICRIT 5 TEENRE] &

FEBIZ. BN BN EFONDOERNLHEP LZETH 5 (5 CHR: W. Wulfhekel,
5
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et al.: Appl. Phys. Lett. 78 (2001) 509.) , T DX o /RRETIE. MEKXIE
T RMEPEEAETEBCEBHZEGEEMg OD F - RXAVEEOR SO _ERE
LEITLNTED D, BEMREL WS AFEE AV,

HEHDOERDOBEIC OV TIHBAT RN, BHFOIT-LBRICOWVWTHA S

179, TMREBFOERKES (MR) iz, UTFToRXRTRENS,

AR/Rp= (Rap—Rp) /Rp

Z T, RpEUR a pli. 2O0DBMOBALISFEIT L REFTDEED R RL
BEEEINTHD, JullireDd®ARIZINIE, B TREBEIZBITAMR
BiZ, B ToLscRENS,
MRM= (Rap—Rp) /Rp=2P, P,  (1=P,P,) THU,
Pa= (Dal (Eg) —Dal (Egp) ) / (Dol (Ep) +Dal (E;) .
a=1, 2 (1)
LFREIND,

ZIZT, Pald, BEOAYUSWBETHY, Dal (Ep) &Dal (Ej)
EIX.ENEN, BHAC AN FEDEAEC AR RO T 2 VI 2R ¥— (E
P) ICRBITAREEE (Density of state:DOS) Th3,
BEMEEEEBROEEDAL U ORIBIZEBIZ0.5UTTCHLED. Jul
liredARNICINT, ZLEWVWHEEMRIEE LTHT7 0% TFHIENS,
TMREFETENLNT 7 ADAL —OD MU RVEEEL ZHEREB/RE ZHWTE
BypHE, BIHTOMREELTHNTO%LEWVWIEIBLNL TSN, DRAM
WOHIMEBEETHH200mVEELIOTELLS, EEDOXS5ICTMRAMERD
T AMERE RO TS,

FEHEIZ, Bk~ %X v s (MgO) OERFESE (001) 50WiE (00 1)
AERESEEREN LS EREMgO% U RVEBEBEL LTHWETMRETFZ
EBT37 70 —F2RATVE MEROTENLT 7 RADA 1 —OBREL TR
b~ 7 2 v L3R (RFRAHRBELLEI LEWE) T, BEF
BHELENT, BEFOat— LY MPRES M RABRICBWTERESN S Z &2
FHIEND, 1k, REMOFREBICIATMREBBTH#HE (1 (B) ) &, @

BHEEETHDIFe (001) OZRNAF AN FEEEZTRIRTHY, FE
6
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ZZfn [001] FAIKHTAE—E . OBEFEZRIR (1 (A) ) ThHs,
K1 (B)IRT IO, RERMOFREBICLIATMRETEEI. E1DFe (0
01) B1&, 2DFe (001) BS5&, ZhboMicEEEnzEERMg
O, (001) BHA WX (001) #EENELEER LEEFEREMg O, (0L
x<1) B3¢, ZALTHEREENTVS, LFBJulliredEFNITEN
. BEETOEBEN PR BRICBWTRESENS ET5E, MgO%3E
BB PUORNVERIE P RNAVEBEBICRER SR EAREICKT D ERTM)
DEER7 "V k , BT HETHXEMCRS, 1 (A) 2573 [00 1]

(F—H) FRAIICBITDF e DmFAX -y FRIZENIE, 7=V I¥ENME
IZBITHREEE (DOS) 1, ZEAT UV EIBEAC DY TR FRT7 =L
SEME BV TREZELTVWS D, ZRIZEEWVRBREREZRIRY, L
DL E, BFOabt—Lr MRER FUCRLVBERICBWTRESNSESIC
X, BECEEZEICE L CERCHHRESBEKELE T 5 RHET O LN EEE
FEIRICB T HRELERE L. ARO M RAERLFOILICLRD, Fe (00
1) BROA , N> FBRIERO LS 22 REaBEEEzE T2, M1 (A)
WARTESIT, AT ALIARNVE (BR) 7=V IBMEICREEZEFET
B, PEAEA TN (R X7 VIENE ICREERFE LRW,
DEHIRF e A XNV FON—T7REZVHRBEICI Y, EFICEOMREER =
E—L Y FRAVUVREEBE N RZMVICBWTELONAFAREERD S, T X%y
v (BfEEHDVWE (00 1) BREHdaE) DTMREIEFiX. hrRAVERPIIC
BIF3BEFOREIMBI SN 2D, EROXSae—L i M2 bR EE
BT DiCIBENTHDI EEZXDND,

LT, AEPFOE 1 0ORBEOBRICL ZHMRIEBNBTROZTOHEEFIEIT OV
THREEZSRLOoOHHETS, B2 (A) »bK2 (D) Tk, ABHDE
HWOBEIZLDFe (001) /MgO (001) /Fe (001) #&&FHT
HHEKENET (LLF, [Fe (001) /MgO (001) /Fe (001)
TMRET] ¢H7T5, ) ORETEZEXMIRIKTHS, Fe (001)
X, BCCHEE*H T L2MUBEERTH D, 9. EfEMg0O (001) EiR1

1%2%EL. MBEE (FB-EF X —E) Ik, EFEEMz20 (00 1)
7
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EFE1LI1ORAEOE74AB Y —%2WET DD, MgO (001) ¥*—FKE1S5
ERET S, EFELT, B1 (B) 37X, 50nmEOTEHZFT v
Fe (001) TEE®E (F1E® 17%Mg0O (001) ¥—FE1lS5 Lk
EERTHEL, RWT, BEEZT (2X107%Pa) ZBWT, 350CTT
=—EITH, M., BFRBFICBIT LM, MEEENS8 Lk VTHD, KE
HEMNO. 02nm ., REBENER JW293K) . EFREEOY —X
MEE LT EEERPEROMg O (Mgl OLDlA1 @ 1) ZHV, Y—
ALBEREDOERZ40cme L, FEIEEEEN1I X107 5Pa, O,45F
K1X107°PaThsd, M. LEEROGEROMgO (Mg LOLDtd1 :
1) ORPDIC, OXRBEETS Y —REMEAT5C L bAETH B,

K3 (A) X, ZOEOFe (001) THER (18 17DORHEE
DARA—VERTETHD, M3 (A) TFRTEIIZ, Fe (001) THEEM®R
(FB1E® 1 73REFRERMEEFHEEZFLTNDEZLEZRLTNS, KD
T, K2 (C) ITFRTEIIR, 2nmEDOMgO (001) NRUTE21%ZFe
(001) THE®R (BE1EMW) 17 LEEBTEEIX Y ARETS, 2D
BEdh, Mg ODBEFE—AEEFEZA VWL, @3 (B) &, ZOBEOMgO (0
01) NUTRE21DODRHEEDAA—VERIETHLSD, I3 (B) TR 3 &
51C. MgO (001) NUFE21bERARBEMELFHEEZFL TSI L
ERLTWS,

K2 (D) ikFTXoc,. MgO (001) NYUFE21Ekic, BETES1
Onm®PFe (001) LEEE (FE28W) 232k LE, EFHELT, 10
nmEEDCoE25%Fe (001) L¥EM®R (FE2E8MH 2 3 LITHRELZ,
CoE251F, LHEBEE2 SOERFHEFEDDZ LIZ X > CTRFEITHILEE 2
HMIB720DbLDTHD, WNT, LEBOERRBZHMMILUCFe (001)
/MgO (001) /Fe (001) TMRET.EHHKT D, ,

FREBEBFE—ALICEIAMgOREFIL. 10 °Torr DEBEEZRECHREL
FTolce ZOFETHE, BIZIEH T AEREIZ3 00 n mDEEEFT o 72 HET
b, EBEFATHY ., BEFLBERERBRINLTHDZ 3015, M4k, M

g OFEBRICBITAREF ¥ NHNOMEBRMa s s A7 M-OBEBEY R
8
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TRTHD, MA4ITFTFTEIHIC, ODARLT PP 1LO, DR AP 2L
BT HSERE NI LR D, K513, Mg OKSEF ORI SE O BEHERE R
EXEEZTRTRTHD, RISKEFRT I, BESEBERLRVEBE VI &, #
FREEL LHOIIMESEDEL DI L, 2EIEZ, Mg ODOHFEFITBITAMg
ONLDBEBEOHMNEZRETIHDTHY, B LIEBBIIELERFITL-T
BRIEEBEOMCEER SN2 b, MgO, (0. 9<x<1) DX3IcEEs
REPECTHDAREERH D, BEXRENRELDLEMgO M RIVEEDS S
NEL 2B LEEZLN FlIxIE, 0.10~0.85e V., XV FEEMITIZ0.2~0.5e VD
FEAN) . XD, FrrRAEBRSENTLIbOLEZ BN, M. —&H
A1 —O P RAEBEDEE. Fe (001) 20D R RAEBRBEDR S,
0. 7~2. 5eVEEZLND, TN LT, Mg OFFRIFEBHR F X
NWIBBEDOEFESIX3. 6 e VTHY, ERMEL L TIZ0. 9~3. 7 e VOENRE
BTV D, REMOBREIZLDFELAWSE, 0. 3e VERED M FRILE
BEOE I BHEEIN, P RXNVEBEOEKIEFULA TR THDIZ L BN D B L,
FOMOER, FIZITFIROz Lt — L M PR AOEESGEEL TS AR
MERH D, M, BRERBICES<MgO, DxDEELLTIX, 0. 98<x<1,
FUVHFELLIZ0.99<x<1EBETHY MgHEEDOLIRLOIEFEERT.
Mg O DEFENEARFICIMFSNIEGEGEHTH 5,

M. EFE. PUORALVEBEOERES oiX. TMREFOEREERSE (XA E
FBE] LA T ABEVORER) 2, WKBEEICESWEZS immon s ®
AR (FESFEFICER J. G. Simmons: J. Appl. Phys. 34, pp.1793-1803 (1963).
D (20) ) CHTRELLOERMDERET T4y T 47352 &icko
TR, ZOE, EFOADEEL LT, BHEFOEE (m=9. 11X1
07 %'k g) EBHVWTCTZ 4 T 4 v &iToTc, J— VERICIEREELEHEND
BEODNATABEV (BE500mV~1000mVEE) £ THMTIIE.
SimmonsDPRNEAWVWT] —VEEEZTZ7 T 47 3T52&I2LY, b
ANBEDOEE ¢ & P RNVEEOFERES A s ZRFICIRET D2 &R HES,

ZIZT, PrRNVEBOFEES A sid, TMREFOWHEZBETEMSE (T

EM) BENLRDEEBEOMgO (001) M RABEBOES (ty,,)
9
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X0d, MO, SnmigFEVMEELR-TE, T, MgO (001) BLFe
RLCoZBERS LT EAERBORAEITAE LZEBLRT Yy LOPHRITE - T,
FURNVEBBEOEYDES A s PEEOMgO (001) BOESLID H#E#EL foecu
TeRERTH D,

M. BFETEMEEZA VT t y, o ERICRDBZ LR TEBHBAIE. UT
'mﬁ&aiamiﬁf\;@%@mLV*»%@@%%¢%%E%5:&$&%
B, Tbb, TMREFICHMT S/ 7T REEVREW EE., 100mV
LLF) BE, PrRABMEBE JIINATAEBEVICHRAI L, J— VEEIRERE
BRERD, TOXIRENSASTREEDOEELTIX, Simmon s ORIZ, &K
(2) ODEHIICFHABTE D,

IT=[(2m¢)"2 " Asl(e/h)’}Xexp [—(4xAs " h)X(2m¢)] X
vV o (2)

ZTCZT, miZEBHBETFOEE (9. 11 X103 kg) . eidFEER (1.
60X107'°C) ., hidrs7E# (6. 63X107%]+5s) ThdD,
o, FORNABEOESHEESAsiE, As=ty,o— 0. 5nmThHd, TM
RETDENALS T RABEFHD ] —VEFEE (2) K74 v 707X,
P RNVEBEDOES ¢ ZB{EIOSEMRICREDL D Z 08 HES,

X 61X, EFROFECLVMELREZFe (001) /MgO (001) “Fe

(001) TMRETFTOAMWREMIERBREZ T IR THD, BAIERE2Z2 0K
WBWTMRE146%THY, BIERE?2 9 SKIZBWTMRIEIZ88%TH
o, TOEIZ, BEEZ TRERIBWTIELNERELEVMRETHS, 0
X5 mVMRMEIZ, Fe (001) EMORE UM RIZI>THATIZ L
ZTEF, LA, I b— LV MNRAEUVREBRN ORI CIICEETSEEZD
N5, 16 0HOTMRETERMELAEFER, MR E PR VEPUE & IZEET
BIXHDOXIZ. 20%LANTHom, TMREFOHEEY LEREBRETO0%
UbkTholk, TOXIRBEVEIE, KT 7o —FOFHEERBL TS, T
MREFOER—=V7HE (RA) Z, £k Qum?*ThHV, ZDfEIXZ,. MRA
MIZBELZETH 5,

K7 (a) X, BRICEBITOIMREDAAS T RAEBEEKFEEZTIRTH D, X
10
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7 (a) ITRTEHIC. MRED AL T ABEEEEERVENZ E R3S,
R R R T B MREPEHTIEEV ,, X1 250mV &SI ERE
WWEWERELILTWS, M, MDA 1 —ORITBITAMRUEDOEFET HEE
V,.::/E300~600mVThs, K7 (b)) i, TMREFOHAEE
wild (=47 2REEX (Rap—Rp) /Rap) 77, HHE Fth®
BREIZIEASAAS 7 RICB N T3 8 0mVOERELNTNDS, ZO®@IX, A1l —
ONRVTOHEDE (200mVE) ON2EDETHD, ZDL5IC, MRH
CHABELDHEF THEWENE LN LiX. REROFIEIC X 5 EHFDH D
HERLTND,

., EREHOBEICEWVWTIZ, BCCOFe (001) ZRAVER, by
WBCCOHDF eHZE4. HilziE. Fe—Cod&., Fe—Nidt&, Fe—Pt
GEERAVEILLTED, RWITEMEBEMgO (001) BEoMiz, 1K
FRXIKEFEBERECESDCo, NiREFEFHFEALTHEW,

Wiz, AREADE 2 OEMOTFIBIZ X 2BIKIERAFETFROEOHEFEICOW
THEZT Y, REMOEREBIZEXSFe (001) /MgO (001) “Fe (0
01) TMREFOREFETIX, ETANv X I Z7EREICEOIMgO (0
01) 2ZHBELRXTENT 7 RRETHEL., TORICT=—NVALEEITS
Ziicky (001) FEESEMLAEESHREELIIEBRLTOIRAZHELE T
Bo AN HY U TEEE, BIRE, BENER (293K) THhY, F—Fv
FELTE2AFoOMgOZRAWVAr FEKF TRy Z Y 72T,
IEHEEHIX200WTHY ., REHEEIFXO. 008nm, s ThHdD, ZOFKLET
HEL7-Mg O TENLT 7 ARETHDD., BIRP»H300CETRES L
HEH, 300 CEBWT—ERMREEL T IZLICLY., BRfkshizMg O
BB EAHES,

W, ORBOBAKFEL LTIE, REBICORBRELIFETHREEZITOFH
B, ORBEZEPLEATIHIE, ORBOLLIRENLH ZITMET T X< 4L
BEXIZARBREREICIVBRILEITo TCHEIREDOXMRE THRET 2 HEOW
ThERAVTE BN,

b, REBOFREBIC L DBMIBEHBFERMC I, 2y &) 2R
11
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WTCTENLNT7 7 AMg OB LAERICT =— A QABIC X VERLT 272D, %
NIEERBY REBRALERNEWVWSIFENS B,

KIZ, AEPEOEMOTFREOERAICEL ZMEIBEAETIC OV TREESRL
DOHHAEITI., K1 11X, KREHADOEROFBEDOERFICT L2 TMREFDOHE
EERTIHTHY, M1 (B) KT THS, M1 1IRT LI, &E
ORI L 2MEKIEMBE I, LEEEROBEBIC L Z2BKIRFERET & FERIC,
BEE&EMg O, (001) »2Wik (00 1) FBREIELEN LLBREXRES
BeEMgO, (0<x<1) B5030WMAICRITONDIEEBE LT, TELT
7 AERIER &, BIZIECoFeBES501., 505 FAVERICEERD S,
TN T 7 RABEBEEES SR, FIAITEBER WA ANy Z Y T EE AW THER
TRETH D, BoNTEBESIE L OEROBEOEA LIZIERETH S,

W, T BT 7 AR @I DUV TR, #1213 FeCoB, FeCoBSi, FeCoBP, FeZr,
CoZr R EZANDH I LB TED, £, FFEERLERIIT=—VAEEHET
CEBBBDOT ENT 7 AMEEENTONL D VIXEEMICHERELTIHERD
B, THIEE o TMREENKEL LT HZ LiIERV, LERl-2T, ZDX>
R LT EAN T 7 RAEEEEZEMBIZAWVWT HEDRY,

PAb, REMBOFREIZ X AHMKIBHIFETFICOWTEHBA LS, AEHIZZINS
WHIBEND HO TRV, ZOfl, HasDEE, R, MAGbERFERZ
LITEEEFICEHATHS I, FIAIE, MgORBICBMRERMBEZEATLINRDVIC,
FIZIECaRS 2 N—FEUr I TH5ZL TR RAVBEORIZAET L HESL
AWTbHRW, £, Mg OEBOHERE FIEL LT, BFE—LAEBFEXITA Y
YU TEEMMC U CHALERS, TOMOHEFELEAFECHD Z LIEE D
ETHRY, ¥, BEELOATFBIL., FAIAITMIBELZEALRZWESITBWT,
W10 °PallTOEEZEL., —F. BELZHEEBWICEATLISESTH, 10
AP aBECHEERT,

EEZE E OFI A T aEtE
AEFIC LT RO TMRBEFICHSTRERBRIENE/D B8 TE,

TMREFOHNEEZ REL THIENTE, O TMREFOEWHRMBELMR
12

WD EX1002
Western Digital v IP Bridge
Page 72



WO 2005/088745 PCT/JP2005/004720

AMIZEBRIEIRFICT A LN TE D, o T, TMRETZHAWEMRAM
DEEFBIEBPBEBICRDEVWSF RPN DD, MRAMD B IEIFEENBRERDHK 2
fFlicmbEL, ¥y PEROBEHEEFEMR AMIZET 5,

13

WD EX1002
Western Digital v IP Bridge
Page 73



WO 2005/088745 PCT/JP2005/004720

sER O HIHE
1. Mo RNVEERB L, Z P RNVEEBOE 1 HAIIER INZBCCHEE

EETHELOHRBEREL, IR bR NVEERBOE 2EANCER SNTZBC
CHEEZETHIE2OBMMEEB L. 2B T 2HK MU RALVESEEEH .

BIEE P U RAVEEEEE S, BEEMeg O, (001) 50k (00 1) FRE
PEEREERALEZERMg O, (0<x<1) BICXOBEENRL TSI L2
e T HMRIESHETF.

2. MgO (001) b2 b RIVEERBL, FM XLVEEBOFE1E
BlicERENTZFe (001) »b725% 1 OMEBIERRE L. BIFE F o RABEEE
BOE2EHBMICERSNZFe (001) N3 20MBEEBL., 287
DR bR NEBESEE WA

BTEEMg O (00 1) B, EfAMegO, (001) DWWk (001) #
RRESEERR LEHEMg O, (0<x<1) BIZXVEEREL TSI L
R E T HAMKIERE T,

3. MgO (001) oRBDM XNVEBEREEL, RN RNAVEERBOE 1
AR SN F e ¥72IXBCCHEELH TOF e REL&DHERERL (001) B
FiE (001) FREIEEREMLESZSHERENLRLE 1 OWMBEMEERE &,
BIFE h o RABEEOE 2HAICEK ENTCF e ¥72idBCCHEEEZHF T 5F e
REEDOERFERE (001) BExiZx (001) BREAELEERR LSRR EN
LARBE2ORBMAB L. FETAMA N RAEABEL R, B R
EEEEAY, BEEMgO, (001) 3 WX (00 1) EEISELEMLE
ZREEMeg O, (0<x<1) BILIXOVBEREINTWIREIIERFTFTHo T,

BIfE P R NVBEBOLEF TwmeE ., AIBE 1 XIFE 205 b0l & b—
FORBMEEBO 7 =V I L ORMORERE (FrFJLVEEOERS) %,
MgO (001) BREESREFRZTHIEASITBITHIHEHBENREI D HEI L
el L B E T HIHMRIERET.

4. PFURNVEERBL, R RNVEERBOE 1 EANCERSNIZB C CHEE
14

WD

EX1002

Western Digital v IP Bridge

Page 74



WO 2005/088745 PCT/JP2005/004720

EEHETHE 1 OWMBMERB L, BIR M RXVEEBOE 2HEANCERINZBC
CHEEZHEITIE20RMEEEL. 2ATHMKI N RLVESBEEHL. &%
M RIVEBERENEFZEEMgO (001) 50k (00 1) #FEdEmENELER
L2 EMg OBICE VERIN TV OIMEENFET Th o T,

HIfE P R NVEEROEEF TmE ., RIRE LXEFE20 bbb tbn
fﬂﬁ“f@%@ﬁ@%@?i”iﬁﬁ&\@%@TLﬁﬁ(F/ZWﬁ D
5) . MgO (001) BRELAEERTHBBAICH T HEBEAEL D
bR L Z L 2L T 2RISR T,

5. HIERERMEIX. 0. 2~0. 5 e VOHENTHIZ L& BML 55
Z‘ZOD%BI%SIEX&i%AlIEk“E%Z@E{Q KPR T,

6. HIEEREFHFEMEIZ. 0. 10~0. 85 e VOEFHNTHAI L 2445l 3+
AEROHEBEEIENIIE 4EICTEROBMEIERSEF,
7 . 1ODRF L PREE, BFFUPREOARE LTHWLNLAEROE

FE1ENOE6EETOVTAL 1 EICEREHEOMKIENET &

H T HEET.

8. HEWREEMITLITEREL.

HEREICE1IDF e ¥ IIBCCHEELF T5F e REGDOEFKHE(00 1)
BEiX (001) BEEIELRER LEZERELHE T I IR,

BB 1DF e £XBCCHEELZFTH5FeREE€D (001) Bliz, B
MEMgO, (001) 30X (00 1) EREIELEEH LZEZHEMe O,
(0<x<1) PORD P RNEEBLTEEETICBWNWTCHET I LEL.
EMFRNVEBERB EICE2DOF e $7IIBCCHEEEZTTAF e REEDER
fm (001) BE7iE (001) BEEAERERLASRERBEERT S TE
&

EEHITOHILE/REBE T IRKIERETORESE,

9. HFEEMgO, (001) 2V (00 1) FREIELEERMLESE
EMgO, (0<x<1) »oROERETZERBTLIHELILEL.

HEBREICE1DF e EIXIBCCHELZF TO2F e RE®DERKH(00 1)

BEE (001) EREmAELERR LAELERBELHBEL., RO T, Mitko
15

WD EX1002
Western Digital v IP Bridge
Page 75



WO 2005/088745 PCT/JP2005/004720

TeODT =—VETOE2TLTREL,

MEEFE1DF e EXBCCHBELZFATOF e REE&D (00 1) BLITHE
mMgO, (001) H35WiL (00 1) BREEIELEERLAEZZFEREMz O, (0
<x<1) b P RVEBEEBZESEZETICBWTHET IHEITLRLE.

FEPRNVEEBECE2OF e X BCCHEEEZFTAIF e RESDER
g (001) BEEIZX (001) BREIMMESRERMLESHEEBERRT DE 4
THEE
EHTHIEEEHE T AIRKENETOREHIE,

10. RIMEFELIIERL:F2IRLEOMIC. BFEEMg0,(001) 5L (0
01) WHENELEEMLESZHEEMgO, (0<x<1) b2 —FE%
RETH IREZAETHILEHRE T2 ROMEHEASE 8 THXIXE O HIZRHRH OB
SERETFOREFE,

11. #imEFEEMgz0, (001) DI (00 1) FHEEASELER L
ZEEMg O, (0<x<1) HRD P FNVEEBLERT DI TEFIC. M
g0, DxEE2HABTITEZELIL2FEETHAFBROMBHEFESENUIE 9
EICRRBOBKIERRTORE S,

12, ERzEHREITLIIEE.

HEREIZE 1 DF e FIIBCCHEEEZFTOF e RASDEFBE(00 1)
BE/=ix (00 1) EEmEmNELEN L ERABEHET LI ITRL.

AEEFE 1 DF e ELIEIBCCHBELF ITDH5FeREa4®D (001) BLicT=E
NTF7FAMgORBEFER L. 7T=— X VZRTEALT 7 AMg OB ZfE&E{LL
THBEEMgO, (001) H3WE (00 1) MEBEAELEEELESESM
g0, (0<x<1) OB RNVEREEBZFERTDIIEL,

U RAEEEE LICE 2 0OF e ¥$7213B C |
CHEZHETAF e RALDOHERKERE (001) BELIZ (001) HREIEE
Bl LeEiEaEE R T2 ITE L
EHETHIEEEEME TOAMSIERRTORESE,

13. EIRT7TEALTZ7F AMgORBER Sy Z Y U 7EICEIY, MgO, D xEE

REFHOZ—TFy PERWTHRE T Z L 2MFEE T 5@ ROE@EMAE 1 2 HIC
16

WD EX1002
Western Digital v IP Bridge
Page 76



WO 2005/088745 PCT/JP2005/004720

R OBKIEE T RS &,

14. BIRETELT77 AMgOZERTDIITEFIC, MgO, DxEEZHETS
TREZETC L 2EMETHHROBES 1 2 BICEROBRIBNET 0SS
%,

15. bFPrrrEEBL ZMNRVEERBOE1BAKEBREINEZTELT 5
AR EP L2 D5 1 ORBIEERE & BTRE b RAVEEE O F 2 mANCTE R
ENETENT 7 ARBEESENPLRDE 2 OMBHEEB L., 2B TSI X
NESEE T Z.

BEE bR VEBEEES, BERERAMeg O, (001) 30k (00 1) f&EE
AESEER LS REEMe O, (0<x<1) BIEIVEBRISNTVDI & i
LT HHMEIRPIE T
16. FIREMC RABEBOLEE THE BERE1IXXIEE2D bR b

— OB HEEREBO 7 2 VI L, OMOTRESE (M RVEEDRX)
., MgO (001) BRRERERKETHIESITBIT2EBEMREL Y LI
L7l Lz e T8 ROBHEE 1 5 BICEROBIIERE T
17. bFrRVEBERBE ZMRNVEREBOE 1 BRACERENZTELT 7
ARMHEAEPDRDE 1 OMBHEERE L. B M X AEEER O F 2 mAlC AL
ENETENT 7 ABEESENLRDE2O0MBHEEB L., 28 T5BK >
NEABEFHEA. B P RAEEER, BEEEMgO (001) 50X (0
01) FEmEMPELEENLEZHEMg ORBICK VRSN TV IEKIEIIET
TH-o T,

BIEE P U RVEEBEBOGRER THE . MRE L XEE20 > bbb tbn
TP —FOBBERBEDO 7 = VI AL, OFMOTERE (PR AVEEDOR
) . MgO (001) BREEREFR THLIBEICBIT2EBNRMELY
BIEL Lz & 2L T 5 MRIEHET.

18. BIEARERMEIX, 0. 2~0. 5 e VOHENTHI I LEHHLT55
SROSHEE 1 6 EXIIE 1 7 HIZREROMEIERE T,

19. BIEARERMEIZ. 0. 10~0. 85 e VOHKIEHNTHD Z L& iEME 5

SERkOSEE1 6EXIZIE 1 7THICEHOBKIERETF.
17

il

WD EX1002
Western Digital v IP Bridge
Page 77



WO 2005/088745 PCT/JP2005/004720

20. 12D PREE EFNITUPREOARKLE LTHAVWOI S RO
FE 1 5EPLE1 9EE TOVTN 1 IBCRHOBMKIERSET &

=R HRESET.

21. HERz¥ETIIREL,

BREREICTELNT 7 ABEEENDORIE 1 OBRBEARBEHET A TRES.
FAE L OBBERE LICTEALT 7 AMg ORBEFRL, T=—NICLVET
ENT 7y AMg OB MRt L THEMEREMgO, (001) Bk (00 1)
FERE B LS EaMeg O, (0<x<1) »HR5 M RAEERES
T H2ITRE.

% UFRNVEBER BICT AT 7 AEAS SN DR D EE 2 OIMBMEERS & HERE
T 5T

EETHIEEHHRE T OMKIERSETORESE,

2 2. HiREFESEMgO, (001) 3vWE (00 1) HREREAELE ML
%%%Mgox(o<x<1)#B&é%y%wﬁﬁg%%&?élﬁ¢m\2
Ry ZHEICEOIMg O, D xBEEZRAEEFLOXZ —F vy NERAWTHET 3
TLEBEETAEROHESE 2 1 BICRBEOMKIENSEFOoME A,

18

WD EX1002
Western Digital v IP Bridge
Page 78



WO 2005/088745 PCT/JP2005/004720

X1 (A)
Fe
<
()]
uy —
w
/7
H
[001] A H]
=1 (B)

5—~+ Fe(0O1) *

3~ MgO(001)

11—+ Fe(001)

1/10

WD EX1002
Western Digital v IP Bridge
Page 79



WO 2005/088745 PCT/JP2005/004720

2 (A)
Z—~—15 Mgo(001)
S—FE
MgO(00 1)E: 4R 4A~—11
2 (B)
F ——JL(350°C)
4~— 17 Fe(001 ) FEPEIE
3—~——15 (50nm)
A~11
2 (C)
F~—— 21 Mg0(001 )\ T7[E
17 (2nm)
3+~—15
4A~—11
2 (D)

T—~——25 CoE(10nm)

4+~——23 Fe(001).LEEIT
421 (10nm)

H~—17

+—~——15

—~—11

2/10

WD EX1002
Western Digital v IP Bridge
Page 80



WO 2005/088745 PCT/JP2005/004720

X3 (A)

3 (B)

3/10

WD EX1002
Western Digital v IP Bridge
Page 81



WO 2005/088745 PCT/JP2005/004720

4
4.0X10_8 T T T T T T N- T T T LE— | T T
3.0x10°8 N 5= =22 (1.0X10 9 Torr) -
- [1: MgO depo.(6X10°Torr)
g J
o 2.0x10® | P1 ,
1 _ /
xR 8 IN (@ O_
1.0x10 5 _
o » 3
= = a
0-0 n i U. 1 I ] 1 1 i
10 20 30 40 50 60 70 80
BEE#H
Mass AT KJL
25
7.0x10°8 ————r——————1——
6.0x1078 - -
 50x1078rF J
S
©
— 4.0x1078} .
.
HH 3.0x10®t .
SN
20x1078 | -
1.0x1078 | -
0.0 E T S PR AU S S S T | bl 2 PR B i1 [ B ) PRt
0.0 05 1.0 1.5 2.0 2.5
HEREEE(A/s)
MgOZRERDEEE 7T
4/10

WD EX1002
Western Digital v IP Bridge
Page 82



WO 2005/088745

X6
6500
6000
5500

~. 5000

£

o

S 4500

Eg 4000

=

b 3500
3000
2500
2000

PCT/JP2005/004720

T

DC

—&— 7=20K N
MR=146 %

—O— 7=293K
MR=88% -

BESR [ mT ]

5/10

WD EX1002
Western Digital v IP Bridge
Page 83



WO 2005/088745 PCT/JP2005/004720

K7 (A)

90 T T T T T T T T T T T T

80 |-
7=293K
70
60

50

40

MR ratio (%)
HIN pozijewLioN

30
20
10

0 PR N JENUR YOS SN SN SUN W S JUU T P TS W S SN SN TUN SHN S R S 0 0
—1000 =500 0 500 1000 )

INATRXAEBE V(mV)

X7 (B)

400 —m—m—m—m—m———r————————————————

7=293K
300 -

200 .

Vout( mV)

100 ]

-1000 -500 0 500 1000
INATREE V(imV)

6/10

WD EX1002
Western Digital v IP Bridge
Page 84



WO 2005/088745 PCT/JP2005/004720

X8 (A)
BB < l S
GREESE) T (81c¥mn
- »
X8 (B)
«
»
7/10

WD EX1002
Western Digital v IP Bridge
Page 85



WO 2005/088745 PCT/JP2005/004720

E9 (A)

Ewhif BL

9 (B)
J—F#E WL
Ewhig BL T
- TMREF
—-
o——“ MOS FET
9 (C)

EwhE BL
—

}TMR;%% -~ 117
—

i\
Ev115 100

113
GND WL [ 111 /
103 —~¢ o J \_ n {105
P 101
MOSFET 100
8/10

WD EX1002
Western Digital v IP Bridge
Page 86



WO 2005/088745

=10

“
Gbit-MRAMI A ERAFIE  ,o*°

¥
-
.

N\

HEEEITMREFDEHE

.
'L
----“II

RS IEH
I\

ul
R
o,

*
-
L d
«
L3
L
-
~
‘.
-
“a,
'..

7

&

PCT/JP2005/004720

0

\

COEHE = HABE

9/10

EImEE

WD EX1002
Western Digital v IP Bridge
Page 87



WO 2005/088745

X 11

PCT/JP2005/004720

CoFeB 1T\ 505

MgO(001) 503

CoFeB 1501
10/10

WD EX1002
Western Digital v IP Bridge
Page 88



INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2005/004720

A. CLASSIFICATION OF SUBJECT MATTER
Int.Cl” HO01L43/08, HO1lF10/32, HO01L27/105, 43/10, 43/12

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED
Minimum documentation searched (classification system followed by classification symbols)

Int.C1” HO01L43/08, HO1F10/32, HO01L27/105, 43/10, 43/12

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Toroku Koho 1996-2005
Kokai Jitsuyo Shinan Koho 1871-2005 Torcku Jitsuyo Shinan Koho 1894-2005

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
Science Citation Index Expanded (Web of Science)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2003-318465 A (National Institute of 1,2,8-10
Y Advanced Industrial Science and Technology), 3-7,11,15-20
A 07 November, 2003 (07.11.03), 12-14,21,22
Full text
& WO 2002/099905 Al & US 2004/318465 Al
& EP 1351942 Al
Y JP 2002-204004 A (Toshiba Corp.), 3-7,11,15-20
A 19 July, 2002 (19.07.02), 12-14,21,22
Par. No. [0035]
(Family: none)
Y JP 2002-289943 A (Toshiba Corp.), 3-7,11,15-20
A 04 October, 2002 (04.10.02), 12-14,21,22
Par. No. [0059]
(Family: none)
Further documents are listed in the continuation of Box C. Ij See patent family annex.
* Special categories of cited documents: “T” later document published after the intemational filing date or priority
“A”  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E”  earlier application or patent but published on or after the international “X”  document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y”  document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0”  document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination
“P”  document published prior to the international filing date but later than being obvious to a person skilled in the art
the priority date claimed “&”  document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
08 June, 2005 (08.06.05) 21 June, 2005 (21.06.05)
Name and mailing address of the ISA/ Authorized officer
Japanese Patent Office
Facsimile No. Telephone No.

Form PCT/ISA/210 (second sheet) {January 2004}

WD EX1002
Western Digital v IP Bridge
Page 89



INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2005/004720
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 2003-204010 A {Sony Corp.), 15-20
A 24 October, 2003 (24.10.03), 21,22
Par. Nos. [0029] to [0031]
& WO 2003/085750 Al
Form PCT/ISA/210 (continuation of second sheet) (January 2004)
WD EX1002

Western Digital v IP Bridge
Page 90



ERE Ry EEHESS PCT/JP2005.004720

A. RADETIHFONE (HRSFIE (IPC))
' IntCL7 HO1L43/08, HO1F10/32, HOIL27/105, 43/10, 43/12

B FAEE{To e DE

WBEEZToIo/MNREE (BEFHFLE (I1PC))
Int.CL7 HO1L43/08, HOI1F10/32, HO1L27/105, 43/10, 43/12

BAABRESUAOHEHS CHELITokAFREENEHD

BARAEEZAFEAS 1822—19964
HAEAEEASEAR 1971—20054
HAEEABERGAR 1996—20054
BARERBEAGRAR 1994—-20054

EERETEALEBF T —F R (F—FN—ROLH, FAECER LAE

Science Citation Index Expanded (Web of Science)

C. PBET3EBEDLADIM

3 HAXERD EhEY 5
HFTY —% m%iﬁ% &w~%®%mﬁ%§?5&%m\%@@ﬁ?é%ﬁ@%ﬁ SEROEHEOTBE
X JP 2003-318465 A (MSZATBUEAEERBAMEEHIZEET) 2003.11.07, | 1,2, 8-10,
Y 43C _ B 3-7, 11, 15-20
A & WO 2002/099905 Al & US 2004/318465 Al & EP 1391942 Al 12-14, 21,22
Y JP 2002-204004 A (BRNAFEHE) 2002.07.19, B¥% [003 5] | 3-7,11,15-20
A (77U L) : 12-14, 21, 22
Y JP 2002-289943 A (BkX&#EHE) 2002.10.04, B¥%% [0 05 9] | 3-7,11,15-20
A 1 (72U —7L) o | 12-14,21, 22
F CHIORES I b IRAFIE ST S, ‘ [ sy b7y Y —ET B REE SR,
* BIEAXMONFI) — : BB OBICAR S ISR
TA] BICBED H 2 MR, —BENTKELRYT [T1 ERHEE UL SICARSNIEXIRTH- T
% D : HIEEFET S b0 TRARL . BHORBEXEER
(E)| ERHEONOEEE ST THAN, EEMER OEEOIDIZIHT I LD
PgIcARSAE LD [X} BB D H 5 R TH > T, SELROL TR
TL) B ERIc Rt T IR 5 ORI O SCR O R1T OFBYE TSR RN EZBNE b D
B3 UL MoK 2 mAa s M 5208 BT 1Y) BICBE#EOH 5 XM TH > T SRR & o 1 2L
A3ER (EAREMY) _ Lo ED, BEFIZLSoTEHHTHIHEEEID
0} REIEZER, HE. BRECERT3XH  FoTESEMARVLEEZLRELO
[P EEHERT, »oEEECTROERLZIHE & A—1FY 7y I Y —X@
EEREEET LA ERREREORER ~ ,
6 08. 06. 2005 o 2‘[.6, 2005
ERAESE 04 TR Tk ‘ | mEEEET EROLBIGR) 4aM | 3349
AREHFT (1SA/JP) R B
H{EHZ100—-8915
HESTRAREREZTH4E3E EERE 03—3581—1101 PR 3462

BXXPCT/ISA/210 (22— (2004414

WD EX1002
Western Digital v IP Bridge
Page 91



EETEmS EEHESS PCT.JP2005°004720

C (X)) . BEETILEDLNDI
Bl H XD BHiE4 3
AT Y —x% SIAxtSE RU—SOSESEES S & X3, XOBEET EH0ERT FEROFTEHOES
Y JP 2003-204010 A (¥ =—#k£%E) 2003.10.24, BB [002 9] | 15-20
A — [0o031] 121,22

& WO 2003/085750 Al

HMRAPCT/ISA/ 210 (E2—T0fFEE) (20044%145H)
WD EX1002

Western Digital v IP Bridge
Page 92



Document made available under the
Patent Cooperation Treaty (PCT)

International application number: PCT/JP05/004720

International filing date: 10 March 2005 (10.03.2005)
Document type: Certified copy of priority document
Document details: Country/Office: JP

Number: 2004-313350

Filing date: 28 October 2004 (28.10.2004)

Date of receipt at the International Bureau: 31 March 2005 (31.03.2005)

Remark: Priority document submitted or transmitted to the International Bureau in
compliance with Rule 17.1(a) or (b)

World Intellectual Property Organization (WIPO) - Geneva, Switzerland
Organisation Mondiale de la Propriété Intellectuelle (OMPI) - Geneve, Suisse

WD EX1002
Western Digital v IP Bridge
Page 93



PCT/UP 200%,/004720

10. 3.2005
H ® E ¥ & 7

JAPAN PATENT OFFICE

Jﬁﬁﬁ@iﬁmﬁﬁéhfwaéﬁiT@@mﬁiﬁkﬁﬁémf
u:%%lﬁ&[‘} ThHhiLZERIEHET S

This is to certify that the annexed is a true copy of the following apphcauon as filed
with this Office.

B OB £ A H
Date of Application: 20044 10A28H

B OB F 7 _

Application Number: FE2004 313350
[ST. 10/C] : [JP2004—-313350]
B e RILITEOE MR
PP ' PR ST AT Bk N B SE BT AR S W SR T

20054 2H21H

tua -l AN 1

Japan Patent Office

HiEEFEST WA 2005—-3012945

WD EX1002
Western Digital v IP Bridge

Page 94



[E3E4]
[E5]
[#2H)
[ TH)
[EBsrRr53E]
[ZEREE]

[ i3 ERT)

(v |
[HFRF i FE A
[F271E 5]
[ 4 x4 k]
€= PN |
[FEES]
[ER4 i34 #rk)
[4CEA])
[FE5])
[FE 1]
[E4 X342 HR)
B L7 A)
RRpEZ]
Cigitam
[F4 X2 4%]
B L8 A)
[FA%E=]
[ 1]
[ﬁ%lfi % BJ\]
BELMHEA)
[FBAEE]
[FE-1]
[E4 334 FR)
(& 5]

%FE2004—-313350

FETIE

P04-1160
“FRE164£10H 28 H
BHFTEE B
HOIL 43/00

FWEROCEFWHR 1 — 1 — 1 MYATBUEANEERAH EHI7ET

o2k Xy —H
B WG

503360115
BRSLAT BUE NFHEBAR IS

301021533
FRILAT BUIE N ESE BT & ST FEmT

100091096
AR S
100105463
BE =5
100102576
L g
100108394

S fE—
Y

[FeD MEEIZ 30 < Bk E£R]

[HEEE 5]
[HEH]
[F8ck 0 FR])
[F&siRES]
[t 4]
(R4 B §7)
4]
[¥4a]
[Wr142]
[ik4]

HFFE2004- 71186
“FRkl64E 3A12H

015244
16, 000H

FrRTR R OEH 1
BE 1

Mm 1

BmE 1

HEERF2005—3012945

WD EX1002
Western Digital v IP Bridge

Page 95



¥FE2004—313350 N= 1/

g [(FHE] FErmROEHE
(&

RIE 1]

FURVEEREL, SN URAVEBBOE IEMICHERESN-BCCHREEZETAE 1
DBUEFEE., IR P A VEEBEBOE 2HEICER EN-BCCEELETLE2D
RHAE L, 2ETHIHMA N U ANVESEETH - T,

B P Y ANVEEEREA, HEEEMgOx (100) »50wiE (10 0) FHEEIELR
ML7ZHEMgOx (0<x<1) BIZIVEEINTVWEZ L 2HEE T 2EEN
EFo
[FE5kiE 2]

MgO (100) »oha A VEEBLE, P AVEEEOSE I EHMIZEREN
72Fe (100) 2202281 0MEEARBE, I A VEEBOE 2 EEICER S
N/zFe (100) »oh2520MBHAERBL., 2HILHMR N INVESHBETH
<. ‘

BIEEM g Of@4%, BERMgOx (100) »2Wwid (1 00) FHREEISELRERA L
ZHERMg0x (0<x<1) BRIVEEREINTWVS I LEHEMLTIHAERETS
[EEkmE 3]

MgO (100) 623 A NVEERBL, ZMAVEEBOSE 1EAICERS N
7oFeF/iIBCCHEE2ETLIF e REEDERESE (100) BE2E (100) &S
EPESLRE L -SEEBrL 258 1 OMBEARB L., Bt b Y AIVEEBR O 2 T
R ENF e ¥/ 3BCCHELETAF e REL0HES (100) B2t (1
00) HEREVELXRE L - ZREBIOZLIE20MBHMERB L., 2B TAHE N5
NVEESBETH > T,

BIEEMgO (100) BoZEFTmLAHFe (100) BO7 2 VI¥EDOHEOR
ERE (P ANVEEOES) PHEBERICBITAEENZELI D DEI LS & 288 L
T 5 MEENET-

[FEskIE 4]

RIRLAERREIZ. 0. 2~0. 5 e VOHIBEIANTH A Z L 2L 3 555KHE 3 IZFEH
DRRIEEF -

[5kES5]

HEAERMEIX. 0. 10~0. 85 e VOHHEHNTHAL I L 2EM a8 RkEI I
EHOMSIEIET-

FERIEG ]

1200 NS VIPARAFE, BEPSUVIUAITDAMELTHVOLONAERE1I2S55FTTO
WERP 1 BICEHROMAKERZEF &

EHETARERT.

[G5kE 7]

EWrEHRTHITREE,

FERFICE1IDOF e T3 BCCHELATAIF e RESCOHFER (100) BF 7
i (100) BREEITEERENL-EELBLHEETLITRELE,

HEHE1IDF eI /mEBCCHEELZETAEFeRE4D (100) BLiz, BEEMg
Ox (100) 2wz (100) FHREIEBEEALZEEZMeO: (0<x<1)
MmHhb N ANVEEBYSEETICBWIHERE TSI IREL,

SN UANEERBLICE2OF e ¥/ BCCRELZATAF e RA440HER (10
0) BE/id (100) BEESEEERL-SZHEEBERKT I TR
EHTAHI LR E T AMKENETOREE R,

[FEk1E Q]

HEABMgOx (100) »5wid (100) BEEIFTEELEEBHNL-EEEMg 0« (
0<x<1) »oRsERTERFTEELITEL,

HEREICE1IDF e /-3 BCCHEETZETAF e RAEEOERER (100) BE
2 (100) BEEIFEELERERL-ZHEERBLERL, ROT, ER{koZOOT7T=—

HEE¥F2005—-3012945

WD EX1002
Western Digital v IP Bridge
Page 96



%MB2004—-313350 NR—= 2/

EFITOE2TRE,

HHEIDFe F/-IIBCCHEEZATAHFeRE4D (100) BLICHEFEZMgO
x (100) 5wk (100) BEEISEBLEERLZSEHEEMgO0x (0<x<1) 2
LA M ANVEERBTEEETICBWCHERT AE3TEL,

MM UANVEEBLIIE2DF e ¥7-IZBCCHERZATAHIF e RASDHEESR (10
0) BE/-12 (100) BREEITEBEEAL-ZERBEERIIELTREL
PETAHIEEEHRET ARKIERETOHEEFE,

[55k1E 9 )

BIEE 1 TRELE2TELOBIC, BEEMgOx (100) 2wk (100) &
HEABERMLA-EZHEEMe0x (0<x<1) »biAY—FBEZHRETAILEZET
B EHRIEHMETAERIET XNIZ S CEBOMAIEBHZEFOEE T,

[B°kE 1 0]

WMREEREMgOx (100) »50iE (100) BEEFELERNLZEZHEZEMgO
2 (0<x<1) o625+ rAVEBBZERTZIEFRIC, MgOx OxE®FHET
HZIREECI LB ETHRERET7 T 8 ICHRHROBAEINEZETOREE .

FEkIE 1 1]

EREFEMTLTREL.

FEBREICE1IDOF e T/ IBCCHEELXETLF e RESDHEESR (100) BEA
3 (100) BREEFPELEREL-ZERBTHBETLITEL,

BEE1DPF e T/ IIBCCHEEZATAIFeRE44€D (100) BLIZTELT 7 A
MgORB%R2FHRL., 7T=—VICLIVET7TEN 77 AMg OB EEIL L TEESEMg O«
(100) 2wiF (100) BEEIELERALZEHEZEMg0x (0<x<1) b
5 M RINVEERBETRERT A LIEL,

BPANVEEBLRICE2DF e £ 3BCCHEEL2AETAF e REEDEESE (10
0) BE/Aix (100) BEEFSELERML-LHESBLEK T2 TEL
EEHETAZEEEEETARSERZETO&EEN .

[EkE1 2]

WET7TELV T 7T AMgc OBE2 ANy F 1 U 7EICI)D, MgOx OxETTABEEBEADSY
=y PERVTHBE T2 L2 BMETLAHERE] 1 CRROBKIEREZETFOEEHE

[FFk=E 1 3]

BR7ENT77 AMg O%BRTALEHRIZ, MgOx OxE*FAERTLZITELEL S
EREBMETAREREL 1 CRBROBKIBENETOHETE.

[FEk1E1 4]

PUAVEERE, M UANVEBEBOS 1 HAICERENTZTENT 7 ABEEED
LRAE1IDOBBEREL, ML »ANVEERBROE 2HEMIIBR INALTENT 7 A
BEEPLRDE2DBBHEB L, 25 THHMA N A NVEAHEETH - T,

RIS b VA VEEEEDS, HESEMegOx (100) 50wk (100) FHaEFELER
ML EEMg0x (0<x<1) BRIVEBERENTVWSEZ LEEHLTIHMKIER
?é?o
[EkE15]

MgO (100) 226%2 R IVEBERL, FMUVRANVEBERBOE 1 HANICERS N
2T ENT 7 ATBEEEPL 255 1 OBBEARB L, BIRE M X AVEREROSE 2 EEIS
TR ENTTENT 7 AEEEEP LR IE2OMBERB L. THTAHHMRA DV R VE
EHEETH - T,

MEMgO (100) BOREFTHMERRTEN 7 7 ARBEESENLRLE 1 IS
2 DBHBMBARBRLEO 7 2 VIENOMORERE (F AVEEOES) »EERICBI
LHEMAEL Y L& LT & 3% T 2MEIERETF.

[Ek1E1 6]

BISEAEREIZ, 0. 2~0. 5 e VOHPEINTH A L2 55 KE1 4 XX

HFEFF2005-3012945

WD EX1002
Western Digital v IP Bridge
Page 97



EFE2004—-313350 ~2—

e 1 5 IZFROBSIEIE T -

[FEkmE1 7]

BIEEAEREIE, 0. 10~0. 85 e VOHIHATH A T L &L 755 KEL 4
NiE 1 5 RO ETF.

[F5=Rk1E 1 8]

120 VPR E, FFTUVVRIOATELTHWOLNEHEKRKEL 4L 1 7=
TOWTNY 1 HICEROBRERET &

*ETAERET.

[55k1E 1 9]

HER A ERFTLHITRELE,

BZEREICTENT 7 AMBEEP O L HE 1 OMBBAERBRTHEETATIRE L,

HE1OMBEERBLEICTENV T 7 AMgOBERERL, 72— NICXVETENT 7
AMg OB EHERILLTHEERZMgO0x (100) »5wix (10 0) &RHEISEERT
L7-&#EE&Meg0x (0<x<1) 2643 2 VERBEZ2BERTLIIELE.

FZPUANVEBBERBEICTENT 7 AMEESEN OB AHE 2 OMBBABE EHET 5 TR
FETAHIEEEREYETAMRIERZETORE T E.

[FEkmE 2 0]

FIECEEEMegO0x (100) 50wid (100) BEEIFPELRALZZEEMg O
x (0<x<1) 6%% b RANVEEBYEKRTZ2TEFIEZ, ANy F ) X 7EICED
MgOx DxEE*FAEFADS —F v PEHWTHRET 2 Z & 258 E T 5RREIRET
DEEF S

3/E

<
.

HiEF2005—-3012945

WD EX1002
Western Digital v IP Bridge
Page 98



BEFE2004—313350 ~—T 1/

[E3EE] HHE

[(RBADER] MRIBHEFROTZOEEFHE

[F4tF 557 ]

[0001]

FEWIZ, MEEBREFRCZFOEEFECHL, HiX. BVWEAEKRT A T 2HAIE
MEFROZFOEEFECET %,

[ F 8]

[0002]

MRAM (Magnetoresistive Random Access Memory) (2. BHELHWVWLRTWAERESE
FTHLZDRAMIZR LA REBATEEZRTFTH . o, BRLFEREATIEL
TIHELBFFEER TN TB Y., Bl AMbitOMRAMYSY » TV R ISR/ wvw ) ERE
7b§%%0

[0003]

B8 i, MRAM®D.LEHETH S TMRETFOMEL, TOBERBEERIMTH 5,
M8 (A) iRT LI, TMREFICBWTIZ, B 25 %% b v A IVEEOTWHE %
MM ESE PO R AEIRVTEZO2OO0BHBICEINVHALZ I VA VEEEZE LTS,
FURVERERBE LTIE, TELVIZIFTADA L —OEFEHWLNLTWE CGEEHFXH 1S
) . 8 (A) WRT X, E10MBEERELE 2 OMMBEEIR L OO S
SEAT R FATHAL OB AT, P RAVEBEOREICBIT A2 EHRAFMICE T 2R FOESK
WMAPNEL B, —H, 8 (B) WRTIEIK, E1OHMBHEERELE 2 ORBREEHER
& DRBALO M & SPAT e AT b OBA 12, P A VEEOREICBIT 2 EHFHIC
BT 2EFTFOERERIKRELL R %, COEIER., —BUZRECTIIE/LET, EiiE
PEOPENPIZESHTER “17 . “07 & LTEEINS, Firi{b & KFETRAb
CEAERIIREEINL D, PMEREATVOERZEFLLTHWSLZ LI TE 5,

X9k, MRAMOERBEEM LRI THY, K9 (A) EMRAMOFHRAKTH b
.E9 (B) 3ERXWALEBEERERKTHY. M9 (C) F. BEFAE2 R IWHEXKTH 2,
B9 (A) IZRT I, MRAMIZBWTE 7 —FEWL LYY PIBL L% ET 3
IHICEBEEN, TERKIZMRAMELSEEBEEN TS, 9 (B) IKRTIHIT, 7
— FHE Y ML OTERICEBEIN/-MRAMEVIEZ, TMREFE, COTMRE
FLEAEREIN/-MOSFET:2HFLTHEY, BWERE LTEET A TMREFD
WHEAEMOSFETICEDSEARAZ LIZL D, BEBEBEHEZZAETIESTES, |
BEHRoEEHEZ I, 2. TMREFORIBOHIMICI VTSI Z LA TES, ®9

(C) ITFRT LS. MRAMXEY M, pEISIiEKI O IRCERSISNEZY —X
FEIH103EFVAVERIOBE, ZOBICBEEINSF ¥ A VEBICH LTERS L
P —PEM111E%AFTAMOSFET100&, TMREF117EE2HFHLTVS
o V—AFEH 103V —RAE®ER113%2NMLTCEHH (GND) Sh, FL A V4EE10
513, FLAYEMLI 15 TMREFELEENMLTE Y FEBLIKEHRENTWSE, 7 —
FHEWLIES— FEEL 1 1 LTHRLZWEHIBRICBWTEREINLTW S,

[0004])

DEISIHELA- L1, FEREEAEIMRAMIZ., 120OMOSFET100&TM
REFII17ERCIDIDODAEYELVERBTAILFETEL0, BEMLICEL
XEVEFEVIZLHNRTE L,

[0005]

[SE4%a3Cmk 1] D.Wang, et al.:Science 294 (2001) 1488.

[FZB D RR]
[BEEESHRHRL X 5 L § 2 5E]

[0006])
BROBHREZHWLZ EI2LD64Mb i t BEOMRAMZERTLIRBLIZTL > T
535, FRUEoOEERFEOL-DICIE, MRAMDOLEBEHTHAL2 TMREFOHFEE2 W L
REDBIVLENFDH D, i, TMREFOHDEEEZMEESEZ (121, MMREROEXELE

HFEERF2005—-3012945

WD EX1002
Western Digital v IP Bridge
Page 99



%FE2004—-313350 NR—= 2/

EFEMEOUEBEBOWMETLETHD, M1 0E, 7TEVTZ77RAAL1 —O0% P AVEREL L
RERFETMREFOMSIBOHMEBEEREIC L 282 R+ETHS (L1) - 101
AT LI, RETMREZEFIIBWTIE, BEEAIDNEL, BICEEZHNMT A Z &
2 X DS EEIC/NEL Z52EEPIALNSE, ZD X5 RIFETIE, BifEx—Y ¥
FEEBLILHBADEBEENINETEL 2D, EEOREEBEEZFICHWEOFNH LV, X ) EAKHN
Wik, BIROTMREZETFOBRTIEIIIHT0% L, F-HOBED 200 m VAT EEN
720, DRAMOHWOEREICHXTEEWICESTH D, EREL BT DIV EFTH/
AZCEBINTHABE R oTLEI L WIMERD 70

[000 7]

AREHIZ, TMRETICBIAIHINEEZKRELLTHILETEHME TS, 3HI1T, K&
TSR X Y, BECEMET A BEER MBI L EEMNET S,
[GREZRRT 5 7200 DFE]

[0008]

REFHO—FHEICINE, FPUAVEEBL, FMNAVEBERBOE 1 EHAKCER SN
7BCCHES2ETA2E LOMBEAREL., BIEE P Y AIVERERBOE 2 HEITER I L
BCCHEEBEZEITAFE2OMBEEEBL., 2FTAHIRA M VA VESHEHETH > T, B
MUARNVEEBERED, BEEMgOx (100) 50wk (100) ERESELERLZ
ZHEREMgOx (0<x<1) BICLOERSINTVE I LE2HHMETIRKIERETY
‘IS,

[00009]

F7. MgO (100) »o2n M AVEEREL, M RAIVEBEBOE 1 EHHICE
MEN/ZFe (100) »o%srE]1DBEBHEEL, RIS M AIVEERBOSE 2 AN
BERENIZFe (100) »oR2E20MBEERELE., 2HTA2HMA N AVESES
THoT, BiEEM g OEDs, HEEMgOx (100) 5wk (100) HEEHFES
BERLAZ#ERMg0x (0<x<1) BRIDVBREINTVWEZ L2 HHE T 2HAIE
MEFH»RMEENS, FIEEMgO (100) BOEFEEFETHLEFELFe (100) BO7Y
INVIZANF-OBOTREGRE (P ANVEESS) 2EBERCBITLAEIDDJIELIL
e EFHET S, LEEEBETHAVWS L, BRENPSEALTMREZFTFOHINEEZ XK
ELFTBILHNTER, 12DV IAFOAEME LT LEEBSEREFTHVS &,
NEHEEORBERFEZEET LI LI TE T,

[0010]

AFEHOMOBEICINE, EREEFTLITRE, ZERLICELIOFe (100)
BiHETAIRE, MEE10OFe (100) BECBTFE—LBEEICI VERZEM
gO0x (100) AT (100) HREISEBEEMLAZEHEEMgOx (0<x<1
) oA NV ANVEBEBYSESTICBNCHERETAITRESE., % by AIVERERE FICE
2OFe (100) BEEKRTATREEZFTAILZHHL T AMREMEFOREN
EFRE IS,

[0011]

T, BESEMgOx (100) $20wid (100) BEEIFELEML-ZKEEMg
Ox (0<x<1) »oLrEFR+EEFBTLEITEL, FERLEICE1IDFe (100
) BARHREL. XWT., BRIALD7-ODOT = —VETHIE2TEL. fifE1DFe (1
00) BLICEBFUEC—2EEEICIVEEREMgO0x (100) 50k (100) &5
HEABERALSHEEMg 0y (0<x<1) »o%25 M 2 VEEEBLYSHEEZETICS
WTHTETAEITEE, FrFFANVEEBLICEZ2DOFe (100) BEERITLE4L
TREAFTAILEEEMETIMRERZETOREFEIRMESNSL, ¥, WiEE LT
BLE2TELOBIC, BiESEMeg0x (100) 50w (1 00) ERHEAIELER
L7EEEMeg0x (0<x<1) 643 — FRYPHRETAITIESHFLTVWTHREWN
o F. BIRE7TENT7 7 AMgORB%. MgOx OxERHAEFEADY -7 v P2 HWT
EELTO DRV, ZOE, MIB7ENVT7 7 AMg O2BETAITEPIT, MgOx O x{E
PEELTHRE WV,

HEEE2005—-3012945

WD EX1002
Western Digital v IP Bridge
Page 100



¥E2004—-313350 R—= 3/

‘i’ [0012]

AFEHOSILIWHOBSICINT, MgO (100) »o%2APYAIVERERBLEL, b
VANVKEEEOE IEUICHEEKENTEN T 7 ABMEESEDP S 28 1 OREEERE &
CEIEFCANVEBEROEZ 2EHBMICHERENTENLT 7 ABEEEI O 2 58 2 O
BEHREL., 2HETAREAT YA VEAHEETHo T, AEMegO (100) BOEBEERT
W ERIERT BNV T 7 AREESEP O R I2EB 1IN IE20MBHERB LD 7 2 VI BADH
DOREHME (P A NVEEBEOES) 2HEEKICBITL2HEENZEI VIR LA LR
LT MBI ETINEMR IS,

[ZEBE 0% E]

[001 3]

REFEICINIE, HEOTMREFICHERTREZEBRER B LI LHFTE, TMR
FRTFOHRDNEEE*RELTHILFETEL, it>o T, TMREFETHWVWIZMRAMOE %
FEACDBEZII R B LI T ED 5,

(A EHT 2 7-ODREDE

[0014]

REHEZICBWTHWEERICBIT2 [BENZME) & 0HEIZ. BAETFTE
DEBRPOLERL-ETH S (W 0 W. Wulfhekel, et al.: Appl. Phys. Lett. 78
(2001) 509.) o TP X KRBT, BBERERLHETFRMBEIIT L A CECEERN 72 BiE
BMgOD MY ANVEED FRELE D) Z LI TE 5720, BENREL WS BELHY
726

[0015] ‘

EHOEBOBEBIZOWTHET LIRS, BHBOTo7ERICOVTHBPE2ITI I M
T ] OE&EEN (MR) ik, UToXTHEENS,

AR/Rp= (Rap—Rp) /Rp

ZZT,. RpRURapid. 2O00FMOBALIFIT L KFTOHED b ¥ A VERIK
MTHs:, JulliredBRNiZEhid, BNNA TREECBITAMREE, UTo X
HFEENG,

MRKE= (Rap—Rp)  Rp=2P1 P2, (1—P1P2) THYH,

Pa= (Da?t (Er) —Dal! (Er) ) ./ (Da?t (Er) +Dal (EF) . a=
1, 2 (1)

LEENDL,

[0016]

CIZT, Pald,. BEFOAEVYHBETHY, Dat (Er) EDe ) (Er) &ii.
FNFN, EBAE NN FELBAE YAV FOT7 2 VIZZVE— (EF) 2B %
JREEFE (Density of state:DOS) TH2, REEEBREERVS
EDAEVOREBIZO.56DTTHAE7D, JulliredARICEINE, HEdFVH
EMRIEELTT7TO%FFHEEINSG,

MTJ]EZF%27ENVIFADALI —OD I A NVEBELLREEEBE ZHVTERT S
L, BERTOMREBELTHTOBREVIEIBLNTWED, DRAMIEOHIIEET
H5200mVEBIORELL. EROIHIICMRAMERDMWTAMESR L 2o TV
%o

[0017]

FEHHEBE, BIL AT 7 208ER (100) 50w (100) SREIFEELERER
L72E#Ea&MegO% P R WVEEL LTHWEMT ] #BRETA7 70 —F2RATWVS
o RDTENT 7 ADT VI FEELIZELRY, BMMb~ 72 A3 (EF255E
ELLEFALAWE) THr20, BFFHELEINT, EFOoaze—L v FREFF V%
NVEBEOBWTRFEINLEIEFFHENDL, M1id, XEBEOBREBICIAMT ] EEFRE
E (M1 (B) ) &, BEHAEEETHSEFe (100) ORIV NV FiEEERT
MThoy., HHZEMD [100] AAKKKYTIE—Er OBEBZRIR (K1 (A) ) T
BB, M1 (B) IWRTIHIIC, REMOBEICIAIMT ] ZTHER, £10Fe (1

HEE#F2005—-3012945

WD EX1002
Western Digital v IP Bridge
Page 101



¥E2004—313350 NR—T 4/

e 00) Bl&,. #2DFe (100) Bk, CNHLOMICHRENT-EFEEMgO (1
00) Bdsrwiz (100) FHREIPELEEMLA-ZHEEMeg0x (0<x<1) B3 &
VEEHELTERENRTVWS, EBRJul lirenEFVcIind, EEBFOEXA S
LMP RN TORAFICBWTEFENS LT 2L, MgO%FEBRTE M RALVERIZ
FURVERICEELR AN BEREICHTAEEFIE) OEBNRI Mk 2ETHE
FAEEMICR S, M1 (A) ICRIT[100] (Fr—H) FAKBTAFeDIT A NVF—
NY FEICENE, 72 VIMNEr CBIT2IREEE (DOS) . SHAEY L%
AEYDY TN FETzNVIENEr CBWTREZELTWS D, FRIZEEVRE
BEREPRSE SV, LPLEEL, BFOI2e— 1> PRES M ALVEBREOBWTEE S
NAEAICIE, BECEEZBICEHLT M I VG L EESBEEEE T HEEEFOL
PIEEEEIBIC BT ZIRELEEL, HE52—FDO N VI NVEREFOI LI5S, M1 (A
) WWRT LD, EBACEUA LNV N (EH) P72 VIEMNEr CIREEZET S5
AEACEYAINYF (W) 72 VIEMEr KREZE L2V, TOXH%FeA
LSV FON=T XS VERIEFBICE D FEICRHUMREA T e LY b2 R Y R
FUANICBWTELNATEE DL, T¥F¥FF vl (BiESEH2WIE (100) &
MEZERE) OMTJiE, FrAVERFECBIL2EFOEELSHHFI &SNS /20, LD &
AT —V U MR P ANVEERTLAILODICERBENTH I EEZILONS,

[0018]

T, ZEBEOE 1 OEHOIBERL L AMIEMETRTFOEEFECODVWIKE %
ZRLOOHHHEZITI. K2 (A) »6K2 (D) T, AEHOEBOBEIZCISF
e (100) /MgO (100) /Fe (100) BEEAPEFTIREEREF OUT. T
Fe (100) /MgO (100) /Fe (100) MT]J] &35, ) o#ETEY
BRI THS, Fe (100) i, BCCHEEZETLHHMBEARATHZ, F9.
HEASMecO (100) W1 1%2%EL, MBEE (OFHEIEYFT—) 12X,
BHEASMeO (100) EF1 10ETOET7 40T — 5 WETAH-H, MgO (100
) V= FEB15%kET 5, EBHKELT. M1 (B) IZRTIEIHIC, 50 nmENTES X
¥ WVFe (100) THE®E (L1888 17%Mg0O (100) ¥y*—F@B15LIicE
BTEREL., XT, BEEZT (2X10-8Pa) BT, 350CT7=—1%
T9. M. EHEBFCBTA2EMAE. IEEESNS KV THD, REEEAO. 02n
m/ ., HERENFER (293K) . V—RE: LTI LEEHRWEAROMgO (Mgt
OLDEA1 1 1) 2V, V—REEREDERHE240cmEL, Ny ZF7F3I9YFD
ERENIX10 83 Pa, Q2 4FENF1X10" 8 PaThsd, M. {LEEZWHERD
MgO (MgkOEmlkds1l 1 1) b, ORBE2ETAV—REHHETEZLD
TEETH 5,

[0019])

B3 (A) I, ToBEDOFe (100) THE®R (B1EM) 17ORHEEDA X —
VERTHETH D, M3 (A) IZRTELIHIIE, Fe (100) TEHEE (BE18H 17
BREF2ERMEEFHEEE L TWAEI EERLTWS, RWT, M2 (C) IZR7T XD
2. 2omEOMg0O (100) NYTE21%Fe (100) THERE (E£18H 1
TEICERTIEYXI VY IVERET S, COBEL, MgODET Y —LBEEEZH W,
K3 (B) &, COBEOMg0O (100) NUFPEBZ21DORHEEDAXA—U%RTHT
Hb, @3 (B) IZRTIEHIIC, MgO (100) NUYUTE21DRIFLERELFHE
FHLTWALIEEZRLTWS,

[0020]

B2 (D) ZRT LI, Mg0O (100) NUTE21LEIC, ZRCESZ1IO0nm®
Fe (100) LHEBE®E (528 232FHLZ. EBRELT, 10 nmEZEDOCoE
25%Fe (100) LEEHR (28 23 LCHELNZ, CofE2513, LEEE
23DBFHEBTOLZILIZ I o TRFTRIAEBELEHRT L2000 TH S, RWT
. PEOERFAEEBAMTILCFe (100)  MgO (100) /Fe (100) M
TI]ZEF2BET 5,

HEERF2005—-3012945

WD EX1002
Western Digital v IP Bridge
Page 102



EE2004—-313350 = 5/

‘ii [0021]

FEHEEBICEIAMgOEEIZ. 10 P Torr DBEEZRETHRELZITo/Z, T D
FHETIEH, HAEFSAEREC3I 00 nmORBEEZToBETH. BBEHTH Y.,
BIF R BEEREFEREEN TR I & bd 5, M43, Mg OBRERICEB T2 WEEM
as SsARYZ PVOBBBREZFRIETHSL, MAITRT LI, ODARZ FIVP 1 E
Q2 DARYZ PP 2LICHETADERBVI LN bdrb, Mbid,. Mg OEFEFOEEE
SEOEBEERERELZRIETH S, M5IRTEIIC. BESEBERDPZVE NI
L. WREEELEDICEBESELE (RS2, 2 KiIX, MgODHREIRICBITAMg O
HESNS OMEZEOHRERETZLOTHY, MgOx (0. 9<x<1) oXHITE
FEREPECLTVWLTERENED S, BEREFELLEMgO M AVEEDS S AL
hlkEzzoh (FlziE, 0.10~0.85e V, X D EEMHICIZ0.2~0.5e VOFEHW) . T
WX, FANVBESTENTADIDOEEZONS, W, —BHLALl -0 MY RIVEEE
DFA. Fe (100) LOBOIANVEEDEIIE, 0. 7~2. 5eVEEXLN
Do TNICHLT, Mg OBSIZBAENL F A NVEBEDOSESIE3. 6eVThD, EE
BELTIZO0. 9~3. 7TeVOEPELNTWVWS, KEBOHEICX 2 HFETHAWVS &
0. 3eVEEDN M ANVEEDEIFHEESIN, N A IVEEBORKIEKI/LASTTETSH
L bbb, HL., FOMOER, FIZERED I -V e P A NVOEELREE
BLTWATREMRE D S, H. BBEXRBIZES(MgO: DxDfEL LTE. 0. 98<
x<1, IDFFLIE0. 99<x<1BETHY, MgHEADII RDbDIEIEENT
« Mg ODEEI/ERWITITERFEINLI2EHEETH 5,

[0022]

M6z, FEDHFEICIVEELZFe (100) “ Mg0O (100) /Fe (100
) MT J EZFoMBMZESEIBELET R IR TH %, BIEEE2 OKITBWTMRI 1
46%THYH, BERE293KIZBVWTMRIIZE S TH ol T{EIZ, HEETT
KERICBWTHELNZRDEVMRIETH S, ZOLI)LHE A MRILIZ, Fe (100
) BEBEOAY VABRICE - THBETAZLIETEY, LA, IE—V Y FZ2AY VR
MPRD) U ICHEETHEEZONSL, 16 0OMT ] EF2#SMEL-EE. MRILE
PUANVEBEL CETAIEISDOEFE. 20%LHNTHos MT ] 0BT H LERSE
BRETIOBULETH ol COIIRHVEIZ, K7 U —FOFEEZRELTWVS
o MTJ D#Hi—x ) 7f& (RA) 3, ZkQum? THH., ZOfEIF, MRAMIZHEL
f:'ﬁg'@&)%o

[0023]

B7 (a) iZ. Z2RICBITAIMREDNNA 7ABEKEREEZRIETH S, M7 (a)
WERT LI, MREDONS 7 RABEKRKGFEEEIDP R VEW L3025, FEXFR2EMEZ
RED, MRETERTAEEVh a1 t 131 250mVEVIFEFTICENEIELNT
Wb, W, ERDA1 —ORICBIIAIMREDERTAEEVL a1 £ 1 3300~600
mVTH»3b, M7 (b)) 1. MT]OHHEEV, v t 1& (=EXAT7ABBEX (Rap—
Rp) /Rap) #7R %, HHEBEV, v t DEEIZIENI TRIZBWT3IS0mVD
EFBELNT VWS, TOEIZ. Al—ONYT7OEADE (200mV) OH2EDET
Hb, ZDEHIC, MRIEELHDEBELOMEFTEWESE LN Lid, KREHOIZE
WX BHEWMOBREEZRL TV 5,

[0024]

M. EEREBOFEIZBVWTIE, BCCDFe (100) ZHWRED, bHIZBCC
DF eREe4E,. Hlz2iE. Fe—Cot4E€. Fe—Ni4&,. Fe—PthE€rHEAVIZ L
b TESE, HWiZFe (100) B&EMgO (100) Blomiz, 1EFBXERHEETF
BREECERDCo. NiZEEHEALTD BV,

[0025]

KT, ARADOE2 DEROTBEICL 2BEBNFZETFRTZOEEFEIIOWTHHEE.
790 REHOTREICLEFe (100)  MgO (100) “Fe (100) TMRZE
FOREEFETE, TTASY Y ZERZEIICIOIMg0 (100) 28T -37

HFERE2005—-3012945

WD EX1002
Western Digital v IP Bridge
Page 103



¥HE2004—-313350 NR—= 6/

ENT 7 RARETHERE L., FOBRICT—NVMESTH>Z LD (100) BEEEIER
MUZEERTIIEERET A2 E2E88E T, ANy &) r7EfE. flz i, BE
FER (293K) THY, F=F v peLTE24F4OMgOEfV, ArERAK
TNy F YV T RIiTo720 MEBEHIZ200WTHY, REEEIZO. 008 nm.”

STHbD, COEMTHBLI-MgOIERTENT 7 RRETHLD, ZRP5300T
FCHEEZLASE, 300CIEBVWT—EREREEZTAZLIICLD, HRbENAM
g O%EBELIEIFHES,

[0026]

M. ORBOEAFEE LTI, BRERICORBIELLZEGETHEEEZIT) HiE. OK
BEBPLEAT L HE, ORBODLZREP LA 2 ISHE 77 A< WE T HRE{LR
ElZEXDVBILE2IToTHABEDORBE TRETLIHFEDVTINEH VTS BV,

[002 7]

PlE, REBOEBIC L ZHMEERETFHEMNICINE, Ay Y Y FEEZHWTT E
N7 7 AMg OB LZHBC T — VAREBIZX VESILT 720, FRIEZERITPD %
BEEBEPULELZNEWVIFEAED S,

[0028]

RIT, REHOEMOTBEDOEELIC X 2WABEMEFICOVWTHER* S L 205 H
279 M1 1k, FEHOEROBEOERMAICLLIMT J DETHEZRIHTH D
L1 (B) IEHETAMTH D, M1 1ICRT I, REROFREIC X 2HAIEHRE
T, LEEMOBREBICIZHMAERET LA, BEEEMg0x (100) dr0niE
(100) MHREAELEM L-EBERELSFERMg0: (0<x<1) B50 3L
TRITONDZEBWRE LT, TENT 7 AlEES4E. PIZIECoFeBB501. 505
ERWIRICEESH B, TENT 7 ABBEESEIL. IR IEEEERIZ A Sy y Y ¥
FHEERCTRETETH 2, BONTHBRSEE 1 DEROTEREDOESLIZIZFAETD
%O

[0029])

M., TENMT 7 AEBEESEIIOWTIE, B 21F. FeCoB. FeCoBSi. FeCoBP. FeZr. CoZr
BEEHVAEIELTED,

[0030] _

Db, RERBOBEIC L 2BEAIEREFICOVTHBE L2, KEHIZZI NS ICHIES
NELDOTE LR, 20/, BLADOEFE, WE., #HAGHLEM e I L IdUFERICHE
Thb)o Plzid. MgOBICHEXRMEEATIZADLYIC, Al FCa®Sri F—F
VITBILETINUVANBEORGERFHESTLIHFERHVWTIR Y, /2, MgOEDH
BHEELT, BEFC—LA8EENRI Ay ¥ Y ZERFIC LTEBE L7225, F0ofto
WRREDBEHATETHLZILEIESIITL RV, I/~ BEZLOHER. fl2Il8mEr
EALZWESICBWT, #2108 PallTOELEL, —F., BEZHENITEA
THEETH, 10 PaEEOERYET,

[ EoF T aEHE])

[0031]

MRAMOHDEREI FEROHF 2BICEALEL, FTEY Y MEOBEEBEMR AMIZ#E
L2 E Lo TW 5,

[ =0 e o> f B 70 B EA ]

[003 2]

(1] ARHOE 1 DEHOBEICLIAMT JEFHE (M1 (B) ) &, WEk
HEBTHEFe (100) OZFINVF—NY FEELRINTHY ., HEZEHD [
100] AT HE—Er OMBAEEZTFTE (M1 (A) ) TH5B,

[K2] M2 (A) »5E2 (D) TR, ARHEOEHDOHEICLSFe (100
) /MgO (100) /Fe (100) ¥EErHETIRIEREZET (UT. [Fe (
100) /MgO (100) /Fe (100) MTJ] &% ¥§5, ) OHEEBETELE
KPR ITETH 5,

B2 005—-3012945

WD EX1002
Western Digital v IP Bridge
Page 104



P2 004—-313350 = 7/E

<
.

[®3] W3 (A) ¥, Fe (100) THEE (£18H) PRHEEDA A -
FRIETHD, B3 (B) I, coEOMgO (100) NUTEDORHEEDA
A=V ERTETH B,

[(K4] Mg ORERICBITLMEREM 2 s s A7 MVOBRHERERTECTH S

(5] Mg OBRBEFTOBRESEDOERBEERKEEZTRIHTD 5,
[6] Fe (100) /MgO (100) “Fe (100) MT JHZFOHuEFR
BEIERMEEZRIHTH 5,
(7] M7 (A) &, EREBITIMRIONS 7RAEEKFEERTHTH S,
7 (B) 3. MTJOHBHIERE V. v ¢t 1Z (=4 7ABEX (Rap—Rp) ~
Rap) 2RTEITH %,
[M8)] TMRETOHEEL., TOEMEEEEARIHTH 5,
[9] MRAMMDEAREEFANZRIETHY., M9 (A) EMRAMDOFEETD
., B9 (B) 3ERXMZEBRBEREKTHY, K9 (C) . BEf R ITWENT
HAbo
[M10)] 7EVZ77RAA Ll —0% by 2 VEEE L7-HRETMR ZEFOBSIER
DEVNEEIC L A2EZRITHTH 5,
[M11] REHOEHROEBOERFACLIAZMT J0ETHEEZRTRKTH., K
1 (B) X3 2HTH 5,
(455 o FiH]
[0033]
1-281DFe (100) B, 3--HEZEMgOx (100) 50wk (100) &
HEREERAL-ZEEMg0«B (0<x<1) . 5+E20Fe (100) B, 11
HEBMgOx (100) 50w (100) BEEIAEEENL-ZEEMg O &
WM (0<x<1)., 15--MgO (100) ¥Y*—F@, 17--TE¥¥%¥FxTvLFe (10
0) TERE®R (B18HE) . 21--MgOXNU7RE (100) . 23-+TE¥¥F L v )VF
e (100) L#EMR (E2FW) . 503 -HEEMgOx (001) 5wiF (00
1) BEBEESEEREMLZZHEEMg 0B (0<x<1) ., 50 1-7FENV7 7 AWM
PRIZE A THEE (B18HE) . 503 -MgONYTFB, 505--7ENT 7 A
BARICX 2 LHEE E2ER -

HIERF2005—-3012945

WD EX1002
Western Digital v IP Bridge
Page 105



¥fH2004—-313350 ~

(EHE4] M@

(1]
(A)
S
[13]
LULL
W
[100] A
B)

5+t Fe(100)

3~ MgO(100)

11—+ Fe(100)

[
M

1/

HEERE2005—3012945

WD EX1002

Western Digital v IP Bridge

Page 106



[2]

(A)

(B)

©

(D)

¥FE2004—-313350

A

—~——15 Meg0O(100)

MgO(100)E: 4%

S—KE

+—~——11

F=—JL(350°C)

H~——~ 17 Fe(100) FE3EIR

3~—15 (50nm)

—~11

~— 21 Mgo(100)/ Y78

LY

(2nm)

—~—17

+—~—15

—~—11

—~——25 CoB(10nm)

\

~— 23 Fe(100) L &3 E4E

\

—— 21 (10nm)

3\

—~—17

~—15

A}

4—~——11

H

ARF2005—3012

Western Digital

2/

945

WD EX1002
v IP Bridge
Page 107



4
%
.

¥FE2004—-313350 NR—=2 0 3/
(3]

(a)

(b)

HEEs$2005—3012945

WD EX1002
Western Digital v IP Bridge
Page 108



[54}

AEP(au)

[X5]

¥BE2004—-313350 = 4/

4.0x10°8 ——

3.0x1078

2.0x1078

1.0x10°8

7

0.0

SEP(au.)

/P1 '
O o
&)
& =
=
o X o
= = o
ln;lcl:;l

T ¥ T ¥ T T T ¥

PN‘/ Pz

B : BP.(1.0X10%Torr)
[ 1: MgO depo.(6X10%Torr)

20 30 40 50 60 70 80
BEEH
Mass ATk JL

7.0x1078

6.0x1078

5.0x1078 |
40x107°8
3.0x1078
2.0x1078 -

1.0x1078

P

PN S

i FENEE T S Y S St

0.0
0.0

0.5 1 1t0. - .1.5. 20 ’2.5
HEREERE(A/s)

MgOZEE P DEEFESE

CHEERF2005—-3012945

WD EX1002
Western Digital v IP Bridge
Page 109



4
4y

<
.

B2 004—-313350 N 5/

@ ..

6500 ——T——T————— T ]
6000 | Bias V=30 mV w“ A 7= 920K -
4 & MR =146 %
5500 |- \ -
—O— T=293 K
o 5000 MR =88 % .
£
=3
o 4500 |-
< 4000 |
g
i
32 3500
-
3000 |
2500 | ¢ e
2000 ] 1 i 3 2 Iy 1 1 M 1 L 1
-100 -50 0 50 100

BiSR [ mT ]

Hff2005—3012945

WD EX1002
Western Digital v IP Bridge
Page 110



a [ 7]
4

(a) %0

80
70
60
50
40

MR ratio (%)

30
20
10

(b)
400

300

200

V. (mV)

100

BFE2004—313350 = 6/

7=293K
=
(o]
=
3
o
~R
o
Q.
=
e
PR S B PR DU SN SN S 3 YR TS N SN S S T NN SR 1 0.0
—1000 -500 0 500 1000
INATRERE V(mV)
7=293 K
1 A 13 i 2 | 3 LS 1 2 Y i L L Y 'y I 1 2
-1000 -500 0 500 1000
INAFTREE VimV)

HEFEE2005—3012945

WD EX1002
Western Digital v IP Bridge
Page 111



BFE2004—313350 ~—

<
..

7/

(8]
(A) (B)

EiE ] bR ILREES
CGREHEER)

#
T (B
#

Wt

HEERF2005—3012945

WD EX1002
Western Digital v IP Bridge
Page 112



HEE2004—313350 ~_R—= 8/

@ ..

(A)

Ewhi#z BL

B) J—F$ WL
Ewh#g BL T
TMREF
#
o——” MOS FET
(© EvhE BL
‘.——

}TMR%% -~ 117

—>

el 0
113 115
GND ——_} 111 /

b1

103~ n* J \ n* ~—105

P 101
MOSFET 100

HMEER2005—-3012945

WD EX1002
Western Digital v IP Bridge
Page 113



FHE2004—-313350 R=T 9/E

(®10]

FEEBTMREFORE

(11]

0 \ B
COEH = WABE

CoFeB 1505
MgO 4+~ 503
CoFeB 4~ 501

HEEFRF2005—3012945

WD EX1002
Western Digital v IP Bridge
Page 114



B2 004—313350 ~_R—3 1/E

e [E5E4] B

[E#w]

[(2E] MRAMOHBNEFEZED S,

[RRFER] BEEMeO (100) ER1 12%EBL, 50 nmEODIEYFT Y VEF
e (100) TEEM (F18HE) 17%Mg0 (100) ¥—FE15LICEBETHE
L, XRWT, BEEZ (2X10"3Pa) itBnT, 350CT7=—1V%979, 2n
mEOMgO (100) NY7E21%Fe (100) FTEHE®E (B1EH) 17 LHICE
BTIEYF I Y VEET S, SO, MgODBEFY—LEERH W, MgO (10
0) NUTRE21LEICEBET,. EX10nm®»PFe (100) LEWEMHE (£28®W 2 3
ER L7 BEHELT, 10 nmEEDCoEB21%Fe (100) FHER (FE2ET®
) 23 LICHEREL, CoB2 13, LEBEHE2 SORBKMAEABAREZI NV AT H2D
DTV E 2 ERT272005DTH D, RAT, FEOERFEE2HEMILT
Fe (100) / MgO (100) “Fe (100) MT]ZEF%2EHRT 3,

RIRE] B2

HEERF2005-3012945

WD EX1002

Western Digital v IP Bridge
Page 115



HE2004—-313350 NR=

FAE - TOnTEER

HRFHEOE S
ZNES
EHA

HEE

YERK H

<BREIBHR - AIniEHR >
[EEr A
[FarIE5]
[ 3 EAr]
[F4 i3 4a%R]
(R A
[F&51%5]
[ X ERET)
[ 3]
Al
(7% 5]
[1Epr X EREr]

(14 1 48]
(T L7 REBA]
EVIE2=!

97 13 BT

[Ixas i 45%5]
[ZAE L 7=ACEA)

[F5IE5]

(LT i3 ERT]

[ER4& i3 4%Fr]
[EE L 7-fRE A

[F#51E 5]

[ERT L EFT]

(R4 i3 4Hr]

¥FE2004—-313350
50401841490
WA B

F164F12H15H

2169

503360115
HBERINOWANN4TH1IES S
FRIZAT BOE ABHA B IR SRR

301021533

Rl TREXEME1 -3 -1
FRATBOR A EEE AN S S BT FERr
HRE

100091096

RECHEXE /M4 TE3%F2 05
oLl 9FF SPARERAFRFEBRT
AR

100105463
HEHEXRE/M4TH3E2 05
E1 9B SPARERERRFEERT
ey =5

100102576
RIHERE M4 TH3IE2 0%
Erl 9F SEREBRISEFEET
E

100108394
BEER R/ P4 TE3E2 05
1O PAEBSREEH
SR -

HEEFF2005—3012

THAETM T

MEMT

MARTMT

MEETM T

945

WD EX1002

Western Digital v IP Bridge

Page 116



/ E

B E T
1. ZE4AH
[ZEE ]
= BT
K %

N
HE2004—-—313350

H B AN B’ OE

[503360115]

20044 445 1H

HMER

#H

HBERNOWAEN 4 TEH1#HS S
TRSLAT BOE AR U IR BAR RS

BB

HEE#H2005—-3012945

WD EX1002
Western Digital v IP Bridge

Page 117



| =

N &
1. Z¥EEHH
[EEHEH]
£ BT
K %

HE2004—-313350

P
[
<

B AN B E B #

[301021533]

20014 4H

2 H
R B PR
HHEAMTAHKE EL -3 -1
R ST AT BodE N BE FE BT A& BT SR BT

HEEF2005—-3012945

WD EX1002
Western Digital v IP Bridge

Page 118

2/E



Document made available under the
Patent Cooperation Treaty (PCT)

International application number: PCT/JP05/004720

International filing date: 10 March 2005 (10.03.2005)
Document type: Certified copy of priority document
Document details: Country/Office: JP

Number: 2004-071186

Filing date: 12 March 2004 (12.03.2004)

Date of receipt at the International Bureau: 31 March 2005 (31.03.2005)

Remark: Priority document submitted or transmitted to the International Bureau in
compliance with Rule 17.1(a) or (b)

World Intellectual Property Organization (WIPO) - Geneva, Switzerland
Organisation Mondiale de la Propriété Intellectuelle (OMPI) - Geneve, Suisse

WD EX1002
Western Digital v IP Bridge
Page 119



PCT/UP 2005/004720
10. 3. 2005

H X E % & 7

JAPAN PATENT OFFICE

AMMBRNOEFE LB EINTVWLIEEHITEHOBBEEZHICEREINT

WHLEHER -—THLIEEZHEHET L.

This is to certify that the annexed is a true copy of the following application as filed

with this Office.

B &£ A H

Date of Application:

 E F 5

Application Number:

[ST. 10/C] :

H

JFE
Applicant(s):

A

BHFTEE
Commissioner,
\ Japan Patent Office

k

4

20044

BE

3A12H

¥E2004—-071186
[JP2004—071186]

e AR B IR AR
AT S AR 4 2 T S

20054 2H21H

AN

HEiEES HiEHF2005—-3012939

WD EX1002
Western Digital v IP Bridge
Page 120



[E34x]
[
[32HiE]
(& T%)
[E R 3E]
[FEEE]

[ BT

[x4]
[BEErHiEE A
[RpEF]
(K4 Xid4#)
[HFarmmE Al
[FEBE=]
[Kaix4a#R)
[t A)
[#BEF]
[FrEt]
[ 4 x4 %)
LEEL724CHEAN)
[BpEF]
[AFE+]
(48 X id4a k]
BT L7 A)
[GRIES]
[HEL)
[ 4 i3 4a#5)
LEE L2 AN])
&k
[FE+]
[(R4 33 4%r]
[H5oH4]
[k D FR)
[FinEaRE5]
[+ &48)
(R B $]
{4
[#42]
CpG)|
[Wtt4a]

BHE2004—-071186

P04-0204
164 3A 120
BHTRE B
HO1L 43/00

FEOCIEEHE1—-1—1

DR IFEVI—H
Wik R

503360115

FRILAT BUE N E RN AR ST 78Rt

FRILATBE ABHE ST iR BB

301021533

IRSLATEIE NSNS ST 9E 0T

100091096
A Hadh
100105463
Be =5
100102576
Bl HE
100108394

SHF fE—
50/100

015244
10, 500

FrEFRRROEHE 1
HAlE 1

Mm 1

BHE 1

HEERF2 005—3012939

WD EX1002
Western Digital v IP Bridge
Page 121



KE2004—-071186 R= 1/

e (B8] Heram ko it

[FEkmE 1]

PURVEER L, MM AVEEBROSLE 1EMICERENBCCHEEETAE]
OIBBEARRB L, RN VA NVEEBOE 2HAICTER EN-BCCEE*EITLE2D
EEEAE L, P A TAHBA T Y ANVESEETH - T,

BE b VA VEERBS., BEEMgOx (100) »25wid (100) HEEAIELR
ML7EZ#EREMg 0x (x<1) BRLEXOVHERENTVL I L2 ML TIRRIERET

[FEk1E 2]

MgO (100) »oRaPrANVEEBRZEL, B2 VEEEBOE 1 EBMCERSIL
. 72Fe (100) 202281 0mEAEB L. Bt M Y A VEERBOSE 2 EWEANIIERK S

N7zFe (100) o428 20MBEEHEBL., YATA2HUAN A NVESEETH-

<.

BiEEM g OB, BHEEMgOx (100) A3 (100) HEEAESLER L
ZiEEMg0x (x<1) BllIYBRENTWE Z L 2E#%E T H2HMEEMETF.

FERIE 3]

MgO (100) 22642 b AVEERBE, MV AVEBEBOE L HAICER S L
72FeZ/mliBCCHE*ETAF cREESDOEER (100) BE4X (100) &
EAEEREAL-ZERBPL 228 1 OBBEEB L, MRS YA VEBEEOSE 2 HH
R EN/F e 2723 BCCHEELETLF e RESOHEER (100) BE/E (1
00) HEEIPELARMLI-LZERBILOLL82 OMBEARB L. 25 THHEAN V%
WIEASHEETH - T,

BEMgO (100) BOZEETHEREFe (100) BO7VI¥VHEOBEOR
EHRE (P ANVEEOES) 2EHERCBTLIEBEENREL YD IEL LA 2L
T HHMEIEIET -

[e&-kiE 4 )

BIECAERMEIZ, 0. 2~0. 5 e VOHERNTH A Z L 2L 3 555KE 3 ICEH
DB FIEIMETF.

[5k1E 5]

PR ERMEIX, 0. 10~0. 85 e VOHBEHNTHL I L2 EHETAEREIIZ
R OBSIERE T

FERIE 6 ]

12D S VPR E, BEFVS T AIOBEHELTHWOLNLERE LI S5 ETHD
W 1 BICRROBKEIRET &

ETLHREETF

[3EkmE 7]

iRz EMRTHITRE.

FGEWLEICE1IDF e /-3 BCCHEELZETAF e REEDERER (100) BX /-
X (100) aEEITEERA L -EZERBLHERTLITITRE,

BEE1DF e I/ EBCCHEZAETLEFeRA442D (100) BEIZEBFVY—LE
EEICID, BEEMgOx (100) 25wiE (1 00) BEEIESLRE LSS
MgOx (x<1) »H%b M ANVEEBPFSEZTICBWOHERE T2 TEL,

HINEANVEERB FICE2OF eI/ 3BCCHEEETAF e RE£DERER (10
0) BEiE (100) BEEVEERML-EEEBEERTAITRE
FETAIELEEYET AREEMETFOREFE,

[FEk1E 8]

HEEMgO: (100) $2wid (100) BREPELEEMLZLZEEMg 0 (
x<1) oL rERETERTZELILEL,

FEWECE1IOF e T EBCCHEELEETLF e RESDOHEER (100) B
3 (100) BHEEIWELRERNLAZSERBZHEHEL. ROT, HRtoLvoo7=—1

HEEF2005—-—3012939

WD EX1002
Western Digital v IP Bridge
Page 122



¥¥E2004—-071186 ~—=T 0 2/E

EITOE2TRE, :

HEE1DF e /7 IBCCHEZETLZFeZE€mD (100) BLIZEFY—LZE
BEICIVEZEEMgOx (100) 250w (100) HEEIELERAEL-EZHEEM
g0x (2x<1) PoRB2 M ANVEEBIZSERZTICBVWIHETLIE3ITEL,

FMANEBEBLEICE2OF e $23BCCHELZETAF e REE0EKES (10
0) B3 (100) BEAEIELEREML-ZEHEABLERTLIELITRE
FEHETAHIELEEHETARKENETO&EFE,

[F5k1E 9]

RIFREE 1 THREEE2 TREEOMIC, EFEEMgO0x (100) 50wk (100) F&
EABEER LZEZEEMg0x (x<1) i3V —FBEZHRETLAIEZAETASAZ
ERFELE T AREKRE T L 8 ICRBROBAIEMET OHEEFE,

[BskiE 1 0]

FESEEEMegOx (100) 50wix (100) HREFSEEREML-ZHEZMg O
x (x<1) 6525 b AIVEBEBYERTA2ITEFIC, MgOx OxELAHET ST
BEESCI 2B HETLERE7 X8 ICHRFHOBRIRMETF OEE T,
[EkiE1 1]

ERzEFETAILREL,

FEMEICE1IDF e /- EBCCREEAATAF e RESOEFER (100) BE /-
Z (100) BEREI EELEERL-ZELBLERTLITRLE.

MEE1DF e T/ EBCCHEL2ETAIFeZRE54€D (100) BLRIZANXXy I T
JHEICEYDTEL T 7 AMgOBEZERL., 72— VICXDETELT 7 AMg OREEHE
EILLCHERMgOx (100) 2w (100) BEEPEERAL-ZZEEMg
Ox (x<1) »o4ab brRNVEEBTREETAIEL.

FPANVEEBLICE2DF e £/ 3BCCHEELYETAF e RAEE0EFES (10
0) BEAWE (100) HBEEIF\EBEREM L ZLELE* R TZ2IREL
RETAHILEHHET LIHBERIENRETOEE T,

[5kE1 2]

BET7ENT77AMgOB%E, MgOx DxEZFABEADS —F v P2 HWTHES
LI EEMETAERE]L 1 CEROBEEREFOREFE,

[5kmE1 3]

R T7EVNT7 7 AMg O2HETATEFIC, MgOx OxfEZRETLIIEFELS
R ETAERIE] 1 KEROBMKIERETOHEEFE,
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[E4EE] BHnE
[BHOLF] BEEMETFRUTZOHEERE
€57 ipang

[0001]

AFEFEIT, MERERETFRUCZFOEEFECEAL., HIC, B3VEKIER* 8T 5MAIE
METRUOZOHEEFEICHET 3,

[ & Hk]

[000 2]

MRAM (Magnetoresistive Random Access Memory) (Z. BMELLBWVWLNTWALEIESR
FTHHLDRAMICMK DL L2 KBEERTREBEZETTHY. 2, BELRNEREAEYLL
TIE L WIZeBAZEES T LN THB Y. Hl 213, AMbitDMRAMDS Y > VT S vz v ) EE
VBB,

[0003]

B8it,. MRAM®D.LEFHTH 2 TMREFOEEL, TOENMERBEE2RIHTH S,
8 (A) IWET LIIC. TMRETFICBWTIE, L2 S %25 b ¥ FIVEEDOTE %
MM ERP LR AEIRUE 202 DO0BBBICI VAR I ANVEEZHE LTS,
FURIVERERE LTI, TEVIFTADA Ll —OBFHAVWLRTWS GEEEFXE1E
) o B8 (A) WRT I, £10BMEESREE 2 OMBMEERL OB fbommE 28
FATRFATRALOBHEICIE, P A VEEOFEICBITA2ERFRICHET 2R FOERK
WMBNEL D, —F, M8 (B) WRT LI, 1 OHEBEER L 5 2 OEEMEER
& DAL DA & ST 2 KPATBAL OB AT, P Y A VEEOREICB T 2 EHRITEIC
BT ZTFOERIBMAIKREL b, ZOEPUEIZ. —BOLRECEEAETT. EfE
PENPEVPIZETHTRER “17 . “07 L LTREINS, BTl & KFEIT#L
CIEARERICEEBEEINL D, FEEEATYOEEREFLLTHAVSE I LS TE 3,

[0004])

H9liE,. MRAMOEREEFZRIHTHD, M9 (A) EMRAMOFHEETH b
L9 (B)Y HERMLEBEENTHD, M9 (C) I, BEFALRIWEHETH S,
B9 (A) 12T 551 MRAMIZBWTRE T — FHEWLEEY FEBL &5 ET S
IIHICEB S, BEHIIMRAMEVIEE SN TWS, B9 (B) IKRTLIIIT, 7
— FHELE Y ML ORERICEBEINA--MRAMEVIZ, TMRETFEL, COTMRE
FrEFEERENAMOSFETEEZELTEY, BFERE LTHETATMREFD
EBIEEMOSFETICENEARML I LICL Y, BBEREZARTIENTESL, 4
BRoOEERZ I, FIZE, TMREFOEIEOHIMICEVITI LN TE S, KO
(C) ITRTEI912. MRAMAEY EVE, pES iK1 O IWICHERSINZY—R
SEIL1 05 & FLAV4EI1 03¢, ORBICHEHESNS T v 2 IVEBICHW LTHEREN
- EM111EE%EFETAMOSFET100&, TMREFIL1T7EEEFELTCWS
o V—AFEM1 0 53¥EH (GND) 8, Fvr4 iz, TMRETFZ2ANALTE Y MEB
LiCEHEEINTWSE, 7T—FHEWLIES—1PEBEL 1 1 I LTHRRLZWERICIBWT
BEISRT WS,

[0005]

PEWCSHEL-LED I, FESEAEIMRAMIZ, 12OMOSFET100&TM
REFI1IT7LICED1IDODAET N ERKTEIEFNTELD, GEBICEL A
AEYRF LN ZLIFTEL,

[0006]

[SessaFrcmk 1] D.Wang, et al.:Science 294 (2001) 1488.

[ZHER]

[FEBEA L X D &5 5 EE)

[0007]

HIROBWMEAVDLILIZIN64Mb i t BEOMRAMZEETSRABLIEN T
W2, FNUEOEERBILO-DICIZ. MRAMOLBE TH S TMREFORHREL2MA
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FEEBZYEFTD L, I, ERXFORNEE M LEEE5ICE., BRIBEHOEAKEERE
BFHOWEOTHAPLETH S, M1 0E, TEVIFAALl —-0% M RVEEL L
FERB TMREFORMSIBOHMEFEIC X 223 RTHTHS (L1) . M1 0IZmR
T LI, HRETMREZFEBWTIE, BEERIIE L, BEERZHNT A2 &2
X DIBRIEPEREICAN S R A EEEALNSE, Z0 L) ST, Bifif~—Y %
ZRERLI-HBANBENNE T EL720, EBROREEZFICHVAIDOPREE LY, X EARIC
Z, WIRO TMREFORGIBITIIHT0% LKL, TAHNEED200 mVELT L7z
O, DRAMOWBHERICHTEEWIZESTHY ., EHELT LT H TRV ESTHE/ A
AICBINTHEABE LR 2T LEI EVIHIBEED 72,

[0008]

RFERHILZ, TMREFICBUAHINEEZKRELTAHAZELELHBWET S, 5T, K&
BRESFEMICE Y, BEICEMET AR BEETREMI A LA HBET S,

[GRE %t 2 720 DFE]

[0009]

FREFHO—BEICIIE., PUALVEBEBE, FM O AVEEROE I EEICER SN
7ZBCCHEELAFATIELOMBHEABE L, Fift M A NVEERBOE 2HAICERI N
BCCHEELZAETAELE2OMBMEHREL. 2HETAIMA M V2 VEABETH > T, FIE
b AOVIERERED, BEiEEMgOx (100) 5w (100) HEEISELSRR L
ZiERMg0x (x<1) BITXDBRENTWVS I & 2L T2 BRERMETF 254
EX 1R

[0010]

F72. MgO (100) »642b b 3VEBERE, M AIVEERBOE 1 THICE
BENZ2Fe (100) 542351 0MBEARBL, BIfE N v AVEER O 2 WIS
EEEN/zFe (100) »o%22E20MMBEREBE., 2HTA2WMANANVEAEE
THoT, BistMg OB, BEEEMgOx (100) sk (100) HEEIEE
M LZEZ#EEMg0x (x<1) BRIDVERSINTWSE I L 2EMETIHMAIENE
FHAERMEEINLE, FIEEMegO (1 00) BofEdE TmesiscFe (100) B b
ITANF-OBONERME (P RAIVEESS) PEHERICBITAEIDDIEILES
LERBE TS, FEEBREAVS L, BAEHRASE KL TMREFOHRNEEEZKEL
FTAHEIENTE, 12D VI RIDOEME L CLEEBMRENETFEAVS &L, FE
BEDREEZEFZERT LI LI TE L,

[0011]

ABEHOMOEB I I NIE, ERPEBITLITIHEE, FERECE1IDFe (100)
BERWETATRE, FiIE 1DPFe (100) BEEEFEY—LAREFEICIVEZEM
g0x (100) 2wiE (100) FHRAEPEEEMLAZEZEZMgO: (x<1)
LA ANVEERTSEETICBWIHETAITEL, MM ANVEEBLIIEZ2D
Fe (100) BB TALIRLEEETAZILEENETIMKIEMETOSEF RN
BAEENS,

[0012]

F/o, BERMgOx (100) 50wk (100) BREIELEREAL-SHLEMg
Ox (x<1) oL rEFrERITLELITEL, ZEFRLICE1DFe (100) B
PHWREL, KNV T, BRILOZ-ODDOFT=— Va2 THE2TEL, FIiE1DFe (100
) BEICEFC— 2 BEEICIVEEREMegOx (100) 250w (100) HaED
BB LS HEEMeg0x (x<1) »o%b b YA NVEEB BEZTICBWTHRE
TAHEITRE, Hr A VEBERLLICE20DFe (100) BEHETAE4IEEY
BT3B ETIMRIEMBTOREFEPREEINS, H., SIRE I TREE2
THEEOMIC, BEEMgO0x (100) 2wk (100) HBEEIVESRRERL-ZHE
EMgOx (x<1) 2264223 —FBERETHITELZELTVWTBREY, T/, B
FTENT 7 AMgORB%®, MgOx OxE*ABEADY Ty PEHWTHERLTIE
Vi, ZOBE, RBIEE7TENT7 7 AMg O%ZETAIREFIC, MgOx OxEZHEL T
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By,

[ZEBHO%E]

[0013]

AFEHEHIZINE, EROTMREFICHRTAELBEEREEB LI LI TE, TMR
ETOHNEE*RELTAHAIENTEDL, ffoT, TMREFTHWVWAZMRAMDOEE
LB T2 D EWVIFIEED b,

[BREEEZEBETL-OOBEDIEE

[0014]

REHEICBNTHWEERICBITS [HENRME] L oHfEIX. BB ET 56
DEBIPOHERL-ETH S (BFE LW . W. Wulfhekel, et al.: Appl. Phys. Lett. 78
(2001) 509.) o TP XD RIRETIE, BEERIBROETRIEAUT L A EECEIEN 2 B
EMegOD MU ANVEBEBEDERELS ) LA TEL2D, BEMNRMEL W) HFELHA W
720

[0015])

FHOEMOLEIZOWTHBE T AR, BEHBOIT o ERIIOVWTHBEETHI. M
T ] oWEIEPL (MR) iz, PlTosckRa s,

AR/ Rp= (Rap—Rp) /Rp

2T, RpRURapid. 200BHBOEALIFATE KFEATDHEED b ¥ A VIESE
FTHs, JulliredARiCIhid, B4 TRAEEICBITLAMRIEE., LTk
AzEEINS,

MRlK= (Rap—Rp) Rp=2P; Py, (1—P1Pz) THY
ZZT, Pa=(Dat (EF) —Dad (Er)) ./ (Da?t (Er) +Da+ (EF
). a=1, 2 (1) Eshib,

1001m

ZZTC, Pald, BEFOARAEVSEBETHY, Dat (Er) &Da{ (Er) ki,
FNEN, BHAVL YR FEDPBAY VNS Y FOT72VITAZNE— (Er) BT 5
IREEFEE (Density of state:DOS) THh3, BHEEREERTSE
EDAECDEBIZO.EUTTHA40, JulliredARICIUL, RIEVIH
ZEMREELT7T 0% FHEHENS,

[001 7]

MT]EFE27ENTTFADALI —QD P FIIVERELLZESRERETHOVWTERT A
L. EETOMREELTHTO%EVIFEIELNTVWES, DRAMIBEOWBHEET
H5200mVEBELIOEFELL, LBEDIHIICMRAMERDONTAMESE o TV
Bo

[001 8]

FEBHEZ., B~/ 2T Y LA0ERER (100) HAWiE (1 00) & EESELRER
L7-ZERMg 0% b2 VERBEE LTHWS-MT ] 2RET A7 O —F2HATWS
c%%®7%W77x®TWET%%t@%&0\@WvﬁivbA@%%(E?ﬁﬂ%
FELLEFLWE) THiod, BFFEEEINT. EFOI—L ¥ FREXFN V2
WBREROBWTHEFESNAZIEFTFHEENS, M1k, ZREHEOEEBIZLIAZMT ] EFHE
% (M1 (B)) &, M ALEETHSEFe (100) OZFINF—NY FEERRT
MTdhy., HEERO [100] FAICWTAZE—Er OBREZRTH (81 (A) ) T
Hb. M1 (B) ITRTIHIWC, REBMOBEBICLIAMT JETHEEIL. £F1DFe (1
00) BlE, #2DFe (100) B5&. CNOLOBICEHIN-EEZMgO: (1
00) BHArwiE (100) HEEIELERBALAZEZEEMg0x: (x<1) EB3&, #*
FELTERENTWS, FEEJulliredeFlicInE, EEEFOTA VI LN
MoANTEEARICBWTHREFEENSE T2, MgOZBEBTA M RALVERIZN
FOVEREICEE 2 AN (BEAAEICHT 2ERAR) OEENS Pvkz 25T 58T
FTEEICR D, B1 (A) WWRIT[100] (r—H) FRAICBITZF e DA VT — )8
FRICEIE, ZxVIBENEr KBTR2REEE (DOS) 3. ZEAY L0 H Y
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CDFTNY FETINVIENEF EBWTREZA L TWE 780, FLIEESWRESE
PRELRV, LALLEYEL, BFOav—Lv» MREXF VALVBEOBWIEEXINLS
BAICIE, BECEEZBMICELT 2 VICHH2ESBEEK s 3T 2EEEFOLIE
BEGHIRICBITZIRELEEEL, HE2—ED PV ANVHERSREOI LIRS, BT (A) I
AT LI, ZEAEYAL + NN (ER) P72 VIENEr CIREEZETHA. &
BAEYAL VSV F (B W72 VIENEr ICHKREZEFELZ WV, TDX53%FeA
14 NV FON=T7 AV REBBICED, ERICEVWMREF I -1V Y P2 AE VR
B ANLVICBWTELNATEEEH S, ZEFF Iy (BEESHSZWVWIE (100)
BMEEfER) OMT J i, PYAVBEPICBITAETOHUSEIIHIEN S 20, EFED
£33 %ae—-V U b b RANVEFEETALIL-ORIBEENTHELEEZLNS,

[0019]

PUF. REHOE 1 OEBOBEIC L 2MEENZETFRTFOHEEFECOVWTHE%
ZSBLOOHBEET I, M2 (A) 52 (D) FTIE, ARPOEBOBREICLSTF
e (100) /MgO (100) “Fe (100) BEEFTAIRAERETF WUT. T
Fe (100) “ MgO (100) /Fe (100) MTJ] &332, ) OEETES
BRYCRIETHS, Fe (100) &, BCCHEZAE T LIMMMATH L, 7.
EESEMgO (100) £#K11%#MHL. MBEE (FH=Esy I —) 12X,
BEAMegO (100) £#K1 10FEFTHOE 7+ ATV —%%ET LD, MgO (100
) Y= FB15%KETS, EHELT, M1 (B) WRTLEIK, 50nmENIEYF
v )VFe (100) THER (£18E) 17%Mg0O (100) *—FB15EKE
BTEEL, XWT, BEEZT (2X10"8Pa) itBWVWT, 350CT7r=—Nn%
TI. M. BEFEEBICBT L5411, IEBENS kVTHD, REFEESO0. 02
m/ ., HEEEVFER (293K) . VA& LTIRIEEESGHEKEOMg O (Mg &
QLDEAT1 1 1) #HWV, V—REERELEDEM*40cmelL, Xy Z 7S5y FD
BHERENFIX10 8 Pa. O2480FEHNF1X10" S PaThsr, M. (LEZEHWHEKD
MgO (MgkOlDl21 1) b, OREEETLIV—AZFHATLZI LD

[0020]

B3 (A) iZ, ZOEDFe (100) THEE (E18® 1 7PRHEEDA X —
TERTHTH D, M3 (A) IZRTEIIC, Fe (100) THER (EF18H 17
BRIFREEEEFHEEZE L TWAZI EERLTWESE, XWT, M2 (C) KRTIES
2, 2nmEDOMgO (100) NUFRE21%Fe (100) THEER E18H) 1
7TECEBTIEYF LY VHRET . COED, MgODBFY—LEEEEZH W,
K3 (B) i&. COBOMgO (100) XUYT7BZ21DPRHEEDAA—Y%RTHET
HB, H3 (B) ITRTEIIC. MgO (100) NYTE2 1D BEIFRERMEEFHE
FHLTWABIERZRLTWA,

[0021]

H2 (D) IZRTLEIIE. MgO (100) NUFPE21 EIC, E2ERETEZ10nm®
Fe (100) EXE® E28E) 23%2BHLA. EHELT, 10nmEEDCofE
25%Fe (100) L#EHE (£28H) 23 LICHERELN . CoE2 513, LHER
23DRFHEBDAI LI o TRFETHALRE LR T L7003 DTHS, RNWT
. FEOERSREEFMMAMILTCEFe (100) / MgO (100) /Fe (100) M
T]EFZEHET 5.

[002 2]

FEEBICXAMg OB, 10 ° Tor r DBEERRETHER2ITo, 2O
FETE, BZIEFSAEREIZ3 00 nmOBEEEZIToIBEETY., EEEHTHY .,
B LTHEERE R EIN TSI Eh05b, M4iZ, Mg OEERICBITANEREM
as s ARZ MOBEAKRETRITRTH S, ML4WERT LI, ODAXRZ PP 1 &
O2 DANRYZ M VP 2L ICHTASERBTNI b5, M5, MgOBEBEFTOmE
FEDERFEEERFZRTETH 2, M5ERT LI, BEFTEERIPZIE W
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L, MEEELLDIIBEFTELEL 222 L, IR, MgOOHERICBITAMg O
BEEPSOBMEOHEMRERETLZLNOTHY, MgOx (0. 9<x<1) DX cE
ERBEPELTHWATREETD 2, BBERBEIFTELEEMg O P A NVEEDE S 2MEL
hBeEZLNL FIZIE, 0. 10~0. 85eV (XDEEMICIZ0. 2~0. 5eVD
HHEMAN) ) . NI, POANVEEFSENTLILIDOEEZLNS, M. —HKNLAL
—OMNANVEEDESE, Fe (100) toMobrrAVvEEOEIE, 0. 7~2.

5eVEEZLNE, TNIZHHLT, MgORBRIZEEMNZ N AVEEOEEIX3. 6
eVTHY, EERELLTIZ0. 9~3. 7e VOEIBELNTWS, ZEHMOFEEIC X
LHFEEAVDLE, 0. 3eVEEDF Y ANVEEOEINEESN, My RAINVEEDOE
EHLPETH B L 2%bh b, BL, FOMOER, A FHHROoITe—1v Y b2 b
VANDEEIBEELTWATRREYND S,

[0023]

Hold, LREOFEICLVEELZZFe (100) /Mg0O (100) “Fe (100
) MT J ZFORBW 2 HMAIENEH#REZRIETH 2, BERE2 0 KICBWTMRIE1
46%THD., BMEBE29I3KICBVWTMRKIZ 8% TH o7, ZDHEIF, BIEE T
CKERICBVWTHOLNARLIEVMRETH S, DX RE MR, Fe (100
) BEDAY Y SBERIZX - THBETA2ZLIEITET, LA, ab—L ¥ 2R EY VR
BErY RV Z7ICBETDIEEZLNDE, 16 00OMT JEFE2FHMELEE. MRILE
FOANVEHEL CETAELDEIE. 20%PATH o7 MT ] OHREET Y L ERSE
BRETIOO0O%UETHo7 TOLIZBVEIX, KT 70 —FOEGEEZRELTVS
c MTJOEH— U7 (RA) B, £k Qum? THY, ZOfEIZ, MRAMIZEL
7ETH D,

[0024]

M7 (a) i, Z2RECBIIMRIEONA TRAEFEEBY*FTIRTH 2, M7 (a)
WCART I, MREDNSA 7ABEEREREZ P2 VBN E2%b 5, FEIH2ERE
RYA, MRIEAERTAEEVh a1 t131250mVEVIFEEICEHNMEIESNT
Wo, ., EEDAl —ORCBIALIMRIEDERTAEE VL 21 £ 12300~600
mVTHb, 7 (b) I MTIJOHAOBEV., v ¢ & (=X T7ABEX (Rap—
Rp) /Rap) #7RTe HIBEEV.e v t DEAERIENA 7AICBNTIEOmVD
EVELNTVE, TOfEIZ. Al —OXNY7OBREDE (200mV) DH2EDET
HbH, TDIXHIT, MRILEHNEBEELOMAFTEHEWENIEOSNL-Z LiX, REHBOERE
WL BEMOBRMEEZRL TS,

[0025] :

., EEREBOEREICBVWTIEZ, BCCDFe (100) ZHWA?, KAbYIZBCC
DF e a4, Bl2iZ. Fe—Cof4&. Fe—Nidt4, Fe—PtadErHAwaIL
bTEB, BlWWiEFe (100) B&MgO (100) BEoEic.,. 1EFBELEIHEETF
BREODEEIDCo,. NiZEEEHALTD BV,

[0026]

RIT, REHOE 2 DEBOFREIZ L AHMAENETF RO ZOEEFEICOVWTHEAL
T REMOBECZLISLFe (100) “MgO (100) /Fe (100) TMRH
FOHEEFETIE., FTAN Y 7ELEICEIYMg0 (100) 2&B&T2E37
ENVT 7 RAIRETCHEL, Z2ORBICT=—VAREEZITHIZ LIZED (100) EHEEIE
ML EREECITEERILT A EZEMET S, XNy ¥ Y U 7EER, B, BE
FEER (293K) THY, y—Fv reLTE24YF4OMg OV, ArEHER
RTANRY Z YU 7% fTo7, MEBHIZ200WTHY, KEHEEIZO. 008 nm,/
STHbB. COEBTHRBLI-MgOIX7TENT 7 ARETHLIZD, BEBPLS5300C
TTREZLF SV, 300 CIEBVWT—ERMAEFETIZEICEID., HRbESnEM
gsO%BAZ L RS,

[0027]

M. ORBEOEAFHEE LTIE, REBICORBIPELLZEHFTHRREZT I FHE, OK
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HEBRDPOLEAT ZHE, ORBODH ZIRRED OB 2 I XEEE 75 A< B I3 8RB b2
EWE VB Z2IToCHEARBREDORMETHET I HEOWTNEZHWTS B,

[0028]

BLE, REHOBEIC L ZHMIERBETHRICINE, Ay Y v 7EETHNVTTE
N7 7 AMg O HRBRLABIITo—VABIZXVESELT 2700, FRIZERELY 2
HEBIUVEZRNEVIFEITD S,

[0029]

Pk, ZEBOVEIC XL ABMAIEHEFICOWTEE LA, AEHIZINS ICHIBE S
NBLDOTER, FOM, BLDOERE, R, HAEDLEFTRER I LITLEEICEH
ThH» 9 FlZIE, MgORBIIEERMETEATZMALYIC, FAIZIEFCa®SrE F—F
YU TAHRIETr I ANVEBEOEGIRFAETLIAETHVWTOR Y, £72. Mg OB D
FEHEELT, BF Y —ABEETIZRSy ¥ » ZEEFNICUTEHBE L =45, Fo/Mo
HRBRELIEHATETHAZILEEIZT TRV, /2, BEZELOHFEIL., FIZ I TEEL
BALZWESICBWT, W10 S PallToOEEZIEL. —FH. BEZEBWICEA
TAHHEATH, 10 ¢ PalBEOEEET. ‘
[z -oFIHTREM:]

[0030]

MRAMOWMAEEMEFEROH 2MF/ICHMEL, FHEY FROBEEBMR AMIZHE
L7-EE Z2oTWn5, -

[T o> i B 72 3 RA ]

[0031]

[1)] AFHOE 1 0EROTBEICEIAMT | EFHE (M1 (B) ) &. wmk
GBEETHBLFe (100) OZFZINVTF Ny FEERRTETHY ., EEZEHO [
100] A3 2E—Er OEKEZRIE (M1 (A) ) TH5S,

[M2] M2 (A) 582 (D) T, ABEPOEHOEREICLISLFe (100
) “MgO (100) /Fe (100) BELETIMIIEIET (LT, [Fe (
100) /MgO (100) /Fe (100) MTJ] &7 %, ) OBETESKE
RWICRTHTH 5,

[M3] M3 (A) . Fe (100) THERE (£51E®E) ORHEEDA A
FRIETHY, B3 (B) I, SOBEHOMgO (100) "UTEDODRHEEDA
A—TERTHTH b,

(4] Mg OBRERIZBITAMNEEMa s s A7 MOBRMERZRIETH S

[M5)] Mg OBETORESFEDRIEBEERFELZRIHTH %,
[6] Fe (100) “MgO (100) “Fe (100) MTJETFOHaAER
BEEREMET R TR TH S,
[E7) M7 (A) 2. BRICBITAMRED NN TRABEEERZ R TR TH 5,
E7 (B) 3. MTJOHIBEV, v t & (=N 7ABEX (Rap—Rp)
Rap) #RIETH 5,
[K8] TMRETFOHEL, 2OFHEEEZRIHTDH 5,
(9] MRAMOEREEFA2RIKTHY., B9 (A) EMRAMOFHKTH
D. EM9 (B) IEXNMNLERERETHY., M9 (C) I, BEFERIWEKT
H5
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PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have
no effect in a foreign country, an inventor who wishes patent protection in another country must apply for a
patent in a specific country or in regional patent offices. Applicants may wish to consider the filing of an
international application under the Patent Cooperation Treaty (PCT). An international (PCT) application
generally has the same effect as a regular national patent application in each PCT-member country. The
PCT process simplifies the filing of patent applications on the same invention in member countries, but
does not result in a grant of "an international patent" and does not eliminate the need of applicants to file
additional documents and fees in countries where patent protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must
make an application for patent in that country in accordance with its particular laws. Since the laws of many
countries differ in various respects from the patent law of the United States, applicants are advised to seek
guidance from specific foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the
USPTO must issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S.
patent application serves as a request for a foreign filing license. The application's filing receipt contains
further information and guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically,
the section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for
filing foreign patent applications. The guide is available either by contacting the USPTO Contact Center at
800-786-9199, or it can be viewed on the USPTO website at
http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you
may wish to consult the U.S. Government website, hitp://www.stopfakes.gov. Part of a Department of
Commerce initiative, this website includes self-help "toolkits” giving innovators guidance on how to protect
intellectual property in specific countries such as China, Korea and Mexico. For questions regarding patent
enforcement issues, applicants may call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN
FILING LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all
applications where the conditions for issuance of a license have been met, regardless of whether or not a
license may be required as set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in
37 CFR 5.15(a) unless an earlier license has been issued under 37 CFR 5.15(b). The license is subject to
revocation upon written notification. The date indicated is the effective date of the license, unless an earlier
license of similar scope has been granted under 37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date
thereof unless it is revoked. This license is automatically transferred to any related applications(s) filed under
37 CFR 1.53(d). This license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the
subject matter as imposed by any Government contract or the provisions of existing laws relating to
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espionage and the national security or the export of technical data. Licensees should apprise themselves of
current regulations especially with respect to certain countries, of other agencies, particularly the Office of
Defense Trade Controls, Department of State (with respect to Arms, Munitions and Implements of War (22
CFR 121-128)); the Bureau of Industry and Security, Department of Commerce (15 CFR parts 730-774); the
Office of Foreign AssetsControl, Department of Treasury (31 CFR Parts 500+) and the Department of
Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN
FILING LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license
under 37 CFR 5.12, if a license is desired before the expiration of 6 months from the filing date of the
application. If 6 months has lapsed from the filing date of this application and the licensee has not received
any indication of a secrecy order under 35 U.S.C. 181, the licensee may foreign file the application pursuant
to 37 CFR 5.15(b).
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NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office in its capacity as a
Designated / Elected Office (37 CFR 1.485), has determined that the above identified international application has
met the requirements of 35 U.S.C. 371, and is ACCEPTED far national patentability examination in the United
States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above and the relevant dates are:

09/08/2006 09/08/2006
DATE OF RECEIPT OF 35 U.S.C. 371(c)(1), (c)(2) and  DATE OF COMPLETION OF ALL 35 U.S.C. 371
(c)(4) REQUIREMENTS REQUIREMENTS

A Filing Receipt (PTO-103X) will be issued for the present application in due course. THE DATE APPEARING
ON THE FILING RECEIPT AS THE " FILING DATE" IS THE DATE ON WHICH THE LAST OF THE 35 U.S.C.
371 (c)(1), (c)(2) and (c){4) REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE IS SHOWN
ABOVE. The filing date of the above identified application is the international filing date of the international
application (Article 11(3) and 35 U.S.C. 363). Once the Filing Receipt has been received, send all
correspondence to the Group Art Unit designated thereon.

The following items have been received:

Copy of the International Application filed on 09/08/2006
Copy of the International Search Report filed on 09/08/2006
Preliminary Amendments filed on 09/08/2006
Information Disclosure Statements filed on 09/08/2006
Oath or Declaration filed on 09/08/2006

Request for Immediate Examination filed on 09/08/2006
U.S. Basic National Fees filed on 09/08/2006

Priority Documents filed on 09/08/2006

Power of Attorney filed on 09/08/2006

Non-English Language Application filed on 09/08/2006
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e Claims filed on 09/08/2006
e Abstracts filed on 09/08/2006
e Drawings filed on 09/08/2006

Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

PAULETTE R KIDWELL
Telephone: (703) 308-9140 EXT 216
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: gng\ﬂlSS%)Ol\—ER FOR PATENTS

ox

Alexandria, Virginia 22313-1450
www.uspto gov

APPLICATION NUMBER FILING OR 371(c) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

10/591,947 09/08/2006 Shinji Yuasa HIRA.0236

CONFIRMATION NO. 8009

38327

REED SMITH LLP

3110 FAIRVIEW PARK DRIVE, SUITE 1400
FALLS CHURCH, VA22042

Title: Magnetic tunnel junction device and method of manufacturing the same

Publication No. US-2007-0195592-A1
Publication Date: 08/23/2007

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication
pursuant to 37 CFR 1.211, et seq. The patent application publication number and publication date
are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases
via the Internet at www.uspto.gov. The direct link to access the publication is currently
http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the
publication to applicant. A copy of the publication may be obtained from the Office upon payment
of the appropriate fee set forth in 37 CFR 1.19(a)(1). Orders for copies of patent application
publications are handled by the USPTQO's Office of Public Records. The Office of Public Records
can be reached by telephone at (703) 308-9726 or (800) 972-6382, by facsimile at (703) 305-8759,
by mail addressed to the United States Patent and Trademark Office, Office of Public Records,
Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions
and the dates of receipt of correspondence filed in the Office, may also be accessed via the
Internet through the Patent Electronic Business Center at www.uspto.gov using the public side of
the Patent Application Information and Retrieval (PAIR) system. The direct link to access this
status information is currently http://pair.uspto.gov/. Prior to publication, such status information is
confidential and may only be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling
the Patent Electronic Business Center at 1-866-217-9197.

Pre-Grant Publication Division, 703-605-4283
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In re U.S. Patent Application of ) -
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YUASA ) Unit 2827
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Application Number: 10/591,947 )
)
Filed: September 8, 2006 )
)
For: MAGNETIC TUNNEL JUNCTION DEVICE AND )
METHOD OF MANUFACTURING THE SAME )
)
ATTORNEY DOCKET No. HIRA.0236 )
Commissioner of Patents .
P.O. Box 1450
Alexandria, VA 22313-1450
COVER LETTER
Sir:
[x] The fee for submission of claims is calculated as shown below:
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[ "1 Please charge my Deposit Account Number in the amount of to cover the fees for
. A duplicate copy of this paper is enclosed.

[x] A checkin the amount of $2,690.00 to cover the Excess Claims fee is enclosed.
[x] The Commissioner is hereby authorized to charge any additional fees associated with this

communication, including fees under 37 C.F.R. § 1.16 and 1.17, or credit any overpayment to Deposit
Account Number 08-1480.

Respectfully submitted,

Stanley P. Fisher

Wr 24,344

REED SMITH LLP

3110 Fairview Park Drive
Suite 1400

Falls Church, Virginia 22042
(703) 641-4200
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STATES PATENT AND TRADEMARK OFFICE
In re U.S. Patent Application of
YUASA Unit 2827
Application Number: 10/591,947
Filed: September 8, 2006

For: MAGNETIC TUNNEL JUNCTION DEVICE AND
METHOD OF MANUFACTURING THE SAME

s’ N’ e St wws? St Naw? Swpr “wadt Sow ot

ATTORNEY DOCKET NO. HIRA.0236

Commissioner of Patents
P.O. Box 1450
Alexandria, VA 22313-1450

PRELIMINARY AMENDMENT

Sir:
This is supplemental to the Preliminary Amendment filed on September 8, 2006
concurrently with the application. Prior to an examination on the merits, please amend the

above-identified application as follows:

FRXLIB-515221.1 1/10/08 3:18 PM
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IN THE CLAIMS:
Please cancel claims 8-14, 17, 26, 33-34 without prejudice or disclaimer, amend
claims 1-4, 7, 15-16, 20-22, 26-27, 30, 35-37, and add new claims 40-65 as follows:

1. (Currently Amended) A magnetoresistive device comprising a magnetic tunnel

junction structure comprising:

a tunnel barrier layer;

a first ferromagnetic material layer of the BCC structure formed on a first side
of said tunnel barrier layer; and

a second ferromagnetic material layer of the BCC structure formed on a
second side of said tunnel barrier layer, wherein

said tunnel barrier layer is formed by a single-crystalline (001) MgO, (0 <x <

1) €60blayer or a poly-crystalline MgOy (0 < x < 1) [[layer]] in which [[the]] (001)
crystal plane is preferentially oriented.

2. (Currently Amended) A magnetoresistive device comprising a magnetic tunnel

Jjunction structure comprising:

a tunnel barrier layer eomprising MeO06h);

a first ferromagnetic material layer comprising Fe(001) formed on a first side
on said tunnel barrier layer; and

a second ferromagnetic material layer comprising Fe(001) formed on a second
side on said tunnel barrier layer, wherein

said MgO(06H) tunnel barrier layer is formed by a single-crystal (001) MgO,
(0 <x < 1) ¥6H)-1tayer or a poly-crystal MgO, (0 < x < 1) [[layer]] in which [[the]]
(001) crystal plane is preferentially oriented.

3. (Currently Amended) A magnetoresistive device comprising a magnetic tunnel
junction structure comprising:
a tunnel barrier layer eemprising MgOO6);
a first ferromagnetic material layer formed on a first side of said tunnel barrier
layer and comprising a single-crystalline (001) layer or a poly-crystalline layer of Fe
or an Fe alloy of the BCC structure, said polycrystalline layer having [[the]] (001)

crystal plane preferentially oriented therein;
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a second ferromagnetic material layer formed on a second side of said tunnel
barrier layer and comprising a single-crystalline (001) layer or a poly-crystalline layer
of Fe or an Fe alloy of the BCC structure, said polycrystalline layer having the (001)
crystal plane preferentially oriented therein, wherein

said tunnel barrier layer is formed by a single-crystalline (001) MgO, (0 <x <
1) 60H-1ayer or a poly-crystalline MgO, (0 < x < 1) [[layer]] in which [[the]] (001)
crystal plane is preferentially oriented, wherein

a discontinuous value (the potential barrier height of the tunnel barrier)
between the bottom of the conduction band of said tunnel barrier layer and the Fermi
energy of at least one of said first and said second ferromagnetic layers is smaller than
an ideal value in the case where the MeO+(0681H tunnel barrier layer is formed by a
perfect single-crystal MgO.

(Currently Amended) A magnetoresistive device comprising a magnetic tunnel
junction structure comprising:

a tunnel barrier layer;

a first ferromagnetic material layer of the BCC structure formed on a first side
of said tunnel barrier layer;

a second ferromagnetic material layer of the BCC structure formed on a
second side of said tunnel barrier layer, wherein

said tunnel barrier layer is formed by a single-crystalline {(001) MgO, (0 <x <
1) €66 ayer or a poly-crystalline MgO [[layer]] in which [[the]}] (001) crystal plane

is preferentially oriented, wherein

a discontinuous value (the potential barrier height of the tunnel barrier)
between the bottom of the conduction band of said tunnel barrier layer and the Fermi
energy of at ieast one of said first and said second ferromagnetic layers is smaller than
an ideal value in the case where the MgO—081H tunnel barrier layer is formed by a
perfect single-crystal MgO.

(Previously Presented) The magnetoresistive device according to claim 3, wherein

said discontinuous value is in the range 0f 0.2 to 0.5 eV.

(Previously Presented) The magnetoresistive device according to claim 3, wherein
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8-14.

15.

16.

17.

said discontinuous value is in the range of 0.10 to 0.85 eV.

(Currently Amended) A memory device comprising:

a transistor; and

a magnetoresistive device comprising a tunnel barrier layer; -a first
ferromagnetic material layer formed on a first side of said tunnel barrier layer; and a
second ferromagnetic material layer formed on a second side of said tunnel barrier
layer, wherein said tunnel barrier layer is formed by a single-crystalline (001) MgOy
(0 <x < 1) (B8 1ayer or a poly-crystalline MgOy (0 <x < 1) [[layer]] in which [[the]]
(001) crystal plane is preferentially oriented, wherein said magnetoresistive device is

used as a load for said transistor.
(Cancelled)

(Currently Amended) A magnetoresistive device comprising a magnetic tunnel
junction structure comprising:

a tunnel barrier layer;

a first ferromagnetic material layer formed on a first side of said tunnel barrier
layer and comprising an amorphous magnetic alloy; and

a secohd ferromagnetic material layer formed on a second side of said tunnel
barrier layer and comprising an amorphous magnetic alloy, wherein

said tunnel barrier layer is formed by asingle-erystallineMgO,(001)-or a
poly-crystalline MgOy (0 < x < 1) [[layer]] in which [[the]] (001} crystal plane is

preferentially oriented.

(Currently Amended) The magnetoresistive device according to claim 15, wherein a
discontinuous value (the potential barrier height of the tunnel barrier) between the
bottom of the conduction band of said tunnel barrier layer and the Fermi energy of at
least one of said first and said second ferromagnetic layers is smaller than an ideal
value in the case where the MgO001H tunnel barrier layer is formed by a perfect
single-crystal MgO. .

(Cancelled).
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18.

19.

20.

21.

22.

(Previously Presented) The magnetoresistive device according to claim 16, wherein

said discontinuous value is in the range of 0.2 to 0.5 eV.

(Previously Presented) The magnetoresistive device according to claim 16, wherein

said discontinuous value is in the range of 0.10 to 0.85 eV.

(Currently Amended) A memory device comprising:

a transistor; and

a magnetoresistive device comprising a tunnel barrier layer; a first
ferromagnetic material layer formed on a first side of said tunnel barrier layer and
comprising an amorphous magnetic alloy; and a second ferromagnetic material layer
formed on a second side of said tunnel barrier layer and comprising an amorphous
magnetic alloy, wherein said tunnel barrier layer is formed by a—single-erystalline
MgO,(661-er a poly-crystalline MgO, (0 < x < 1) [[layer]] in which [[the]] (001)
crystal plane is preferentially oriented, wherein said magnetoresistive device is used

as a load for said transistor.

(Currently Amended) A method of manufacturing a magnetoresistive device
comprising:

preparing a substrate;

depositing a first ferromagnetic material layer comprising an amorphous
magnetic alloy on said substrate;

forming an amorphous MgO iayer on said first ferromagnetic material layer
and then crystallizing said amorphous MgO layer by annealing so as to form a tunnel
barrier layer comprising a-—single-erystalline Mg0O,00-er a poly-crystalline MgOy
(0 <x < 1) in which [[the]] a (001) crystal plane is preferentially oriented; and

depositing a second ferromagnetic material layer comprising an amorphous

magnetic alloy on said tunnel barrier layer.

(Currently Amended) The method of manufacturing the magnetoresistive device

according to claim 21, wherein the step of forming said tunnel barrier layer

comprising said-single-erystalline- Mg0O,(00H-or said poly-crystalline MgOx (0 <x <
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23.

24,

25.

26.

27.

28.

1) in which [[the]] (001) crystal plane is preferentially oriented involves deposition by
sputtering using a target with the value of x in MgOy adjusted.

(Previously Presented) The magnetoresistive device according to claim 4, wherein

said discontinuous value is in the range of 0.2 to 0.5 eV.

(Previously Presented) The magnetoresistive device according to claim 4, wherein

said discontinuous value is in the range of 0.10 to 0.85 eV.

(Previously Presented) The memory device according to claim 7, wherein
the first ferromagnetic material layer and the second ferromagnetic material

layer are each a BCC structure.

(Currently Amended) The memory device according to claim 7, wherein
] I basrier ises MeO(00D),-and
the first ferromagnetic material layer and the second ferromagnetic material

layer each comprise Fe(001).

(Currently Amended) The memory device according to claim 7, wherein

the-tunnel-barrier layer-comprises MgO@61);

the first ferromagnetic material layer and the a second ferromagnetic material
layer each comprises a single-crystalline (001) [[layer]]or a poly-crystalline [[layer]]
of Fe or an Fe alloy of the BCC structure, said polycrystalline [[layer]] having [[thel]
(001) crystal plane preferentially oriented therein, and

a discontinuous value (the potential barrier height of the tunnel barrier)
between the bottom of the conduction band of said tunnel barrier layer and the Fermi
energy of at least one of said first and said second ferromagnetic layers is smaller than
an ideal value in the case where the MgO-(0061H) tunnel barrier layer is formed by a
perfect single-crystal MgO.

(Previously Presented) The memory device of claim 27, wherein said discontinuous

value is in the range of 0.2 to 0.5 eV.
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29. (Previously Presented) The memory device of claim 27, wherein said discontinuous

value is in the range 0f 0.10 to 0.85 eV.

30. (Currently Amended) The memory device according to claim 7, wherein

the first ferromagnetic material layer and the second ferromagnetic material
layer are each a BCC structure, and

a discontinuous value (the potential barrier height of the tunnel barrier)
between the bottom of the conduction band of said tunnel barrier layer and the Fermi
energy of at least one of said first and said second ferromagnetic layers is smaller than
an ideal value in the case where the MgO+(001H tunnel barrier layer is formed by a
perfect single-crystal MgO.

31. (Previously Presented) The memory device of claim 30, wherein said discontinuous

value is in the range of 0.2 to 0.5 eV.

32. (Previously Presented) The memory device of claim 30, wherein said discontinuous

value is in the range 0f 0.10 to 0.85 eV.
33-34. (Cancelled).

3s. (Currently Amended) The magnetoresistive device according to claim [[17]]16,

wherein said discontinuous value is in the range of 0.2 to 0.5 eV.

36. (Currently Amended) The magnetoresistive device according to claim [[17]]16,

wherein said discontinuous value is in the range of 0.10 to 0.85 eV.

37. (Currently Amended) The memory device of claim 20, wherein the discontinuous
value (the potential barrier height of the tunnel barrier) between the bottom of the
conduction band of said tunnel barrier layer and the Fermi energy of at least one of
said first and said second ferromagnetic layers is smaller than an ideal value in the

case where the MgO+001H tunnel barrier layer is formed by a perfect single-crystal
MgO.
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38.

39.

40.

41.

42.

(Previously Presented) The memory device of claim 20, wherein said discontinuous

value is in the range 0f 0.2 to 0.5 eV.

(Previously Presented) The memory device of claim 20, wherein said discontinuous

value is in the range 0f 0.10 to 0.85 eV.

(New) A method of manufacturing a magnetoresistive device comprising;

preparing a substrate;

depositing a first ferromagnetic material layer comprising an amorphous
magnetic alloy on said substrate;

forming an amorphous MgQO layer on said first ferromagnetic material layer
and then crystallizing said amorphous MgO layer by annealing so as to form a tunnel
barrier layer comprising a poly-crystalline MgOx (0 < x < 1) in which (001) crystal
plane is preferentially oriented; and

depositing a second ferromagnetic material layer comprising an amorphous
magnetic alloy on said tunnel barrier layer; and

annealing so as to crystallize said amorphous magnetic alloy.

(New) A method of manufacturing a magnetoresistive device of claim 40, wherein

said ferromagnetic material is CoFeB alloy.

(New) A magnetoresistive device comprising a magnetic tunnel junction structure
comprising:

a tunnel barrier layer;

a first ferromagnetic material layer formed on a first side of said tunnel barrier
layer; and

a second ferromagnetic material layer formed on a second side of said tunnel
barrier,

wherein

said tunnel barrier layer is formed by a poly-crystalline MgO, (0 <x < 1) in
which (001) crystal plane is preferentially oriented, and

a discontinuous value (the potential barrier height of the tunnel barrier)

between the bottom of the conduction band of said tunnel barrier layer and the Fermi
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43.

44.

45.

energy of at least one of said first and said second ferromagnetic layers is in the range
0f 0.10 to 0.85 eV.

(New) A magnetoresistive device of claim 42, wherein said discontinuous value is in

the range 0of 0.2 to 0.5 eV.

(New) A magnetoresistive device comprising a magnetic tunnel junction structure
comprising:

a tunnel barrier layer;

a first ferromagnetic material layer formed on a first side of said tunnel barrier
layer; and

a second ferromagnetic material layer formed on a second side of said tunnel
barrier,

wherein

said tunnel barrier layer is formed by a poly-crystalline MgO, (0 <x < 1) in
which (001) crystal plane is preferentially oriented, and

a magnetoresistance ratio of said device is more than 70 %.

(New) A magnetoresistive device comprising a magnetic tunnel junction structure
comprising:

a tunnel barrier layer;

a first ferromagnetic material layer formed on a first side of said tunnel barrier
layer; and

a second ferromagnetic material layer formed on a second side of said tunnel
barrier,

wherein

said tunnel barrier layer is formed by a poly-crystalline MgOx (0 <x < 1) in
which (001) crystal plane is preferentially oriented,

a magnetoresistance ratio of said device is more than 70%, and

a discontinuous value (the potential barrier height of the tunnel barrier),
between the bottom of the conduction band of said tunnel barrier layer and the Fermi
energy of at least one of said first and said second ferromagnetic layers, is in the range
0f 0.10 to 0.85 eV.
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46.

47.

48.

(New) A magnetoresistive device comprising a magnetic tunnel junction structure
comprising:

a tunnel barrier layer;

a first ferromagnetic material layer formed on a first side of said tunnel barrier
layer, and

a secoﬁd ferromagnetic material layer formed on a second side of said tunnel
barrier,

wherein

said tunnel barrier layer is formed by a poly-crystalline MgO, (0 <x < 1) in
which (001) crystal plane is preferentially oriented,

a magnetoresistance ratio of said device is more than 70%,

a discontinuous value (the potential barrier height of the tunnel barrier),
between the bottom of the conduction band of said tunnel barrier layer and the Fermi
energy of at least one of said first and said second ferromagnetic layers, is in the range
of 0,10 to 0.85 eV, and

an output voltage of said device is more than 200 mV.

(New) A magnetoresistive device of claim 45, wherein said discontinuous value is in

the range of 0.2 to 0.5 eV.

(New) A magnetoresistive device comprising a magnetic tunnel junction structure
comprising;

a tunnel barrier layer;

a first ferromagnetic material layer formed on a first side of said tunnel barrier
layer; and »
‘ a second ferromagnetic material layer formed on a second side of said tunnel
barrier,

wherein

said tunnel barrier layer is formed by a polycrystalline MgO, (0 < x -< 1) in
which (001) crystal plane is preferentially oriented, and

an output voltage of said device is more than 200 mV.

10
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49.

50.

51.

52.

53.

54.

(New) A tunnel barrier layer on a ferromagnetic material layer, wherein said tunnel
barrier layer is formed by a poly-crystalline MgOy (0 < x < 1) in which (001) crystal
plane is preferentially oriented, and a discontinuous value (the potential barrier height

of the tunnel barrier) is in the range of 0.10 to 0.85 eV.

(New) A tunnel barrier layer of claim 49, wherein said discontinuous value is in the

range of 0.2 to 0.5 eV.

(New) A tunnel barrier layer

comprising a poly-crystalline MgOy (0 < x < 1) in which (001) crystal plane is
preferentially oriented, and

having a discontinuous value (the potential barrier height of the tunnel barrier)

is in the range of 0.10 to 0.85 eV.

(New) A tunnel barrier layer of claim 49, wherein said discontinuous value is in the

range of 0.2 to 0.5 eV.

(New) A tunnel barrier layer used for a magnetoresistive device having an output
voltage of more than 200 mV, wherein said tunnel barrier layer is formed by a poly-

crystalline MgO 4 (0 < x < 1) in which (001) crystal plane is preferentially oriented.

(New) A magnetoresistive device comprising a magnetic tunnel junction structure
comprising:

a tunnel barrier layer;

a first ferromagnetic material layer fonned’ on a first side of said tunnel barrier
layer; and

a second ferromagnetic material layer formed on a second side of said tunnel
barrier,

wherein

said first or second ferromagnetic material layer comprising an amorphous
ferromagnetic alloy, and

said tunnel barrier layer is formed by a poly-crystalline MgOy (0 <x < 1) in
which (001) crystal plane is preferentially oriented.

H
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55.

56.

57.

58.

59.

(New) A magnetoresistive device of claim 54, wherein said ferromagnetic alloy is

CoFeB alloy.

(New) A magnetoresistive device comprising a magnetic tunnel junction structure
comprising;:

a tunnel barrier layer;

a first ferromagnetic material layer formed on a first side of said tunnel barrier
layer; and

a second ferromagnetic material layer formed on a second side of said tunnel
barrier,

wherein

said first or second ferromagnetic material layer comprising an amorphous
ferromagnetic alloy,

said tunnel barrier layer is formed by a poly-crystalline MgO, (0 <x < 1) in
which (001) crystal plane is preferentially oriented, and

a discontinuous value (the potential barrier height of the tunnel barrier),
between the bottom of the conduction band of said tunnel barrier layer and the Fermi
energy of at least one of said first and said second ferromagnetic layers, is in the range

0f 0.10 to 0.85 eV.

(New) A magnetoresistive device of claim 56, wherein said discontinuous value is in

die range of 0.2 to 0.5 eV.

(New) A magnetoresistive device of claim 56, wherein said ferromagnetic alloy is
CoFeB alloy.

(New) A magnetoresistive device comprising a magnetic tunnel junction structure
comprising:

a tunnel barrier layer;

a first ferromagnetic material layer formed on a first side of said tunnel barrier
layer, and

a second ferromagnetic material layer formed on a second side of said tunnel

12
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60.

61.

62.

63.

64.

65.

barrier,

wherein

said first or second ferromagnetic material layer comprising an amorphous
ferromagnetic alloy,

said tunnel barrier layer is formed by a poly-crystalline MgOx (0 < x < 1) in
which (001) crystal plane is preferentially oriented,

a discontinuous value (the potential barrier height of the tunnel barrier),
between the bottom of the conduction band of said tunnel barrier layer and the Fermi
energy of at least one of said first and said second ferromagnetic layers, is in the range
of 0.2 to 0.5 eV, and

an output voltage of said device is more than 200 mV.

(New) A tunnel barrier layer on ferromagnetic material layer, wherein said
ferromagnetic material layer comprising an amorphous ferromagnetic alloy,

said tunnel barrier layer is formed by a poly-crystalline MgOy (0 <x < 1) in
which (001) crystal plane is preferentially oriented.

(New) A tunnel barrier layer of claim 60, wherein said ferromagnetic alloy is CoFeB

alloy.

(New) A tunnel barrier layer of claim 60, wherein said tunnel barrier layer has a

discontinuous value (the potential barrier height of the tunnel barrier) of 0.2 to 0.5 eV.

(New) A magnetoresistive device of claim 46, wherein said discontinuous value is in

the range 0f 0.2 to 0.5 eV.

(New) A magnetoresistive device of claim 57, wherein said ferromagnetic alloy is

CoFeB alloy.

(New) A tunnel barrier layer of claim 61, wherein said tunnel barrier layer has a

discontinuous value (the potential barrier height of the tunnel barrier) of 0.2 to 0.5 eV.
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REMARKS

In view of the above amendments and Applicants' comments stated herein, Applicants
respectfully request an early and favorable action on the merits.

Claims 1-7, 15-16, 18-25, 27-32, 35-65 are under consideration in this application.
Claims 8-14, 17, 26, 33-34 are being cancelled without prejudice or disclaimer. Claims 1-4,
7, 15-16, 20-22, 26-27, 30, 35-37 are being amended, as set forth above and in the attached
marked-up presentation of the claim amendments, in order to more particularly define and
distinctly claim Applicants' invention. New claims 40-65 are being added. All the new claims
are supported by the specification. Applicants hereby submit that no new matter is being
introduced into the application through the submission of this Supplemental Preliminary

Amendment.

Present Invention

The magnetoresistive device (i.e., a magnetic tunnel junction device (“MTJ device”)
of the present invention is provided with the following three characteristics:

(1) A tunnel barrier layer comprises MgOx.

(2) Said MgOy is a single-crystalline (001) Mg0O, (0 < x < 1) or a poly-crystalline
MgOy (0 <x < 1) in which (001) crystal plane is preferentially oriented.

(3) x is O<x<1. (Namely, if this is represented as “MgO crystals,” the crystals have
oxygen vacancy defects.) '

The MT]J device of the present invention delivers the following performance:

(i) A larger MR ratio (i.e., TMR ratio) at room temperature, i.e., exceeding 70% at
room temperature);

(ii) A lower discontinuous value*, i.e., 0.1 to 0.85 ¢V, in particular, 0.2 to 0.5 eV (*A
discontinuous value, between the bottom of the conduction band of said tunnel barrier layer
and the Fermi energy of at least one of said first and said second ferromagnetic layers, is
sméller than an ideal discontinuous value (in the case where said tunnel barrier layer is
formed by a perfect single-crystal MgO). The discontinuous value hereinafter is cited as the
height ¢ of the tunnel barrier).

(iii) A higher output voltage, i.e., more than 200 mV at room temperature.
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Favorable consideration of this application as amended is respectfully solicited.
Should there be any outstanding issues requiring discussion that would further the
prosecution and allowance of the above-captioned application, the Examiner is invited to
contact the Applicants' undersigned representative at the address and telephone number

indicated below.

Respectfully submitted,

Stanley P. Fisher

W —

; ;
an Cﬁs:ﬁikfr/q{lez
Registration Ne: 34,072

REED SMITH LLP

3110 Fairview Park Drive
Suite 1400

Falls Church, Virginia 22042
[(703) 641-4200

January 10, 2008

SPF/ICM/JT
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Commissioner of Patents
P.O. Box 1450
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Sir:
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Stanley P. Fisher
Registration Number 24,344
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( ) Notice of Priority with Form-1449 and references
( ) Response to Missing Parts ( ) Notice of Related Applications
with executed declaration ( ) Check for $0.00
= The Commissioner is hereby authorized to charge payment of any fees associated with
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\ Stanley P. Fisher
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[x] The Commissioner is hereby authorized to charge any additional fees associated with this
communication, or credit any overpayment to Deposit Account Number 08-1480.

Respectfully submitted,

Stanley P. Fisher
Registration Number 24,344
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Suite 1400

Falls Church, Virginia 22042
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of
YUASA Art Unit 2827
Application Number: 10/591,947
Examiner
Filed: September 8, 2006 Alonzo CHAMBLISS

For: MAGNETIC TUNNEL JUNCTION DEVICE AND
METHOD OF MANUFACTURING THE SAME

A A S S P T g

Attorney Docket No. HIRA.0236

Commissioner of Patents
P.O. Box 1450
Alexandria, VA 22313-1450

SUPPLEMENTAL PRELIMINARY AMENDMENT

Sir:
This is supplemental to the Preliminary Amendment filed on January 10, 2008

concurrently with the application. Prior to an examination on the merits, please amend the

- above-identified application as follows:

US_ACTIVE-100661005.2 11/7/08 7:27 AM
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* IN THE CLAIMS:

Please cancel claims 1-4, 7, 15-16, 20-22, 26-27, 30, 35-37, and 40-65, and add new

claims 66-119 as follows:

1-65. (Cancelled)

66. (New) A magnetoresistive device having a magnetic tunnel junction structure
comprising:
a tunnel barrier layer;

a first ferromagnetic material layer of the BCC structure formed on a first side
of said tunnel barrier layer; and

a second ferromagnetic material layer of the BCC structure formed on a
second side of said tunnel barrier layer, wherein

said tunnel barrigr layer is formed by a single-crystalline MgO, (001) (0 <x <
1) or a poly-crystalline MgOy (0 < x < 1) in which (001) crystal plane is preferentially

oriented.

67. (New) The magnetoresistive device according to claim 66, wherein a discontinuous
value (to be hereafter referred to as “the tunnel barrier height) between the bottom of
the conduction band of said tunnel barrier layer and the Fermi energy of at least one

of said first and said second ferromagnetic layers is in the range of 0.10 to 0.85 eV.

68. (New) The magnetoresistive device according to claim 67, wherein the tunnel barrier

height is in the range of 0.2 t0 0.5 eV.

69. (New) The magnetoresistive device according to claim 67, wherein said ferromagnetic
material comprises a single-crystalline (001) of Fe or Fe-based alloy, or a poly-
crystalline of Fe or Fe-based alloy in which (001) crystal plane is preferentially

oriented.

70.  (New) The magnetoresistive device according to claim 69, wherein the tunnel barrier

height is in the range 0of 0.2 to 0.5 eV.
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" 71,

72.

73.

(New) A magnetoresistive device having a magnetic tunnel junction structure
comprising: ‘

a tunnel barrier layer;

a first ferromagnetic material layer of the BCC structure formed on a first side
of said tunnel barrier layer; and

a second ferromagnetic material layer of the BCC structure formed on a
second side of said tunnel barrier layer, wherein

said tunnel barrier layer comprises a single-crystalline MgO (001) or a poly-
crystalline MgO in which (001) crystal plane is preferentially oriented, said MgO
having oxygen vacancy defects and said tunnel barrier layer having the tunnel barrier
height of 0.2 to 0.5 eV, and

an output voltage of said device is more than 200 mV at room temperature.

(New) A magnetoresistive device comprising:
a first ferromagnetic material layer of the BCC structure;
a second ferromagnetic material layer of the BCC structure; and
a magnesium oxide layer located between said first ferromagnetic
material layer and said second ferromagnetic material layer, wherein
said magnesium oxide is a single-crystalline (001) or a poly-crystalline
crystalline in which (001) crystal plane is preferentially oriented, and

said magnesium oxide has oxygen vacancy defects.

(New) A magnetoresistive device having a magnetic tunnel junction structure
comprising:

a tunnel barrier layer;

a first ferromagnetic material layer formed on a first side of said tunnel barrier
layer; and

- a second ferromagnetic material layer formed on a second side of said tunnel

barrier,

wherein

said tunnel barrier layer is formed by a poly-crystalline MgO4 (0 <x < 1) in
which (001) crystal plane is preferentially oriented, and

the tunnel barrier height is in the range of 0.10 to 0.85 eV.
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T 74.

75.

76.

77.

78.

(New) The magnetoresistive device according to claim 73, wherein the tunnel barrier

height is in the range 0f 0.2 to 0.5 eV.

(New) The magnetoresistive device according to claim 73, wherein a

magnetoresistance ratio of said device is more than 70 %.

(New) The magnetoresistive device according to claim 73, wherein an output voltage

of said device is more than 200 mV at room temperature.

(New) A magnetoresistive device having a magnetic tunnel junction structure
comprising:

a tunnel barrier layer;

a first ferromagnetic material layer formed on a first side of said tunnel barrier
layer; and

a second ferromagnetic material layer formed on a second side of said tunnel
barrier layer, wherein

said tunnel barrier layer comprises a poly-crystalline MgO in which (001)
crystal plane is preferentially oriented, said MgO having oxygen vacancy defects,

said tunnel barrier layer has the tunnel barrier height of 0.2 to 0.5 eV,

a magnetoresistance ratio of said device is more than 70 %, and

an output voltage of said device is more than 200 mV at room temperature.

(New) A magnetoresistive device having a magnetic tunnel junction structure
comprising:

a tunnel barrier layer;

a first ferromagnetic material layer formed on a first side of said tunnel barrier
layer; and

a second ferromagnetic material layer formed on a second side of said tunnel
barrier layer, wherein

said tunnel barrier layer comprises a poly-crystalline magnesium oxide having
oxygen vacancy defects in which (001) crystal plane is preferentially oriented,

said tunnel barrier layer has the tunnel barrier height of 0.2 to 0.5 eV,
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79.

80.

8.

82.

a magnetoresistance ratio of said device is more than 70 %, and

an output voltage of said device is more than 200 mV at room temperature.

(New) A magnetoresistive device having a magnetic tunnel junction structure
comprising:

a tunnel barrier layer;

a first ferromagnetic material layer formed on a first side of said tunnel barrier
layer; and

a second ferromagnetic material layer formed on a second side of said tunnel
barrier layer, wherein

said tunnel barrier layer comprises a poly-crystalline magnesium oxide in
which (001) crystal plane is preferentially oriented,

said tunnel barrier layer has the tunnel barrier height of 0.2 to 0.5 eV,

a magnetoresistance ratio of said device is more than 70 %, and

an output voltage of said device is more than 200 mV at room temperature.

(New) A magnetoresistive device having a magnetic tunnel junction structure
comprising: '

a tunnel barrier layer;

a first amorphous ferromagnetic material layer formed on a first side of said
tunnel barrier layer; and '

a second amorphous ferromagnetic material layer formed on a second side of
said tunnel barrier layer, wherein

said tunnel barrier layer comprises a poly-crystalline MgOy (0 < x < 1) in
which (001) crystal plane is preferentially oriented.

(New) The magnetoresistive device according to claim 80, wherein said first and

second amorphous ferromagnetic material layers comprise CoFeB alloy.

(New) A magnetoresistive device having a magnetic tunnel junction structure
comprising:

a tunnel barrier layer;

a first ferromagnetic material layer formed on a first side of said tunnel barrier

layer; and
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83.

84.

85.

86.

87.

a second ferromagnetic material layer formed on a second side of said tunnel
barrier layer, wherein

said first and second ferromagnetic material layer comprise an amorphous
CoFeB alloy and

said tunnel barrier layer comprises a poly-crystalline magnesium oxide in
which (001) crystal plane is preferentially oriented, said magnesium oxide having

oxygen vacancy defects.

(New) A magnetoresistive device having a magnetic tunnel junction structure
comprising:

a first ferromagnetic material layer;

a tunnel barrier layer deposited on the first ferromagnetic material layer; and

a second ferromagnetic material layer formed on said tunnel barrier layer,

wherein

at least said first ferromagnetic material layer is amorphous and

said tunnel barrier layer comprises a poly-crystalline MgOx (0 < x < 1) in
which (001) crystal plane is preferentially oriented.

(New) The magnetoresistive device according to claim 83, wherein said first

ferromagnetic material layer comprises CoFeB alloy.

(New) The magnetoresistive device according to claim 83, wherein said tunnel barrier

layer has the tunnel barrier height of 0.2 to 0.5 eV.

(New) The magnetoresistive device according to claim 85, wherein said first

ferromagnetic material layer comprises CoFeB alloy.

(New) A magnetoresistive device having a magnetic tunnel junction structure
comprising:

a first ferromagnetic material layer;

a tunnel barrier layer deposited on the first ferromagnetic material layer; and

a second ferromagnetic material layer formed on said tunnel barrier layer,
wherein

at least said first ferromagnetic material layer is amorphous and
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88.

89.

50.

91.

said tunnel barrier layer comprises a poly-crystalline magnesium oxide in
which (001) crystal plane is preferentially oriented, said magnesium oxide having

oxygen vacancy defects.

(New) A magnetoresistive device having a magnetic tunnel junction structure
comprising:

a first ferromagnetic material layer;

a tunnel barrier layer deposited on the first ferromagnetic material layer; and

a second ferromagnetic material layer formed on said tunnel barrier layer,
wherein

at least said first ferromagnetic material layer is amorphous and

said tunnel barrier layer comprises a poly-crystalline magnesium oxide in

which (001) crystal plane is preferentially oriented.

(New) A memory device comprising:

a transistor; and

a magnetoresistive device comprising a tunnel barrier layer; a first
ferromagnetic material layer formed on a first side of said tunnel barrier layer; and a
second ferromagnetic material layer formed on a second side of said tunnel barrier
layer, wherein

said tunnel barrier layer is formed by a single-crystalline [(001)] MgO (001)
(0 < x < 1) or a poly-crystalline MgOy (0 < x < 1) in which (001) crystal plane is
preferentially oriented, wherein

the tunnel barrier height of said tunnel barrier layer is in the range of 0.2 to 0.5
eV and '

said magnetoresistive device is used as a load for said transistor.

(New) A tunnel barrier layer comprising a poly-crystalline MgOx (0 < x < 1) in which
(001) crystal plane is preferentially oriented and having the tunnel barrier height of
0.2t0 0.5eV.

(New) A tunnel barrier layer used for a magnetoresistive device having an output
voltage of more than 200 mV, wherein

said tunnel barrier layer is formed by a poly-crystalline MgOy (0 <x < 1) in
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92.

93.

94.

9s.

96.

97.

98.

which (001) crystal plane is preferentially oriented and
the tunnel barrier height of said tunnel barrier layer is in the range of 0.2 to 0.5
eV.

(New) A tunnel barrier layer used for a magnetoresistive device having an output
voltage of more than 200 mV, wherein
said tunnel barrier layer is formed by a poly-crystalline MgO in which (001)
crystal plane is preferentially oriented, said MgO having oxygen vacancy defects and
the tunnel barrier height of said tunnel barrier layer is in the range of 0.2 to 0.5
eV.

(New) A tunnel barrier layer deposited on a ferromagnetic material layer, wherein

said tunnel barrier layer is formed by a poly-crystalline MgO, (0 <x < 1) in
which (001) crystal plane is preferentially oriented and

the tunnel barrier height of said tunnel barrier layer is in the range of 0.2 to 0.5
eV.

(New) A tunnel barrier layer deposited on an amorphous ferromagnetic material layer,
wherein

said tunnel barrier layer is formed by a poly-crystalline MgOy (0 <x < 1) in
which (001) crystal plane is preferentially oriented.

(New) The tunnel barrier layer according to claim 94, wherein said amorphous

ferromagnetic material is CoFeB alloy.

(New) The tunnel barrier layer according to claim 94, wherein said tunnel barrier

layer has the tunnel barrier height of 0.2 to 0.5 eV.

(New) The tunnel barrier layer according to claim 96, wherein said ferromagnetic

material is CoFeB alloy.

(New) A tunnel barrier layer deposited on an amorphous ferromagnetic material layer,
wherein

said tunnel barrier layer comprises a poly-crystalline magnesium oxide in which (001)
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crystal plane is preferentially oriented, said magnesium oxide having oxygen vacancy

defects.

99. (New) The tunnel barrier layer according to claim 98, wherein said ferromagnetic

material comprises CoFeB alloy.

100. (New) A tunnel barrier layer deposited on an amorphous ferromagnetic material layer,
wherein
said tunnel barrier layer comprises a poly-crystalline magnesium oxide in

which (001) crystal plane is preferentially oriented.

101. (New) The tunnel barrier layer according to claim 100, wherein said ferromagnetic

material comprises CoFeB alloy.

102.  (New) A method of manufacturing a magnetoresistive device comprising:

preparing a substrate;

depositing a first amorphous ferromagnetic material layer on said substrate;

forming an amorphous MgO or MgOy (0 < x < 1) layer on said first
amorphous ferromagnetic material layer and then crystallizing said amorphous MgO
or MgOy (0 < x < 1) layer by annealing so as to form a tunnel barrier layer comprising
a poly-crystalline MgO or MgOy (0 < x < 1) in which (001) crystal plane is
preferentially oriented; and

depositing a second amorphous ferromagnetic material layer on said tunnel

barrier layer.

103. (New) The method of manufacturing a magnetoresistive device according to claim
102, wherein the method further comprises an annealing step as to partially or entirely

crystallize said amorphous ferromagnetic material layer or layers.

104. (New) A method of manufacturing a magnetoresistive device comprising;
preparing a substrate;
depositing a first amorphous ferromagnetic material layer on said substrate;
forming an amorphous magnesium oxide layer on said first amorphous

ferromagnetic material layer and then crystallizing said amorphous magnesium oxide
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layer by annealing so as to form a tunnel barrier layer comprising a poly-crystalline
magnesium oxide in which (001) crystal plane is preferentially oriented; and
depositing a second amorphous ferromagnetic material layer on said tunnel

barrier layer.

105. (New) The method of manufacturing a magnetoresistive device according to claim
104, wherein the method further comprises an annealing step as to partially or entirely

crystallize said amorphous ferromagnetic material layer or layers.

106. (New) A method of manufacturing a part of magnetoresistive device having a
magnetic tunnel junction structure comprising:
preparing a substrate;
depositing a first amorphous ferromagnetic material layer on said substrate;
forming an amorphous magnesium oxide layer on said first amorphous
ferromagnetic material layer and then crystallizing said amorphous magnesium oxide
layer by annealing so as to form a tunnel barrier layer comprising a poly-crystalline

magnesium oxide in which (001) crystal plane is preferentially oriented.

107. (New) The method of manufacturing a part of magnetoresistive device having a
magnetic tunnel junction structure according to claim 106, wherein said poly-

crystalline magnesium oxide has oxygen vacancy defects.

108. (New) The method of manufacturing a part of magnetoresistive device having a
magnetic tunnel junction structure according to claim 106, wherein said ferromagnetic

material is CoFeB alloy.

109. (New) The method of manufacturing a part of magnetoresistive device having a
magnetic tunne! junction structure according to claim 108, wherein said poly-

crystalline magnesium oxide has oxygen vacancy defects.

110. (New) A magnetic multilayer film comprising:
a first ferromagnetic material layer comprising an amorphous magnetic alloy;
a second ferromagnetic material layer comprising an amorphous magnetic

alloy; and

10
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a crystalline magnesium oxide layer located between said first ferromagnetic

material layer and said second ferromagnetic material layer.

111.  (New) The magnetic multilayer film according to claim 110, wherein
said crystalline magnesium oxide is a poly-crystalline magnesium oxide in

which (001) crystal plane is preferentially oriented.

112. (New) The magnetic multilayer film according to claim 110, wherein each of said

ferromagnetic materials comprises CoFeB alloy.

113.  (New) The magnetic multilayer film according to claim 112, wherein said crystalline
magnesium oxide is a poly-crystalline magnesium oxide in which (001) crystal plane

is preferentially oriented.

114. (New) A magnetic multilayer film comprising:
a first ferromagnetic material layer;
a second ferromagnetic material layer; and
a crystalline magnesium oxide layer located between said first ferromagnetic
material layer and said second ferromagnetic material layer, said magnesium oxide

layer has oxygen vacancy defects.

115.  (New) A multilayer structure comprising: ‘
a first ferromagnetic material layer comprising an amorphous CoFeB alloy;
a crystalline magnesium oxide layer deposited on said first ferromagnetic
layer; and
a second ferromagnetic material layer deposited on said crystalline magnesium

oxide layer.

116. (New) The multilayer structure according to claim 115, wherein said crystalline

magnesium oxide is poly-crystalline magnesium oxide.

117. (New) The multilayer structure according to claim 115, wherein said crystalline
magnesium oxide is poly-crystalline magnesium oxide in which (001) crystal plane is

preferentially oriented.
H
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118. (New)The multilayer structure according to claim 115, wherein said amorphous

magnetic material layer have been partially or entirely crystallized by post-annealing.

119. (New) The multilayer structure according to claim 117, wherein said amorphous

magnetic material layer have been partially or entirely crystallized by post-annealing.

12
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REMARKS

In view of the above amendments and Applicant’s comments stated herein, Applicant
respectfully requests an early and favorable action on the merits.

Claims 66-119 are under consideration in this application. Claims 1-4, 7, 15-16, 20-
22, 26-27, 30, 35-37, and 40-65 are being cancelled without prejudice or disclaimer. New
claims 66-119 are being added. All the new claims are supported by the specification.
Applicant hereby submits that no new matter is being introduced into the application through
the submission of this Supplemental Preliminary Amendment.

Favorable consideration of this application as amended is respectfully solicited.
Should there be any outstanding issues requiring discussion that would further the
prosecution and allowance of the above-captioned application, the Examiner is invited to
contact the Applicant’s undersigned representative at the address and telephone number

indicated below.

Respectfully submitted,

Stanley P. Fisher
Registration Number 24,344

REED SMITHLLP

3110 Fairview Park Drive
Suite 1400

Falls Church, Virginia 22042
[(703) 641-4200

November 7, 2008
SPF/ICM/IT
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Application No. Applicant(s)
10/591,947 YUASA, SHINJI

Office Action Summary Examiner ArtUnit
Alonzo Chambliss 2892

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s) filed on 07 November 2008.
2a)] This action is FINAL. 2b)[] This action is non-final.
3)[1 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X Claim(s) 66-119 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5)] Claim(s) ____is/are allowed.
6)] Claim(s) ____is/are rejected.
7)[] Claim(s) _____is/are objected to.

8)X] Claim(s) 66-119 are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)] The drawing(s) filed on is/are: a)[_] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)lJAIl  b)[]Some * ¢)[] None of:
1. Certified copies of the priority documents have been received.
2. Certified copies of the priority documents have been received in Application No. ____
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) |:| Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)
2) [[] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _
3) [] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date 6) |:| Other: ____
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20090511
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Application/Control Number: 10/591,947 Page 2
Art Unit; 2892

Election/Restrictions
1. This application contains claims directed to the following patentably distinct
species of the claimed invention:

Species of magnetoresistive device:

A1. A magnetoresistive device with a second ferromagnetic layer.

A2. A magnetoresistive device without a second ferromagnetic layer.

Applicant is required under 35 U.S.C. 121 to elect a single disclosed species for
prosecution on the merits to which the claims shall be restricted if no generic claim is
finally held to be allowable. Currently, no claims are generic.

Applicant is advised that a reply to this requirement must include an identification
of the species that is elected consonant with this requirement, and a listing of all claims
readable thereon, including any claims subsequently added. An argument that a claim
is allowable or that all claims are generic is considered nonresponsive unless
accompanied by an election.

Upon the allowance of a generic claim, applicant will be entitled to consideration
of claims to additional species which are written in dependent form or otherwise include
all the limitations of an allowed generic claim as provided by 37 CFR 1.141. If claims
are added after the election, applicant must indicate which are readable upon the
elected species. MPEP § 809.02(a).

Should applicant traverse on the ground that the species are not patentably
distinct, applicant should submit evidence or identify such evidence now of record

showing the species to be obvious variants or clearly admit on the record that this is the
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Application/Control Number: 10/591,947 Page 3
Art Unit; 2892

case. In either instance, if the examiner finds one of the inventions unpatentable over
the prior art, the evidence or admission may be used in a rejection under 35

U.S.C. 103(a) of the other invention.

Conclusion
2. Any inquiry concerning the communication or earlier communications from the

examiner should be directed to Alonzo Chambliss whose telephone number is (571)

272-1927.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Thao Le can be reached on (571) 272-1708. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system Status information for published
applications may be obtained from either Private PMR or Public PMR. Status
information for unpublished applications is available through Private PMR only. For
more information about the PMR system see http://pair-dkect.uspto.gov. Should you
have questions on access to the Private PMR system contact the Electronic Business

Center (EBC) at 866-217-9197 (toll-free) or EBC_Support@uspto.gov.

{Alonzo Chambliss/
AC/September 1, 2008 Primary Examiner, Art Unit 2892
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of
YUASA

Application Number: 16/591,947
Filed: September 8, 2006

For: MAGNETIC TUNNEL JUNCTION DEVICE AND
METHOD OF MANUFACTURING THE SAME

Attorney Docket No. HIRA.0236
Commissioner of Patents

P.O. Box 1450
Alexandria, VA 22313-1450

A A i T A S

Art Unit 2892

Examiner
Alonzo CHAMBLISS

RESPONSE TO RESTRICTION REQUIREMENT

Sir:

This is in response to the Office Action mailed on May 12, 2009, the period of

response to which is set to expire on June 12, 2009. Applicants hereby elect the continuing

prosecution of Species A1l as recited in claims 66-89, 102-105 and 110-119, without traverse.
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IN THE CLAIMS:

Claim 66-89, 102-105 and 110-119 stand for consideration as follows, wherein claims
90-101 and 106-109 are hereby withdrawn from further consideration without prejudice or

disclaimer, all as follows:
1-65. (Cancelled)

66. (Previously Presented) A magnetoresistive device having a magnetic tunnel junction
structure comprising:
a tunnel barrier layer;

a first ferromagnetic material layer of the BCC structure formed on a first side
of said tunnel barrier layer; and

a second ferromagnetic material layer of the BCC structure formed on a
second side of said tunnel barrier layer, wherein

said tunnel barrier layer is formed by a single-crystalline MgO, (001) (0 <x <
1) or a poly-crystalline MgOx (0 < x < 1) in which (001) crystal plane is preferentially

oriented.

67. (Previously Presented) The magnetoresistive device according to claim 66, wherein a
discontinuous value (to be hereafier referred to as “the tunnel barrier height”) between
the bottom of the conduction band of said tunnel barrier layer and the Fermi energy of
at least one of said first and said second ferromagnetic layers is in the range of 0.10 to

0.85eV.

68. (Previously Presented) The magnetoresistive device according to claim 67, wherein

the tunnel barrier height is in the range 0of 0.2 to 0.5 eV.

69. (Previously Presented) The magnetoresistive device according to claim 67, wherein
said ferromagnetic material comprises a single-crystalline (001) of Fe or Fe-based
alloy, or a poly-crystalline of Fe or Fe-based alloy in which (001) crystal plane is

preferentially oriented.

70. (Previously Presented) The magnetoresistive device according to claim 69, wherein
the tunnel barrier height is in the range of 0.2 to 0.5 eV.
2
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71.

72.

73.

(Previously Presented) A magnetoresistive device having a magnetic tunnel junction
struf:thre comprising: |

a tunnel barrier layer;

a first ferromagnetic material layer of the BCC structure formed on a first side
of said tunnel barrier layer; and

a second ferromagnetic material layer of the BCC structure formed on a
second side of said tunnel barrier layer, wherein

said tunnel barrier layer comprises a single-crystalline MgO (001) or a poly-
crystalline MgO in which (001) crystal plane is preferentially oriented, said MgO
having oxygen vacancy defects and said tunnel barrier layer having the tunnel barrier
height 0f0.2t0 0.5 eV, and

an output voltage of said device is more than 200 mV at room temperature.

(Previously Presented) A magnetoresistive device comprising:
a first ferromagnetic material layer of the BCC structﬁre;
a second ferromagnetic material layer of the BCC structure; and
a magnesium oxide layer located between said first ferromagnetic
material ~léyer and said second ferromagnetic material layer, wherein
said magnesium oxide is a single-crystalline (001) or a poly-crystalline
crystalline in which (001) crystal plaﬁe is preferentially oriented, and

said magnesium oxide has oxygen vacancy defects.

(Previously Presented) A magnetoresistive device having a magnetic tunnel junction
structure comprising:

a tunnel barrier layer;

a first ferromagnetic material layer formed on a first side of said tunnel barrier
layer; and

a second ferromagnetic material layer formed on a second side of said tunnel
barrier,

wherein

said tunnel barrier layer is formed by a poly-crystalline MgOy (0 <x < 1) in
which (001) crystal plane is preferentially oriented, and ‘

the tunnel barrier height is in the range of 0.10 to 0.85 eV.

3
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74.

75.

76.

717.

78.

(Previously Presented) The magnetoresistive device according to claim 73, wherein

the tunnel barrier height is in the range of 0.2 to 0.5 eV.

(Previously Presented) The magnetoresistive device according to claim 73, wherein a

magnetoresistance ratio of said device is more than 70 %.

(Previously Presented) The magnetoresistive device according to claim 73, wherein

an output voltage of said device is more than 200 mV at room temperature. .

(Previously Presented) A magnetoresistive device having a magnetic tunnel junction
structure comprising:

a tunnel barrier layer;

a first ferromagnetic material layer formed on a first side of said tunnel barrier
layer; and

a second ferromagnetic material layer formed on a second side of said tunnel
barrier layer, wherein
said tunnel barrier layer comprises a poly-crystalline MgO in which (001)

crystal plane is preferentially oriented, said MgO having oxygen vacancy defects,
said tunnel barrier layer has the tunnel barrier height of 0.2 to 0.5 eV,
a magnetoresistance ratio of said device is more than 70 %, and

an output voltage of said device is more than 200 mV at room temperature.

(Previously Presented) A magnetoresistive device having a magnetic tunnel junction
structure comprising:

a tunnel barrier layer;

a first ferromagnetic material layer formed on a first side of said tunnel barrier
layer; and )

a second ferromagnetic material layer formed on a second side of said tunnel
barrier layer, wherein

said tunnel barrier layer comprises a poly-crystalline magnesium oxide having
oxygen vacancy defects in which (001) crystal plane is preferentially oriented,

said tunnel barrier layer has the tunnel barrier height of 0.2 to 0.5 eV,
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79.

80.

81.

82.

a magnetoresistance ratio of said device is more than 70 %, and

an output voltage of said device is more than 200 mV at room temperature.

(Previously Presented) A magnetoresistive device having a magnetic tunnel junction
structure comprising:

a tunnel barrier layer;

a first ferromagnetic material layer formed on a first side of said tunnel barrier
layer; and

a second ferromagnetic material layer formed on a second side of said tunnel
barrier layer, wherein

said tunnel barrier layer comprises a poly-crystalline magnesium oxide in
which (001) crystal plane is preferentially oriented,

said tunnel barrier layer has the tunnel barrier height 0f 0.2 t0 0.5 eV,
a magnetoresistance ratio of said device is more than 70 %, and

an output voltage of said device is more than 200 mV at room temperature.

(Previously Presented) A magnetoresistive device having a magnetic tunnel junction
structure comprising: |

a tunnel barrier layer;

a first amorphous ferromagnetic material layer formed on a first side of said
tunnel barrier layer; and

a second amorphous ferromagnetic material layer formed on a second side of
said tunnel barrier layer, wherein

said tunnel barrier layer comprises a poly-crystalline MgOx (0 <x < 1) in

which (001) crystal plane is preferentially oriented.

(Previously Presented) The magnetoresistive device according to claim 80, wherein

said first and second amorphous ferromagnetic material layers comprise CoFeB alloy.

(Previously Presented) A magnetoresistive device having a magnetic tunnel junction
structure comprising:

a tunnel barrier layer;

a first ferromagnetic material layer formed on a first side of said tunnel barrier

layer; and
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a second ferromagnetic material layer formed on a second side of said tunnel
barrier layer, wherein
said first and second ferromagnetic material layer comprise an amorphous
CoFeB alloy and '
said tunnel barrier layer comprises a poly-crystalline magnesium oxide in
which (001) crystal plane is preferentially oriented, said magnesium oxide having

oxygen vacancy defects.

83. (Previously Presented) A magnetoresistive device having a magnetic tunnel junction
structure comprising:

a first ferromagnetic material layer;
a tunnel barrier layer deposited on the first ferromagnetic material layer; and
a second ferromagnetic material layer formed on said tunnel barrier layer,
wherein
at least said first ferromagnetic material layer is amorphous and
said tunnel barrier layer comprises a poly-crystalline MgOx (0 <x < 1) in

which (001) crystal plane is preferentially oriented.

84. (Previously Presented) The magnetoresistive device according to claim 83, wherein

said first ferromagnetic material layer comprises CoFeB alloy.

85. (Previously Presented) The magnetoresistive device according to claim 83, wherein

said tunnel barrier layer has the tunnel barrier height of 0.2 to 0.5 eV.

86. (Previously Presented) The magnetoresistive device according to claim 85, wherein

said first ferromagnetic material layer comprises CoFeB alloy.

87. (Previously Presented) A magnetoresistive device having a magnetic tunnel junction
structure comprising:
a first ferromagnetic material layer;
a tunnel barrier layer deposited on the first ferromagnetic material layer; and
a second ferromagnetic material layer formed on said tunnel barrier layer,
wherein

at least said first ferromagnetic material layer is amorphous and

6
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said tunnel barrier layer comprises a poly-crystalline magnesium oxide in
which (001) crystal plane is preferentially oriented, said magnesium oxide having

oxygen vacancy defects.

88. (Previously Presented) A magnetoresistive device having a magnetic tunnel junction
structure comprising: |
a first ferromagnetic material layer;

a tunnel barrier layer deposited on the first ferromagnetic material layer; and

a second ferromagnetic material layer formed on said tunnel barrier layer,
‘wherein

at least said first ferromagnetic material layer is amorphous and

said tunnel barrier layer comprises a poly-crystalline magnesium oxide in

which (001) crystal plane is preferentially oriented.

89. (Previously Presented) A memory device comprising:
a transistor; and
a magnetoresistive device comprising a tunnel barrier layer; a first
ferromagnetic material layer formed on a first side of said tunnel barrier layer; and a
second ferromagnetic material layer formed on a second side of said tunnel barrier
layer, wherein A
said tunnel barrier layer is formed by a single-crystalline [(001)] MgOy (001)
(0 <x < 1) or a poly-crystalline MgOx (0 < x < 1) in which (001) crystal plane is
preferentially oriented, wherein
the tunnel barrier height of said tunnel barrier layer is in the range of 0.2 to
0.5 eV and

said magnetoresistive device is used as a load for said transistor.

90. (Withdrawn) A tunnel barrier layer comprising a poly-crystalline MgOx (0 <x < 1) in
which (001) crystal plane is preferentially oriented and having the tunnel barrier
height 0of 0.2 to 0.5 eV.

91. (Withdrawn) A tunnel barrier layer used for a magnetoresistive device having an
output voltage of more than 200 mV, wherein
said tunnel barrier layer is formed by a poly-crystalline MgOx (0 <x < 1) in

7
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92.

93.

94.

96.

97.

98.

which (001) crystal plane is preferentially oriented and
the tunnel barrier height of said tunnel barrier layer is in the range of 0.2 to

0.5¢eV.

(Withdrawn) A tunnel barrier layer used for a magnetoresistive device having an
output vbltage of more than 200 mV, wherein

said tunnel barrier layer is formed by a poly-crystalline MgO in which (001)

crystal plane is preferentially oriented, said MgO having oxygen vacancy defects and

the ﬁmnel barrier height of said tunnel barrier layer is in the range of 0.2 to

0.5eV.

(Withdrawn) A tunnel barrier layer deposited on a ferromagnetic material layer,
wherein

said tunnel barrier layer is formed by a poly-crystalline MgOy (0 < x < 1) in
which (001) crystal plane is preferentially oriented and

the tunnel barrier height of said tunnel barrier layer is in the range of 0.2 to 0.5

eV.

(Withdrawn) A tunnel barrier layer deposited on an amorphous ferromagnetic
material layer, wherein
said tunnel barrier layer is formed by a poly-crystalline MgO, (0 < x < 1) in

which (001) crystal plane is preferentially oriented.

(Withdrawn) The tunnel barrier layer according to claim 94, wherein said amorphous

ferromagnetic material is CoFeB alloy.

(Withdrawn) The tunnel barrier layer according to claim 94, wherein said tunnel

barrier layer has the tunnel barrier height of 0.2 to 0.5 eV.

(Withdrawn) The tunnel barrier layer according to claim 96, wherein said

ferromagnetic material is CoFeB alloy.

(Withdrawﬁ) A tunnel barrier layer deposited on an amorphous ferromagnetic

material layer, wherein
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99.

100.

101.

102.

103.

104.

said tunnel barrier layer comprises a poly-crystalline magnesium oxide in
which (001) crystal plane is preferentially oriented, said magnesium oxide having

oxygen vacancy defects.

(Withdrawn) The tunnel barrier layer according to claim 98, wherein said

ferrofnagnetic material comprises CoFeB alloy.

(Withdrawn) A tunnel barrier layer deposited on an amorphous ferromagnetic
material layer, wherein ‘
said tunnel barrier layer comprises a poly-crystalline magnesium oxide

in which (001) crystal plane is preferentially oriented.

(Withdrawn) The tunnel Barrier layer according to claim 100, wherein said

ferromagnetic material comprises CoFeB alloy.

(Previously Presented) A method of manufacturing a magnetoresistive device
comprising:

preparing a substrate;

depositing a first amorphous ferromagnetic material layer on said substrate;

forming an amorphous MgO or MgOy (0 <x < 1) layer on said first
amorphous ferromagnetic material layer and then crystallizing said amorphous MgO
or MgOy (0 <x <.1) layer by annealing so as to form a tunnel barrier layer comprising
a poly-crystalline MgO or MgOy (0 < x < 1) in which (001) crystal plane is
preferentially oriented; and

depositing a second amorphous ferromagnetic material layer on said tunnel

barrier layer.

(Previously Presented) The method of manufacturing a magnetoresistive device
according to claim 102, wherein the method further comprises an annealing step as to

partially or entirely crystallize said amorphous ferromagnetic material layer or layers.

(Previously Presented) A method of manufacturing a magnetoresistive device
comprising;

preparing a substrate;
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105.

106.

107.

108.

109.

110.

depositing a first amorphous ferromagnetic material layer on said substrate;

forming an amorphous magnesium oxide layer on said first amorphous
ferromagnetic material layer.and then crystallizing said amorphous magnesium oxide
layer by annealing so as to form a tunnel barrier layer comprising a poly-crystalline
magnesium oxide in which (001) crystal plane is preferentially oriented; and

depositing a second amorphous ferromagnetic material layer on said tunnel

barrier layer.

(Previously Presented) The method of manufacturing a magnetoresistive device
according to claim 104, wherein the method further comprises an annealing step as to

partially or entirely crystallize said amorphous ferromagnetic material layer or layers.

(Withdrawn) A method of manufacturing a part of magnetoresistive device having a
magnetic tunnel junction structure comprising:

preparing a substrate;

depositing a first amorphous ferromagnetic material layer on said substrate;

forming an amorphous magnesium oxide layer on said first amorphous
ferromagnetic material layer and then crystallizing said amorphous magnesium oxide
layer by annealing so as to form a tunnel barrier layer comprising a poly-crystalline

magnesium oxide in which (001) crystal plane is preferentially oriented.

(Withdrawn) The method of manufacturing a part of magnetoresistive device having a
magnetic tunnel junction structure according to claim 106, wherein said poly-

crystalline magnesium oxide has oxygen vacancy defects.

(Withdrawn) The method of manufacturing a part of magnetoresistive device having a
magnetic tunnel junction structure according to claim 106, wherein said ferromagnetic

material is CoFeB alloy.

(Withdrawn) The method of manufacturing a part of magnetoresistive device having a
magnetic tunnel junction structure according to claim 108, wherein said poly-

crystalline magnesium oxide has oxygen vacancy defects.

(Previously Presented) A magnetic multilayer film comprising:

10
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111.

112.

113.

114.

115.

116.

a first ferromagnetic material layer comprising an amorphous magnetic alloy;

a second ferromagnetic material layer comprising an amorphous magnetic
alloy; and .

a crystalline magnesium oxide layer located between said first ferromagnetic

material layer and said second ferromagnetic material layer.

(Previously Presented) The magnetic multilayer film according to claim 110, wherein
said crystalline magnesium oxide is a poly-crystalline magnesiﬁm oxide in

which (001) crystal plane is preferentially oriented.

(Previously Presented) The magnetic multilayer film according to claim 110, wherein

each of said ferromagnetic materials comprises CoFeB alloy.

(Previously Presented) The magnetic multilayer film according to claim 112, wherein
said crystalline magnesium oxide is a poly-crystalline magnesium oxide in which

(001) crystal plane is preferentially oriented.

(Previously Presented) A magnetic multilayer film comprising;:
a first ferromagnetic material layer;
a second ferromagnetic material layer; and
a crystalline magnesium oxide layer located between said first ferromagnetic
material layer and said second ferromagnetic material layer, said magnesium oxide

layer has oxygen vacancy defects.

(Previously Presented) A multilayer structure comprising:

a first ferromagnetic material layer comprising an amorphous CoFeB alloy;

a crystalline magnesium oxide layer deposited on said first ferromagnetic
layer; and

a second ferromagnetic material layer deposited on said crystalline magnesium

oxide layer.

(Previously Presented) The multilayer structure according to claim 115, wherein said

crystalline magnesium oxide is poly-crystalline magnesium oxide.

1"
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117.

118.

119.

(Previously Presented) The multilayer structure according to claim 115, wherein said
crystalline magnesium oxide is poly-crystalline magnesium oxide in which (001)

crystal plane is preferentially oriented.

(Previously Presented)The multilayer structure according to claim 115, wherein said
amorphous magnetic material layer have been partially or entirely crystallized by

post-annealing.

- (Previously Presented) The multilayer structure according to claim 117, wherein said

amorphous magnetic material layer have been partially or entirely crystallized by

post-annealing.

12
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REMARKS

The following remarks are being submitted as a full and complete response to the
Office Action dated May 12, 2009. In view of the following remarks, the Examiner is
respectfully requested to proceed with examination of the application on the merits, to

indicate the allowability of the claims, and to pass this case to issue.

Restriction Requirement

In response to the Examiner's restriction requirement set forth in the above-mentioned
Office Action, Applicants hereby elect the continued prosecution of the invention identified
as Species Al as recited in claims 66-89, 102-105 and 110-119, without traverse. Applicants
understand that all the non-elected species and their corresponding claims are hereby
withdrawn from further consideration in this pending application. Applicants hereby reserve

the right to file divisional applications on such non-elected inventions.

Conclusion

Favorable consideration of this application is respectfully solicited. Should there be
any outstanding issues requiring discussion that would further the prosecution and allowance
of the above-captioned application, the Examiner is invited to contact the Applicants’

undersigned representative at the address and phone number indicated below.

Respectfully submitted,

yd

Juan CW
Registration N6-34,072

REED SMITH LLP

3110 Fairview Park Drive
Suite 1400

Falls Church, Virginia 22042
(703) 641-4200

June 12, 2009
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Application Number:
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METHOD OF MANUFACTURING THE SAME

Attorney Docket No. HIRA.0236

Commissioner of Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

[x]

Examiner
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COVER LETTER

The fee for submission of claims is calculated as shown below:

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Art Unit 2892

Alonzo CHAMBLISS

FOR TOTAL WITH TOTAL CLAIMS RATE CALCULATION
NEW CURRENTLY ON ALREADY
CLAIMS FILE PAID
ADDED
Total Claims 54 54 34 x $52 0
{(Over 20)
Independent 26 26 23 x $220 0
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MULTIPLE + $390 0
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CLAIM?S
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TOTAL 0
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In addition, the below-identified communications are submitted in the above-captioned application
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[ 1 Preliminary Amendment
[ ] Substitute Specification
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[ ]
[ ] _—
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__-month Extension of Time
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{ ] Please charge my Deposit Account Number in the amount of to cover
the fees for . A duplicate copy of this paper is enclosed.

[ ] Acheckinthe amount of § to cover the fee is enclosed.

[x] The Commissioner is hereby authorized to charge any additional fees associated with this
communication, or credit any overpayment to Deposit Account Number 08-1480.

Respectfully submitted,

o / )
eglstranon N ber 34 072
REED SMITH LLP
3110 Fairview Park Drive, Suite 1400
Falls Church, Virginia 22042

(703) 641-4200
June 12, 20609
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communication, or credit any overpayment to Deposit Account Number 08-1480.

Respectfully submitted,

Registration Number 34,072

REED SMITH LLP

3110 Fairview Park Drive, Suite 1400
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WD EX1002
Western Digital v IP Bridge
Page 223



o

O\Pg&

JUN'1 22009 =

&

o

In re U.S. Patent Application of

YUASA

Application Number:

Filed: September 8, 2006

For:

10/591,947

MAGNETIC TUNNEL JUNCTION DEVICE AND

METHOD OF MANUFACTURING THE SAME

Attorney Docket No. HIRA.0236

Commissioner of Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

[x]

Examiner

St S ot St St ' Nt ewwt ot w— “wat’ '

COVER LETTER

The fee for submission of claims is calculated as shown below:

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Art Unit 2892

Alonzo CHAMBLISS

FOR TOTAL WITH TOTAL CLAIMS RATE CALCULATION
NEW CURRENTLY ON ALREADY
CLAIMS FILE PAID
ADDED
Total Claims 54 54 34 x $52 0
{(Over 20)
Independent 26 26 23 x $220 0
f::xelms (Over 3) $
MULTIPLE + $390 0
DEPENDENT
CLAIM?S
l}E)DU N FOR FILING BY SMALL ENTITY (note 37 C.F.R. §§ 1.9, X %
\F APPLIC BLE VERIFIED STATEMENT MUST BE ATTACHED
TOTAL 0

ShJ

In addition, the below-identified communications are submitted in the above-captioned application

or proceeding;:

[ x ] Response/Amendment to Office Action [ ] Petition for

(with Claim Election)
[ 1 Preliminary Amendment
[ ] Substitute Specification
[ ] Terminal Disclaimer

[ 1]
[ ]
[ ] _—
[ IR

__-month Extension of Time
Information Disclosure Statement w/ form 1449
Letter to Draftsperson
sheets of replacement drawings

<

equest for Continued Examination

WD EX1002

Western Digital v IP Bridge
Page 224



{ ] Please charge my Deposit Account Number in the amount of to cover
the fees for . A duplicate copy of this paper is enclosed.

[ ] Acheckinthe amount of § to cover the fee is enclosed.

[x] The Commissioner is hereby authorized to charge any additional fees associated with this
communication, or credit any overpayment to Deposit Account Number 08-1480.

Respectfully submitted,

o / )
eglstranon N ber 34 072
REED SMITH LLP
3110 Fairview Park Drive, Suite 1400
Falls Church, Virginia 22042

(703) 641-4200
June 12, 20609
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of

YUASA Art Unit 2892
Application Number: 10/591,947

Examiner
Filed: September 8, 2006 Alonzo CHAMBLISS

For: MAGNETIC TUNNEL JUNCTION DEVICE AND
METHOD OF MANUFACTURING THE SAME

N’ N’ Nt N’ St Neat e N’ e Nt S

Attorney Docket No. HIRA.0236

Commissioner of Patents
P.O. Box 1450
Alexandria, VA 22313-1450
COVER LETTER

Sir:

[x] The fee for submission of claims is calculated as shown below:

FOR TOTAL WITH TOTAL CLAIMS RATE CALCULATION
NEW CURRENTLY ON ALREADY
CLAIMS FILE PAID
ADDED
. 4 34 2 0
Total Claims 54 5 (Ovebm x $5
Independent 26 26 23 x $220 0
Claims (Over 3)
MULTIPLE +$390 | 0
DEPEN?FSNT
CLAIM(S
ll{EZD7U?T21§)N FOR FILING BY SMALL ENTITY (note 37 C.F.R. §§ 1.9, x ¥
IF APPLICABLE, VERIFIED STATEMENT MUST BE ATTACHED
TOTAL 0

In addition, the below-identified communications are submitted in the above-captioned application
or proceeding:

[ x ] Response/Amendment to Office Action [ ] Petition for __ -month Extension of Time
(with Claim Election) [ ] Information Disclosure Statement w/ form 1449
[ 1 Preliminary Amendment [ ] Letter to Draftsperson
[ ] Substitute Specification [ ] __ sheets of replacement drawings
[ ] Terminal Disclaimer [ ] Request for Continued Examination
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[ ] Please charge my Deposit Account Number in the amount of to cover
the fees for . A duplicate copy of this paper is enclosed.

[ 1 Acheckinthe amountof $ to cover the fee is enclosed.

[x] The Commissioner is hereby authorized to charge any additional fees associated with this
communication, or credit any overpayment to Deposit Account Number 08-1480.

Respectfully submitted,

Registration Number 34,072

REED SMITH LLP

3110 Fairview Park Drive, Suite 1400
Falls Church, Virginia 22042

(703) 641-4200

June 12, 2009
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number [ Filing Date
Substitute for Form PTO-875 10/591,947 09/08/2006 | [ To be Mailed
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY [] OR SMALL ENTITY
—
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L1 Basic Fee N/A N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
[
SEARCH FEE
(37 CFR 1.18(k), (i), or (m)) N/A N/A N/A N/A
D EXAMINATION FEE
(37 CFR 1.16(0). (p). or (a)) N/A N/A N/A N/A
é?EAFI_R(iH%I(II\;I)S minus20= [ * X$ = ORI xs =
INDEPENDENT CLAIMS ) . — -
(37 CFR 1.16(h)) minus 3 = x$ = x$ =
If the specification and drawings exceed 100
0O sheets of paper, the application size fee due
!;l;PCL;(éﬁT:gN SIZE FEE is $250 ($125 for small entity) for each
( 16(s) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(@)(1)(G) and 37 CFR 1.16(s).
D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
-
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
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REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
— | 06/12/2009 | \rrer PREVIOUSLY EXTRA RATE 8) | Fee (5 RATE (3) FEE ($)
E AMENDMENT PAID FOR
% I?Gt?') (37 CFR = 54 Minus | = 55 -0 X$ = OR | x s$s52= 0
E s';‘;’g‘;;"ﬁfg‘s;)) » 24 Minus J =24 =0 X$ = OR J X s220- 0
= |:| Application Size Fee (37 CFR 1.16(s))
< [
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADDL 0
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE®) | FEE 3 RATE (3) FEE ($)
— AMENDMENT PAID FOR
g | 1o e * Minus | = = xs = oR [xs =
> Independent . Minus | == - X $ = OR X$ =
() 37 CFR 1.16(h)) =
LZIJ I:‘ Application Size Fee (37 CFR 1.16(s))
=
< D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADDL
FEE FEE
j*lf the eintlry in column 1 is Ies§ than theT entn{‘in column 2, write- “0” in column 3. . Legal Instrument Examiner:
If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”. JCAROLYN E. THOMAS/
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: gg}gMIi%éOVER FOR PATENTS
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Alexandria, Virginia 22313-1450
WWW.USPLO.gov

| APPLICATION NUMBER | PATENT NUMBER | GROUP ART UNIT |
10/591,947 2892

FILE WRAPPER LOCATION |
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Correspondence Address/Fee Address Change

The following fields have been set to Customer Number 38327 on 06/25/2009
« Correspondence Address

« Maintenance Fee Address
« Power of Attorney Address
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3110 FAIRVIEW PARK DRIVE, SUITE 1400
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLo.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
10/591,947 09/08/2006 Shinji Yuasa HIRA.0236 8009
38327 7590 11/23/2009 | EXAMINER |
Juan Carlos A. Marquez
c/o Stites & Harbison PLLC CHAMBLISS, ALONZO
1199 North Fairfax Street
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Suite 900
Alexandria, VA 22314-1437 2892
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Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.
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Application No. Applicant(s)
10/591,947 YUASA, SHINJI

Office Action Summary Examiner ArtUnit
Alonzo Chambliss 2892

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

)X Responsive to communication(s) filed on 12 June 2009.
2a)] This action is FINAL. 2b)X] This action is non-final.
3)[1 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X Claim(s) 66-89,102-105 and 110-119 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.

5[] Claim(s)_____is/are allowed.

6)X] Claim(s) 66-89.102-105 and 110-119 is/are rejected.

7)[] Claim(s) _____is/are objected to.

8)[] Claim(s) _____are subject to restriction and/or election requirement.

Application Papers

9)[X The specification is objected to by the Examiner.
10)X] The drawing(s) filed on 08 September 2006 is/are: a)[ ] accepted or b)[X] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)lX[All  b)[] Some * ¢)[] None of:
1..X Certified copies of the priority documents have been received.
2. Certified copies of the priority documents have been received in Application No. ____
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) |:| Notice of References Cited (PT0O-892) 4) |:| Interview Summary (PTO-413)
2) ] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. ____
3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date 9/8/06,1/22/08.8/7/08. 6) D Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-08) Office Action Summary Part of Paper No./Mail Date 20091026
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Application/Control Number: 10/591,947 Page 2
Art Unit; 2892

DETAILED ACTION
Election/Resftrictions
1. Applicant’s election without traverse of claims 66-89, 102-105, and 110-119 in

the reply filed on 6/12/09 is acknowledged.

Priority
2. Receipt is acknowledged of papers submitted under 35 U.S.C. 119(a)-(d), which

papers have been placed of record in the file.

Information Disclosure Statement
3. The information disclosure statement (IDS) submitted on 9/8/06,1/22/08, and
8/7/08 was filed before the mailing date of the non-final rejection on 10/26/09. The
submission is in compliance with the provisions of 37 CFR 1.97. Accordingly, the

information disclosure statement is being considered by the examiner.

Drawings
4. Figures 8A, 8B, 9A, 9B, and 9C should be designated by a legend such as --Prior
Art-- because only that which is old is illustrated. See MPEP § 608.02(g). Corrected
drawings in compliance with 37 CFR 1.121(d) are required in reply to the Office action
to avoid abandonment of the application. The replacement sheet(s) should be labeled
“‘Replacement Sheet” in the page header (as per 37 CFR 1.84(c)) so as not to obstruct

any portion of the drawing figures. If the changes are not accepted by the examiner, the
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Application/Control Number: 10/591,947 Page 3
Art Unit; 2892

applicant will be notified and informed of any required corrective action in the next Office
action. The objection to the drawings will not be held in abeyance.

5. The drawings are objected to as failing to comply with 37 CFR 1.84(p)(5)
because they include the following reference character(s) not mentioned in the
description: 113. Corrected drawing sheets in compliance with 37 CFR 1.121(d), or
amendment to the specification to add the reference character(s) in the description in
compliance with 37 CFR 1.121(b) are required in reply to the Office action to avoid
abandonment of the application. Any amended replacement drawing sheet should
include all of the figures appearing on the immediate prior version of the sheet, even if
only one figure is being amended. Each drawing sheet submitted after the filing date of
an application must be labeled in the top margin as either “Replacement Sheet” or “New
Sheet” pursuant to 37 CFR 1.121(d). If the changes are not accepted by the examiner,
the applicant will be notified and informed of any required corrective action in the next

Office action. The objection to the drawings will not be held in abeyance.

Specification
6. The disclosure is objected to because of the following informalities: Figures 8A
and 8B are missing from the Brief Description of the drawings.
Appropriate correction is required.
7. The title of the invention is not descriptive. A new title is required that is clearly
indicative of the invention to which the claims are directed. The following title is

suggested: “ MAGNECTIC TUNNEL JUNCTION DEVICE .
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Application/Control Number: 10/591,947 Page 4
Art Unit; 2892

8. The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

9. Claim 71 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite
for failing to particularly point out and distinctly claim the subject matter which applicant
regards as the invention.

10. Inclaim 71, the phrase " an output voltage of the device ” is vague and indefinite

since it is not clear from the claim what structure creates the output voltage.

Claim Rejections - 35 USC § 112

11.  The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

12.  Claims 66-70, 72, 80-88, 102-105, and 110-119 are rejected under 35
U.S.C. 112, second paragraph, as being incomplete for omitting essential elements,
such omission amounting to a gap between the elements. See MPEP § 2172.01. The
omitted elements are: the tunnel barrier height in a specified eV range.
13. Claims 72-89, 102-105, and 110-119 are rejected under 35 U.S.C. 112, second
paragraph, as being incomplete for omitting essential elements, such omission
amounting to a gap between the elements. See MPEP § 2172.01. The omitted
elements are: the first and second ferromagnetic material layers having a BCC
structure.

The prior art made of record and not relied upon is cited primarily to show the

product of the instant invention.
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Application/Control Number: 10/591,947 Page 5
Art Unit; 2892

Conclusion
14.  Any inquiry concerning the communication or earlier communications from the

examiner should be directed to Alonzo Chambliss whose telephone number is (571)

272-1927.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Thao Le can be reached on (571) 272-1708. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system Status information for published
applications may be obtained from either Private PMR or Public PMR. Status
information for unpublished applications is available through Private PMR only. For
more information about the PMR system see http://pair-dkect.uspto.gov. Should you
have questions on access to the Private PMR system contact the Electronic Business

Center (EBC) at 866-217-9197 (toll-free) or EBC_Support@uspto.gov.

AC/October 26, 2009 /Alonzo Chambliss/
Primary Examiner, Art Unit 2892
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THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of
YUASA Art Unit 2827
Application Number: 10/591,947
Filed: September 8, 2006

For: MAGNETIC TUNNEL JUNCTION DEVICE AND
METHOD OF MANUFACTURING THE SAME

ATTORNEY DOCKET NO. HIRA.0236

R N A S S g N N

Commissioner of Patents
P.O. Box 1450
Alexandria, VA 22313-1450
LETTER

Sir:

The below-identified communications are submitted in the above-captioned application
or proceeding:

(x) Information Disclosure Statement
with Form-1449 and reference(s)
( ) Credit Card form payment

X  The Commissioner is hereby authorized to charge payment of any fees associated with
this communication, including fees under 37 C.F.R. § 1.16 and 1.17 or credit any

overpayment to Deposit Account Number 12-0555.

Respectfully submitted,

/6an Caﬂos’ A‘ :
egistration Nui 34,072

STITES & HARBISON, PLLC
1199 N. Fairfax Street, Suite 900
Alexandria, Virginia 22314
(703) 739-4900

December 4, 2009
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Commissioner of Patents

PO Box 1450
Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Sir:

Pursuant to 37 C.F.R. §§1.56 and 1.97, this Information Disclosure Statement is
submitted in the above-identified patent application. A listing of documents to be published on
the face of any patent granted from this application is submitted herewith on Form PTO-1449,
Any other documents or information submitted for consideration by the Examiner are listed in
this paper. A copy of each foreign patent, or each publication or portion thereof listed or herein

identified, is submitted herewith.

CERTIFICATION

This Information Disclosure Statement is submitted after three months from the filing
date of the above-identified U.S. patent application and after the mailing date of the first Office
Action on the merits of the above-identified application, but prior to issuance of the earlier of

any Final Action or Notice of Allowance sent in such application.

It is also hereby certified that each item of information contained in this statement was
cited in a communication from a foreign patent office in a counterpart foreign application not

more than three months from the date of this filing. Therefore, no fee is due at this time.
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The Examiner is requested to acknowledge consideration of the information provided in

this paper in accordance with prescribed procedures.

Please charge any additional fees or credit any overpayments in connection with this

paper to Deposit Account No 12-0555.

Respectfully submitted,

(an Carlogf A.
egistrati

STITES & HARBISON, PLLC
1199 N. Fairfax Street, Suite 900
Alexandria, Virginia 22314
(703) 739-4900
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In re U.S. Patent Application of
YUASA

Application Numl;er: 10/591,947
Filed: September 8, 2006

For: MAGNETIC TUNNEL JUNCTION DEVICE AND
MEMORY DEVICE INCLUDING THE SAME
(AS AMENDED)

ATTORNEY DOCKET No. HIRA.0236

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Art Unit 2892

Examiner
Alonzo Chambliss

RESPONSE AND AMENDMENT UNDER 37 C.F.R. §1.111

Sir:

This is in response to the Office Action mailed on November 23, 2009, the period of

response to which is set to expire on March 23, 2010, with the payment of the appropriate

extension fees for an extension of time of one month. Please amend the above-referenced

application as follows:
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IN THE DRAWINGS:

Please amend/replace Figures 8(A)-9(C) with the substitute Figures 8(A)-9(C) provided
in the replacement sheets of drawings submitted herewith. Each of Figures 8(A)-9(C) is being

designated with a legend indicating that the illustration therein is prior art.
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IN THE SPECIFICATION:

Please amend/replace the Title of the Invention for the instant application as follows:

MAGNETIC TUNNEL JUNCTION DEVICE AND MEMORY DEVICE
INCLUDINGMETHOD-OE-MANUEACTURING THE SAME

Please amend/replace paragraphs [0006] and [0023] of the instant application as follows:

[0006] FIG. 9 shows an example of the basic structure of the MRAM. FIG. 9(A) shows a
perspective view of the MRAM, and FIG. 9(B) schematically shows a circuit block diagram.
FIG. 9(C) is a cross-section of an example of the structure of the MRAM. Referring to FIG.
9(A), in an MRAM, a word line WL and a bit line BL are disposed in an intersecting manner,
with an MRAM cell disposed at each intersection. As shown in FIG. 9(B), the MRAM cell
disposed at the intersection of a word line and a bit line comprises a MTJ device and a MOSFET
directly connected to the MTJ device. Stored information can be read by reading the resistance
value of the MTJ device that functions as a load resistance, using the MOSFET. The stored
information can be rewritten by applying a magnetic field to the MTJ device, for example. As
shown in FIG. 9(C), an MRAM memory cell comprises a MOSFET 100 including a source
region [[105]]103 and a drain region [[103]]105 both formed inside a p-type Si substrate 101,
and a gate electrode 111 formed on a channel region that is defined between the source and drain
regions. The MRAM also comprises a MTJ device 117. The source region [[105]]103 is
grounded _via a source junction 113, and the drain_region 105 is connected to a bit line BL via a

drain junction 115 and the MTJ device. A word line WL is connected to the gate electrode 111

in a region that is not shown.

[0023] Eig—8Figs. 8(A) and &(B) show[[s]] the structure of the MTJ device and its operating

principle.
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IN THE CLAIMS

Claims 68, 69, 72, 75, 77, 78, 84, and 89 are pending in this application, wherein claims

66, 67, 70, 71, 73, 74, 76, 79-83, 85-88, and 90-119 are being canceled without prejudice or

disclaimer, and wherein claims 68, 69, 72, 75, 77, 78, 84, and 89 are being amended to improve

form, as follows:

1-67.

68.

69.

70-71.

72.

(Canceled)

(Currently Amended) [[The]]A magnetoresistive device aceording-to-elaim-67having a
tunnel barrier junction structure, the magnetoresistive device comprising:

a tunnel barrier layer;

a first ferromagnetic material layer of a BCC structure formed on a first side of
said tunnel barrier layer; and

a second ferromagnetic material layer of the BCC structure formed on a second

side of said tunnel barrier laver, wherein

said tunnel barrier layer is formed by a single-crystalline MgOx (001) (0 <x <

1) or a poly-crystalline MgOx (0 < x < 1) in which (001) crystal plane is preferentially

oriented, and

wherein [[the]]a tunnel barrier height between a bottom of a conduction band of

said tunnel barrier layer and a Fermi energy of at least one of said first and second

ferromagnetic layers is_a discontinuous value in [[the]]a range of 0.2 to 0.5 V.

(Currently Amended) The magnetoresistive device according to claim [[67]]68, wherein
said ferromagnetic material comprises a single-crystalline (001) of Fe or Fe-based
alloy, or a poly-crystalline of Fe or Fe-based alloy in which (001) crystal plane is

preferentially oriented.
(Canceled).

(Currently Amended) A magnetoresistive device, comprising:

a first ferromagnetic material layer of [[the]]a BCC structure;
. .
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73-74.

75.

76.

71.

a second ferromagnetic material layer of the BCC structure; and

a magnesium oxide layer located between said first ferromagnetic material layer
and said second ferromagnetic material layer, wherein

said magnesium oxide is a single-crystalline (001) or a poly-crystalline
crystalline in which (001) crystal plane is preferentially oriented,[[ and]]

wherein said magnesium oxide has oxygen vacancy defects, and

wherein said magnesium oxide has a tunnel barrier height in a range of 0.2 to
0.5¢eV.

(Canceled).

(Currently Amended) The magnetoresistive device according to claim [[73]]68, wherein

a magnetoresistance ratio of said magnetoresistive device is more than 70 %.

(Canceled).

(Currently Amended) A magnetoresistive device having a magnetic tunnel junction
structure comprising:
a tunnel barrier layer;

a first ferromagnetic material.layer of a BCC structure formed on a first side of

said tunnel barrier layer; and

a second ferromagnetic material layer of the BCC structure formed on a second
side of said tunnel barrier layer, wherein

said tunnel barrier layer comprises a poly-crystalline MgO in which (001)
crystal plane is preferentially oriented, said MgO having oxygen vacancy defects,

wherein said tunnel barrier layer has [[the]]a tunnel barrier height of 0.2 to 0.5
eV, and

wherein a magnetoresistance ratio of said device is more than 70 %-and-an
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78.

79-83.

84.

85-88.

89.

(Currently Amended) A magnetoresistive device having a magnetic tunnel junction

structure, the magnetoresistive device comprising;:

a tunnel barrier layer;

a first ferromagnetic material layer of a BCC structure formed on a first side of
said tunnel barrier layer; and

a second ferromagnetic material layer of the BCC structure formed on a second
side of said tunnel barrier layer, wherein

said tunnel barrier layer comprises a poly-crystalline magnesium oxide having
oxygen vacancy defects in which (001) crystal plane is preferentially oriented,

said tunnel barrier layer has [[the]]a tunnel barrier height of 0.2 to 0.5 eV, and

a magnetoresistance ratio of said device is more than 70 %;-and-an-eutput

0 ora d-de e niore-than 00-1m oom-te
aHa-aev A vaw d S

(Canceled).

(Currently Amended) The magnetoresistive device according to claim [[83]]68, wherein

said first ferromagnetic material layer comprises CoFeB alloy.
(Canceled).

(Currently Amended) A memory device comprising:
a transistor; and
a magnetoresistive device comprising a tunnel barrier layer;

a first ferromagnetic material layer of a BCC structure formed on a first side of

said tunnel barrier layer; and

a second ferromagnetic material layer of the BCC structure formed on a second
side of said tunnel barrier layer, wherein

said tunnel barrier layer is formed by a single-crystalline 48684} MgOx (001)
(0 <x <1) or a poly-crystalline MgOx (0 < x < 1) in which (001) crystal plane is

preferentially oriented, wherein
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[[the]]a tunnel barrier height of said tunnel barrier layer is in [[the]]a range of
0.2t0 0.5 eV and

said magnetoresistive device is used as a load for said transistor.

90-119. (Canceled).
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~ REMARKS ,

The above amendments to the above-captioned application along with the following
remarks are being submitted as a full and complete response to the Office Action dated
November 23, 2009 (U.S. Patent Office Paper No. 20091026). In view of the above amendments
and the following fernarks, the Examiner is respectfully requested to give due reconsideration to

this application, to indicate the allowability of the claims, and to pass this case to issue.

Status of the Claims

As outlined above, claims 68, 69, 72, 75, 77, 78, 84, and 89 stand for consideration in this
application, wherein claims 66, 67, 70, 71, 73, 74, 76, 79-83, 85-88, and 90-119 are being
canceled without prejudice or disclaimer, and wherein claims 68, 69, 72, 75, 77, 78, 84, and 89
are being amended to improve form. |

All amendments to the application are fully supported therein. For example, the
amendments to the claims are supported by paragraphs [0015], [0027]-[0028], [0032]-[0033],
and [0036]-[0039], as well as by Figures 1(A)-2(D) and 5. Applicants hereby submit that no new

matter is being introduced into the application through the subrmission of this response.

Formality Objections/Rejections

The Examiner objected to Figures 8(A)-9(C) of the drawings, stating that these figures
shouid each be designated by a legend indicating that the illustration is prior art. As set forth
above, a set of replacement sheets of corrected drawings, in which each of Figures 8(A)-9(C) are
designated by a legend indicating that the illustration is prior art, thereby rendering moot and/or
obviating this objection.

The Examiner also objected to the drawings as failing to comply with 37 CFR 1.84(p)(5)
for including reference character “113” not mentioned in the description. As set forth above,
paragraph [0006] of the specification is being amended to correctly indicate that reference
character “113” refers to “a source junction,” thereby rendering moot and/or obviating this
objection.

The Examiner objected to the specification for failing to reference Figures 8A and 8B in

the Brief Description of the Drawings. As set forth above, paragraph [0023] of the specification

8-
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is being amended to specifically reference Figures 8A and 8B, thereby rendering moot and/or
obviating this objection.

The Examiner also objected to the specification for having a Title of the Invention that is
not sufficiently descriptive of the invention to which the claims are directed. As set forth above,
the Title of the Invention is being amended to “Magnetic Tunnel Junction Device and Memory
Device Including the Same,” thereby rendering moot and/or obviating this objection.

The Examiner rejected claim 71 under 35 U.S.C. §112, second paragraph, as being
indefinite. In partici,llar, the Examiner stated that the phrase “an output voltage of the device”
recited in claim 71 is vague. As set forth above, claim 71 is being canceled without prejudice or
disclaimer, thereby rendering moot and/or obviating this rejection.

The Examiner also rejected claims 66-70, 72, 80-88, 102-105, and 110-119 under 35
U.S.C. §112, second paragraph, as being indefinite. In particular, the Examiner stated that these
claims are incomplete for failure to recite “a tunnel barrier height in a specified eV range.” As
set forth above, each of these claims is either being canceled without prejudice or disclaimer,
amended to explicitly recite a limitation of a tunnel barrier height of a specified eV range, or
amended to depend from another claim that explicitly recites a limitation of a tunnel barrier
height of a specified eV range, thereby rendering moot and/or obviating this rejection of claims
66-70, 72, 80-88, 102-105 and 110-119.

The Examiner also rejected claims 72-89, 102-105, and 110-119 under 35 U.S.C. §112,
second paragraph, as being indefinite. In particular, the Examiner stated that these claims are
incomplete for failure to recite “first and second ferromagnetic layers having a BCC structure.”
As set forth above, each of these claims is either being canceled without prejudice or disclaimer,
amended to explicitly recite first and second ferromagnetic layers having a BCC structure, or
amended to depend from another claim that explicitly recites first and second ferromagnetic
layers having a BCC structure, thereby rendering moot and/or obviating this rejection of claims
72-89, 102-105, and 110-119.

Conclusion
In view of all the above, Applicants respectfully submit that the present application is

now in condition for allowance. Favorable reconsideration of this application as amended is

-9-

WD EX1002
Western Digital v IP Bridge
Page 259



respectfully solicited. Should there be any outstanding issues requiring discussion that would
further the prosecution and allowance of the above-captioned application, the Examiner is
invited to contact the Applicants’ undersigned representative at the address and phone number

indicated below.

Respectfully submitted,

Nicholas B. Trenkle
Registration Number 54,500

WF

Registration er 34,072

STITES & HARBISON PLLC
1199 North Fairfax Street

Suite 900 .

Alexandria, VA 22314-1437
(703) 739-4900 Voice

(703) 739-9577 Fax

Customer No. 38327

March 23, 2010

2355L.T:00236:166305:1: ALEXANDRIA
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE \
n re U.S. Patent Application of )
)
ASA )
/ ) Art Unit 2892
pplication Number: 10/591,947 )
) Examiner

Filed: September 8, 2006 ) Alonzo Chambliss
)
For: MAGNETIC TUNNEL JUNCTION DEVICE AND )
MEMORY DEVICE INCLUDING THE SAME )
(AS AMENDED) )
)
h ATTORNEY DOCKET No. HIRA.0236 )

Commissioner of Patents
P.O. Box 1450
Alexandria, VA 22313-1450

COVER LETTER

Sir:

[x] The fee for submission of claims is calculated as shown below:

FORrR TOTAL WITH TOTAL CLAIMS RATE CALCULATION
NEW CLAIMS CURRENTLY ON ALREADY
ADDED FILE PAID
Total Claims 8 54 34 x $52 0
(Over 20)
Independent 5 26 23 x $220 0
Claims ’ (Over 3) :
MULTIPLE + $390 0
DEPENDENT
CLAIM(S)
REDUCTION FOR FILING BY SMALL ENTITY (note 37 C.FR. §§ 1.9, 1.27, 1.28). XY
TOTAL 0

In addition, the below-identified communications are submitted in the above-captioned application or

proceeding:
[ x ] Response and Amendment to Office Action [ x ] Petition for Extension of Time 1 month
(with claim amendments) [ ] Information Disclosure Statement
[ ] Substitute Spec. & marked-up copy [ x] 2 sheets of replacement drawings
[ ] Preliminary Amendment { ] RCE
[ ] Other:
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[ ] Please charge my Deposit Account Number in the amount of to cover the fees for
[x] Credit card information for $130.00 to cover the 1-month extension of time fee is enclosed.
[x] The Commissioner is hereby authorized to charge any additional fees associated with this

communication, including fees under 37 C.F.R. § 1.16 and 1.17, or credit any overpayment to Deposit
Account Number 12-0555.

Respectfully submitted,

an Cazlé; arg S
Registratiory No,. 34,072

STITES & HARBISON PLLC
1199 North Fairfax Street, Suite 900
Alexandnia, VA 22314

Telephone: (703) 739-4900
Facsimile: (703) 739-9577
Customer No. 38327

March 23, 2010
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NITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of

YUASA
: Art Unit 2892
Application Number: 10/591,947
Examiner

Filed: September 8, 2006 Alonzo Chambliss

For: MAGNETIC TUNNEL JUNCTION DEVICE AND
MEMORY DEVICE INCLUDING THE SAME
(AS AMENDED)

N’ S st Nt St Nt Nt wwtt watt St | “wt et

ATTORNEY DOCKET No. HIRA.0236

Commissioner of Patents
P.O. Box 1450
Alexandria, VA 22313-1450

PETITION FOR EXTENSION OF TIME

Sir:
Applicants request that the time for taking action in this case be extended pursuant to 37

C.F.R. § 1.136(a) for one (1) month. The fee setin 37 C.F.R. § 1.17 for the extension of time is
$130.00 for a large entity.

Please charge any additional fee required for this extension of time to Deposit
Account 12-0555.

Also filed is a Response/Amendment to Office Action.:

Respectfully submitted,

STITES & HARBISON PLLC Number 34,072
1199 North Fairfax Street, Suite 900’

Alexandria, VA 22314

Telephone: (703) 739-4900 #3/24/2610 JADDO1  BAUEB1GR 16591947
Facsimile: (703) 739-9577 Bl Flz1251 138.08 op
Customer No.: 38327

March 23, 2010
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PTO/SB/06 (07-06)

Approved for use through 1/31/2007. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number [ Filing Date
Substitute for Form PTO-875 10/591,947 09/08/2006 | [ To be Mailed
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY [] OR SMALL ENTITY
—
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L1 Basic Fee N/A N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
[
SEARCH FEE
(37 CFR 1.18(k), (i), or (m)) N/A N/A N/A N/A
O
EXAMINATION FEE
(37 CFR 1.16(0). (p). or (a)) N/A N/A N/A N/A
é?EAFI_R(iH%I(II\;I)S minus20= [ * X$ = ORI xs =
INDEPENDENT CLAIMS ) N - -
(37 CFR 1.16(h)) minus 3 = x$ X%
If the specification and drawings exceed 100
0O sheets of paper, the application size fee due
!;l;PCL;(éﬁT:gN SIZE FEE is $250 ($125 for small entity) for each
( 16(s) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(@)(1)(G) and 37 CFR 1.16(s).
D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
-
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
— | 03/23/2010 | \rrer PREVIOUSLY EXTRA RATE 8) | Fee (5 RATE (3) FEE ($)
E AMENDMENT PAID FOR
g ﬁ: (37 CFR ~ 8 Minus | = 54 =0 X$ = or | x ss= 0
z | ye 15 winus | 26 - 0 xs - OR | x sz20- 0
= |:| Application Size Fee (37 CFR 1.16(s))
< [
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADDL 0
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE®) | FEE 3 RATE (3) FEE ($)
— AMENDMENT PAID FOR
g | 1o e * Minus | = = xs = oR [xs =
> Independent . Minus | == - X $ = OR X$ =
() 37 CFR 1.16(h)) =
LZIJ I:‘ Application Size Fee (37 CFR 1.16(s))
=
< D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADDL
FEE FEE
j*lf the eintlry in column 1 is Ies§ than theT entn{‘in column 2, write- “0” in column 3. . Legal Instrument Examiner:
If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”. JGAIL D. D. WOOTEN/
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

38327 7590 07/02/2010 | EXAMINER |
Juan Carlos A. Marquez CHAMBLISS, ALONZO
c/o Stites & Harbison PLLC | ART UNIT PAPER NUMBER |
1199 North Fairfax Street 2802
Suite 900

Alexandria, VA 22314-1437 DATE MAILED: 07/02/2010

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

10/591,947 09/08/2006 Shinji Yuasa HIRA.0236 8009
TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE AND METHOD OF MANUFACTURING THE SAME

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1510 $300 $0 $1810 10/04/2010

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now

Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)

and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (f required) and 1/2
the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.

WD EX1002
Western Digital v IP Bridge
Page 268



PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
in(ficated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
Eapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

38327 7590 07/02/2010
Certificate of Mailing or Transmission
Juan Carlos A. Marquez I hereby cerltify that Lhisﬂfee(fsf) Transmittal isf be}ng deiposited 1with the United
: : States Postal Service with sufficient postage for first class mail in an envelope
c/o Stites & Hé.lrbISOH PLLC addressed to the Mail Stop ISSUE FEE address above, or being facsimile
1199 North Fairfax Street transmitted to the USPTO (571) 273-2885, on the date indicated below.
Suite 900

(Depositor's name)

Alexandria, VA 22314-1437

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
10/591,947 09/08/2006 Shinji Yuasa HIRA.0236 8009
TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE AND METHOD OF MANUFACTURING THE SAME
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1510 $300 $0 $1810 10/04/2010
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
CHAMBLISS, ALONZO 2892 257-421000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

CFR 1.363). .
(1) the names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,

Address form PTO/SB/122) attached. . . . 2
(2) the name of a single firm (having as a member a

(] "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to

PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3

Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
da Applicant claims SMALL ENTITY status. See 37 CFR 1.27. b, Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent toa{hye Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
10/591,947 09/08/2006 Shinji Yuasa HIRA.0236 8009
38327 7590 07/02/2010 | E INER |
Juan Carlos A. Marquez CHAMBLISS, ALONZO
c/o Stites & Harbison PLLC | ART UNIT PAPER NUMBER |
1199 North Fairfax Street 2802
Suite 900 DATE MAILED: 07/02/2010

Alexandria, VA 22314-1437

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 565 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 565 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (5§71)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or
(571)-272-4200.

Page 3 of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.

WD EX1002
Western Digital v IP Bridge
Page 270



Application No. Applicant(s)

i . 10/591,947 YUASA, SHINJI
Notice of AIlowabIIlty Examiner Art Unit
Alonzo Chambliss 2892

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to the amendment filed on 3/23/10.

2. IX] The allowed claim(s) is/are 68,69,72,75,77,78,84 and 89.

3. IX] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)X] Al b)[]Some* c)[JNone of the:
1. Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: ____
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [[] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(@) [0 including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [] hereto or 2) [] to Paper No./Mail Date .

(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’'s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [ Notice of References Cited (PTO-892) 5. [[] Notice of Informal Patent Application
2. [ Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO/SB/08), 7. [0 Examiner's Amendment/Comment
Paper No./Mail Date 12/4/09
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [] Examiner's Statement of Reasons for Allowance
of Biological Material
9. [] Other .
U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-08) Notice of Allowability Part of Paper No./Mail Date 20100618

WD EX1002
Western Digital v IP Bridge
Page 271



Application/Control Number: 10/591,947 Page 2
Art Unit; 2892

DETAILED ACTION
1. The amendment filed on 3/23/10 has been fully considered and made of record
in the instant application.
Drawings
2. The drawings were received on 3/23/10. These drawings are approved by the
examiner.
Information Disclosure Statement
3. The information disclosure statement (IDS) submitted on 3/23/10 was filed before

the mailing date of the notice of allowance on 6/1910. The submission is in compliance
with the provisions of 37 CFR 1.97. Accordingly, the information disclosure statement is
being considered by the examiner.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

Any inquiry concerning the communication or earlier communications from the
examiner should be directed to Alonzo Chambliss whose telephone number is (571)

272-1927.
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Application/Control Number: 10/591,947 Page 3
Art Unit; 2892

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Thao Le can be reached on (571) 272-1708. The fax phone number for the

organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system Status information for published
applications may be obtained from either Private PMR or Public PMR. Status
information for unpublished applications is available through Private PMR only. For
more information about the PMR system see http://pair-dkect.uspto.gov. Should you
have questions on access to the Private PMR system contact the Electronic Business

Center (EBC) at 866-217-9197 (toll-free) or EBC_Support@uspto.gov.

AC/June 19, 2010 /Alonzo Chambliss/
Primary Examiner, Art Unit 2892
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

BIB DATA SHEET
CONFIRMATION NO. 8009

SERIAL NUMBER FILIN(DiAngiE 371(c) CLASS GROUP ART UNIT ATTORN'\IlEg.DOCKET
10/591,947 09/08/2006 365 2892 HIRA.0236
RULE
APPLICANTS

Shinji Yuasa, Ibaraki, JAPAN;

** CONTINUING DATA *r#xssmmminnmins
This application is a 371 of PCT/JP05/04720 03/10/2005

*k FOREIGN APPLICATIONS kkkkkkkkkkkkkkhhhhkkkhkkkk
JAPAN 2004-071186 03/12/2004
JAPAN 2004-313350 10/28/2004

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **

05/12/2007
Foreign Priorly claimed ives U STATEOR | SHEETS TOTAL |INDEPENDENT
35 USC 119(a-d) conditions met BYes Uno Q m%v?;tnege COUNTRY DRAWINGS CLAIMS CLAIMS
verfiedand LISy JAPAN 10 39 12
Acknowledged Examiner's Signature Initials

ADDRESS

Juan Carlos A. Marquez
¢/o Stites & Harbison PLLC
1199 North Fairfax Street
Suite 900

Alexandria, VA 22314-1437
UNITED STATES

TITLE
Magnetic tunnel junction device and method of manufacturing the same
Q Al Fees
FEES: Authority has b enin P U 1.16 Fees (Filing)
FILING FEE : Authority has been given in Paper - :
RECEIVED |No. to charge/credit DEPOSIT ACCOUNT |17 Fees (Processing Ext. of time)
7440 No. for following: 0 1.18 Fees (Issue)
Q Other
0 Credit |
BIB (Rev. 05/07).
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Receipt date: 12/04/20 Qgéc 04 2009 = 10591%4? GAU: 2892

Form PTO 1449 ATTY. DOCKET NUMBER SERIAL NUMBER
ASAM.0236 10/591,947
U.S. Department of Comnierce APPLICANT
Patent and Trademark Office YUASA
FILING DATE GRroup
Information Discl by Appli September 8, 2006 2827
U.S. Patent Documents
Examiner DOCUMENT NUMBER DATE NAME CLASS SuB FILING DATE
Initial CLASS
M%%%
i
M
Foreign Patent Documents
Examiner DOCUMENT NUMBER FILING DATE COUNTRY CLASS SuB- TRANSLATION
Initial CLASS YES No
EP 1085 586 A2 9/15/2000 EPO X
i ——
o
Other Documents (Including Author, Title, Date Pertinent Pages, Etc.)
Office Action from the European Patent Office dated November 6, 2009
—
[ oo

/Alonzo Chambliss/ {06/18/2010)

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /AC/

156631:1: ALEXANDRIA
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Search Notes

Application/Control No.

Applicant(s)/Patent Under
Reexamination

10591947 YUASA, SHINJI
Examiner Art Unit
Alonzo Chambliss 2892
SEARCHED
Class Subclass Date Examiner
SEARCH NOTES
Search Notes Date Examiner
East text search only - see attached printout 10/26/09 AC
Updated previous East text search only - see attached printout 6/19/10 AC
INTERFERENCE SEARCH
Class Subclass Date Examiner
257 4,295,421,427 6/19/10 AC
365 171 6/19/10 AC

U.S. Patent and Trademark Office

Part of Paper No. : 20100618
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

10591947 YUASA, SHINJI
Examiner Art Unit
Alonzo Chambliss 2892

ORIGINAL INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
257 295 Hlo |1 ]|L 27 /108 (2006.0)
cG11]c 11 /14 (2006.01.01)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
257 427 E29.323 E27.104 E29.164 E21.208
365 171
O Claims renumbered in the same order as presented by applicant O CPA O 71D O R1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
1 17 33 49 65 81
2 18 34 50 66 82
3 19 35 51 67 83
4 20 36 52 1 68 4 84
5 21 37 53 2 69 85
6 22 38 54 70 86
7 23 39 55 71 87
8 24 40 56 5 72 88
9 25 41 57 73 8 89
10 26 42 58 74
1 27 43 59 3 75
12 28 44 60 76
13 29 45 61 6 77
14 30 46 62 7 78
15 31 47 63 79
16 32 48 64 80
NONE
Total Claims Allowed:
8
(Assistant Examiner) (Date)
/Alonzo Chambliss/
Primary Examiner.Art Unit 2892 6/19/10 0O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1B

U.S. Patent and Trademark Office

Part of Paper No. 20100618
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APPROVED: /AC/ {06/19/2010)
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YUASA Page 8 of 10
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EAST Search History

EAST Search History

EAST Search History (Prior Art)
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YUASA
Art Unit 2892
Application Number: 10/591,947
, : ‘ Examiner
Filed: September 8, 2006 Alonzo Chambliss

For: MAGNETIC TUNNEL JUNCTION DEVICE AND
MEMORY DEVICE INCLUDING THE SAME
(AS AMENDED)

ATTORNEY DOCKET NO. HIRA.0236
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Commissioner of Patents
P.O. Box 1450
Alexandria, VA 22313-1450
LETTER

Sir:

The below-identified communications are submitted in the above-captioned application
or proceeding:

(x) Information Disclosure Statement
with Form-1449 and references
() Credit card form for $

The Commissioner is hereby authorized to charge payment of any fees associated
with this communication, including fees under 37 C.F.R. § 1.16 and 1.17 or credit any
overpayment to Deposit Account Number 12-0555.

Respectfully submitted,

STITES & HARBISON PLLC : ’T’T\?
1199 N. Fairfax Street, Suite 900 4n Carlog A. %ar?g;zzg'@
Alexandria, Virginia 22314 egistration Numbeft 34,072

Telephone: (703) 739-4900
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.S. Patent Application of
YUASA
Art Unit 2892
Application Number: 10/591,947
Examiner

Filed: September 8, 2006 Alonzo Chambliss

For: MAGNETIC TUNNEL JUNCTION DEVICE AND
MEMORY DEVICE INCLUDING THE SAME
(AS AMENDED)
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ATTORNEY DOCKET NO. HIRA.0236

Commissioner of Patents
PO Box 1450
Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Sir:

Pursuant to 37 C.F.R. §§1.56 and 1.97, this Information Disclosure Statement 1s
submitted in the above-identified patent application. A listing of documents to be published on
the face of any patent granted from this application is submitted herewith on Form PTO-1449.
Any other documents or information submitted for consideration by the Examiner-are listed in
this paper. A copy of each foreign patent, or each publication or portion thereof listed or herein

identified, is submitted herewith.

CERTIFICATION

This Information Disclosure Statement is submitted after three months from the filing
date of the above-identified U.S. patent application and after the mailing date of the first Office
Action on the merits of the above-identified application, but prior to issuance of the earlier of

any Final Action or Notice of Allowance sent in such application.

It is also hereby certified that each item of information contained in this statement was
cited in a communication from a foreign patent office in a counterpart foreign application not

more than three months from the date of this filing. Accordingly, no fee is due or payable at this
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time.

The Examiner is requested to acknowledge consideration of the information provided in

this paper in accordance with prescribed procedures.

Please charge any additional fees or credit any overpayments in connection with this

paper to Deposit Account No 12-0555.

Respectfully submitted,

egistration Mimbep 34,072

an Cagl SWQ

STITES & HARBISON PLLC
1199 N. Fairfax Street, Suite 900
Alexandria, Virginia 22314
(703) 739-4900

July 6, 2010
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Alexandria, VA 22314-1437
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The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 901 day(s). Any patent to issue from the above-identified application will
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If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.
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Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
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In re U.S. Patent Application of
YUASA.
Art Unit 2892
Application Number: 10/591,947 : .
: Examiner

Filed: September 8, 2006 Alonzo Chambliss

For: MAGNETIC TUNNEL JUNCTION DEVICE AND
MEMORY DEVICE INCLUDING THE SAME
(AS AMENDED)

ATTORNEY DOCKET No. HIRA.0236
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Commissioner of Patents
P.O. Box 1450
Alexandria, VA 22313-1450

PETITION TO WITHDRAW FROM ISSUE
UNDER 37 C.F.R. §1.313(c)(2) AFTER PAYMENT OF ISSUE FEE

Sir:

Applicant respectfully petitions that the above identified application be withdrawn from
issue. Withdrawal from issue is necessary in order to consider a Request for Continued
Examination (RCE) under 37 CFR § 1.313(c)(2). '

The issue fee was paid on August 12, 2010. However, Applicant is submitting a new
Information Disclosure Statement with references presented to the Applicants on August 10,
2010. We hereby file a Request for Continued Examination in conjunction with filing an
Information Disclosure Statement. We respectfully request the application be withdrawn from

issue in order to permit the Examiner to consider the new references.

(9/83/2810 AOHDRF1 (908083 18591947 ,
.83 0
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QA 'Enclosed is a credit card form for $130.00 to cover the required petition fee. The
commission is hereby authorized to charge any insufficiency or credit any overpayment to

Deposit Account No. 12-0555.

Respectfully submitted,

STITES & HARBISON, PLLC
1199 North Fairfax Street, Suite 900
Alexandria, VA 22314

Telephone: (703) 739-4900
Customer No. 38327

September 2, 2010
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of
YUASA
A Art Unit 2892
Application Number: 10/591,947
Examiner

Filed: September 8, 2006 ~ Alonzo Chambliss

For: MAGNETIC TUNNEL JUNCTION DEVICE AND
MEMORY DEVICE INCLUDING THE SAME
(AS AMENDED)

ATTORNEY DOCKET NO. HIRA.0236
Commissioner of Patents

P.O. Box 1450
Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Sir:

Pursuant to 37 C.F.R. §§ 1.56 and 1.97, this Information Disclosure Statement is submitted
in the above-identified patent application. A listing of documents to be published on the face of any
patent granted from this application is submitted herewith on Form PTO-1449. Any other
documents or information submitted for consideration by the Examiner are listed in this paper. A
copy of each foreign patent, or each publication or portion thereof listed or herein identiﬁed,

submitted herewith.

This Information Disclosure Statement is submitted with the initial filing of the RCE.

Accordingly, no fee is due or payable at this time.

" The Examiner is requested to acknowledge consideration of the information provided in this

paper in accordance with prescribed procedures.
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, Please charge any additional fees or credit any overpayments in connection with this paper to
Deposit Account No. 12-0555.

3]

Respectfully submitted,

@//4%:)

fian Ca 2]
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STITES & HARBISON, PLL.C ,
1199 North Fairfax Street, Suite 900

Alexandria, VA 22314

Telephone: (703) 739-4900

Customer No. 38327
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Volume-lssue No., Publisher, City and/or Country where published

Translation

F. ERNULT et al., “Preparation of Nanometer-Scale Iron Dots on Insulating Layer”,
Science and Technology of Advanced Materials, Vol. 4, (2003), pp. 383-389
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DAVID J. SMITH et al., “Structural Characterization of Thin Film Ferromagnetic
Tunnel Junctions”, Journal of Applied Physics, Vol. 83, No. 10, 15 May 1998, pp.
5154-5158
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X. W. Ll et al., “Fabrication and Properties of Heteroepitaxial Magnetite (Fe;O,)
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C. L. PLATT, et al., “Spin Polarized Tunneling in Reactively Sputtered Tunnel
Junctions”, Journal of Applied Physics, Vol. 81, No. 8, 15 April 1997, pp. 5523-5525

Yes

P. TURBAN et al., “Growth and Characterization of Single Crystalline NiMnSb Thin
Films and Epitaxial NiIMnSb/MgO/NiMnSb(001) Trilayers”, 2002 The American
Physical Society, Physical Review B., Vol. 65, pp. 134417-1 to 134417-13

Yes

T. MORIYAMA et al., “Preparation and Magnetoresistance in Single-Crystal and
Polycrystal Fe/MgO/FeCo Tunnel Junctions”, The Physical Society of Japan, 2003
Spring meeting, Abstracts Book 58(1-3), 460, (2003-03-06)

Yes

JAGADEESH S. MOODERA et al., “Ferromagnetic-Insulator-Ferromagnetic
Tunneling: Spin-Dependent Tunneling and Large Magnetoresistance in Trilayer
Junctions (Invited), Journal of Applied Physics, Vol. 79, No. 8, 15 April 1996, pp.
4724-4729

Yes

MASAYOSHI TONOUCHI et al., “Epitaxial Growth of NbN on an Ultrathin
MgO/Semiconductor System”, Journal of Applied Physics, Vol. 62, No. 3, 1 August
1987, pp. 961-966

Yes

Examiner Signature

Date Considered

* Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP §609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.
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Customized PTO/SB/30 (04-09) /
REQUEST FOR Application # | 10/591,947 P

Confirmation # | 8009

CONTINUED EXAMINATION Filing Date | September 8, 2006

First Inventor | YUASA

(RCE) Transmittal Art Unit | 2892

Examiner | Alonzo Chambliss

Mail Stop RCE ' Docket # | HIRA.0236

This is a Request for Continued Examination under 37 CFR § 1.114 of the above-noted application.
RCE practice does not apply to any utility application filed prior to June 8, 1995, or to any design application.
Prosecution must be closed.

i i Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed
ir ]

Sugmlzil?'::qu1 $1d 4 with the RCE will be entered in the order in which they were filed unless applicant instructs

uncer §1. otherwise (with a separate request for non-entry).

[ Previously submitted. if a final Office action is outstanding, any amendments filed after the final Office action
may be considered by the PTO as a submission even if the box for the following line is not checked.
[] Consider the arguments in the Response/Amendment previously filed on

(] Other:
X Enclosed :
[] Amendment/Response to Office Action X Information Disclosure Statement
(] Affidavit(s)/Declaration [X Other: Petition to Withdraw from Issue under
37 C.F.R. §1.313(c)(2) after Payment
of Issue Fee

—

Miscellaneous |

| Applicant(s) hereby request and petition that the time for taking action in this case be extended pursuant to 37
C.F.R. § 1.136(a) for

[] Other:
FEES | calculated below (after reduction for an amendment if noted above).
NOW | Basic/Previous Number | Present Extra Rate’ $
(] ToTAL CLAIMS 8 8 X $52 =
(] INDEPENDENT CLAIMS 5 5 X $220 =
X RCE fee required under 37 CFR 1.17(e) $810 = 810
ToTAL OF ABOVE CALCULATIONS = 810
[J Reduction by % for small entity status of applicant -
: SUBTOTAL =
(] Extension of time fee __months =
Xl Other fee for Petition to Withdraw from Issue (37 CFR §§1.136 and 1.17) = 130
TOTAL OF ALL FEES = 940

& Payment of $940 is made by: X CREDIT CARD (Form PT0Q-2038 is enclosed).
(] ELECTRONIC FUNDS TRANSFER submitted herewith.

X The Director is authorized to charge any fee, additional fee or extension fee due in connection
herewith to Deposit Account No. 12-0555:
(1) if no payment or an insufficient payment is enclosed and a fee is due in connection herewith; or
(2) if no petition for extension of time is enclosed but an EOT is required - and in this event, applicant
hereby petitions under 37 CFR 1.136(a) for an extension of time of as many months as are
required to render this submission timely. . 22 18

Y et WA 816.68 0P
Date: September 2, 2010 oI
Signed BY/ Name: {Wm
Attorney of R d Registration Now7™ 34,072
STITES & HARBISON PLLC ¢ 1199 North Fairfax St. ¢ Suite 900  Alexandria, VA 22314
TeL: 703-739-4900 ¢ FAXx: 703-739-9577 ¢ CusTOMER NoO. 38327
179920:1:ALEXANDRIA
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents
United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

Date : September 10, 2010
TO : Director, Office of Patent Publication
FROM : Office of the Deputy Commissioner

for Patent Examination Policy

SUBIJECT : Withdrawal from Issue of Application No. 10/591,947

Applicant(s) . Shinji Yuasa
Aﬂ)plication No. : 10/591,947
Filed : September 8, 2006

The above-identified application has been assigned Patent No. 7,800,149 and an issue date of
September 21, 2010.

It is hereby directed that this application be withdrawn from issue at the request of the applicant.
Do not refund the issue fee.

The following erratum should be published in the Official Gazette if the above-identified
application is published in the OG of: September 21, 2010.

"All reference to Patent No. 7,800,149 to Shinji Yuasa of Japan for MAGNETIC
TUNNEL JUNCTION DEVICE AND MEMORY DEVICE INCLUDING THE
SAME appearing in the Official Gazette of September 21, 2010 should be deleted
since no patent was granted." S

/Irvin Dingle/
Irvin Dingle
Petitions Examiner
Office of Petitions

cc: Paul Harrison
Deneise Boyd (DMB)
Mary Louise McAskill
Niomi Farmer
Mary E. Johnson (Cookie)
Duane Davis (CDS)
Bradley Harris
Kimberly Terrell
Kay Pinkne
Betty Powell
Lamont Fletcher
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.0. Box 1450

Alexandria, VA 22313-1450

www, USpLo. ROV

JUAN CARLOS A. MARQUEZ .
A
SUITE 900 MAILED

ALEXANDRIA, VA 22314-1437

ogp 10 2010
In re Application of . OFFICE OF PETITIONS
Shinji Yuasa : :
 Application No. 10/591,947 . ON PETITION

Filed: September 8, 2006
Attorney Docket No. HIRA.0236

This is a decision on the petition, filed September 2, 2010 under 37 CFR 1.313(c)(2) to withdraw
the above-identified application from issue after payment of the issue fee.-

The petition is GRANTED.

The above-identified application is withdrawn from issue for consideration of a submission under
37 CFR 1.114 (request for continued examination). See 37 CFR 1.313(c)(2).

Petitioner is advised that the issue fee paid on August 12, 2010 in the above-identified
application cannot be refunded. If, however, the above- identified application is again
allowed, petitioner may request that it be applied towards the issue fee required by the new
Notice of Allowance.

Telephone inquiries should be directed to Irvin Dingle at (571) 272-3210. -

This matter is being referred to Technology Center AU 2892 for processing of the request for
continued examination under 37 CFR 1.114 and for consideration of the concurrently filed
Information Disclosure Statement.

/Irvin Dingle/
_Irvin Dingle

Petitions Examiner

Office of Petitions

! The request to apply the issue fee to the new Notice may be satisfied by
completing and returning the new Issue Fee Transmittal Form PTOL-85(b), which
includes the following language thereon: Commissioner for Patents is requested to
apply the Issue Fee and Publication Fee (if any) or re-apply any previously paid
issue fee to the application identified above. Petitioner is advised that,
whether a fee is indicated as being due or not, the Issue Fee Transmittal Form
must be completed and timely submitted to avoid abandonment. Note the language in
bold text on the first page of the Notice of Allowance and Fee(s) Due (PTOL-85).
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U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE

PATENT WITHDRAWAL NOTICE

DATE WITHDRAWN WITHDRAWAL NUMBER

9/14/10 18558

* The following application has been WITHDRAWN from the

Tuesday, September 21, 2010 issue.

SERIALNO. PATENT NUMBER
10/591,947 7,800,149
DRAWINGS " [crass
010 257/421
TITLE

MAGNETIC TUNNEL JUNCTION DEVICE AND MEMORY DEVICE INCLUDING THE SAME

NAME AND ADDRESS

SHINJI YUASA
IBARAKI, JAPAN

REASON FOR WITHDRAWAL

Office of Petitions granted applicant's request to withdraw patent from issue.

" | APPROVED

/Kimberly Terrell/, Manager

Patent Publication Branch
Office of Data Management

FORM PTO-302 -- (REV. 05-2009)
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

38327 7590 09/17/2010 | EXAMINER |
Juan Carlos A. Marquez CHAMBLISS, ALONZO
c/o Stites & Harbison PLLC | ART UNIT PAPER NUMBER |
1199 North Fairfax Street 2802
Suite 900

Alexandria, VA 22314-1437 DATE MAILED: 09/17/2010

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

10/591,947 09/08/2006 Shinji Yuasa HIRA.0236 8009
TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE AND MEMORY DEVICE INCLUDING THE SAME

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1510 $0 $1510 $1510 12/17/2010

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now

Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)

and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (f required) and 1/2
the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
in(ficated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
Eapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

38327 7590 09/17/2010
Certificate of Mailing or Transmission
Juan Carlos A. Marquez I hereby cerltify that Lhisﬂfee(fsf) Transmittal isf be}ng deiposited 1with the United
: : States Postal Service with sufficient postage for first class mail in an envelope
c/o Stites & Hé.lrbISOH PLLC addressed to the Mail Stop ISSUE FEE address above, or being facsimile
1199 North Fairfax Street transmitted to the USPTO (571) 273-2885, on the date indicated below.
Suite 900

(Depositor's name)

Alexandria, VA 22314-1437

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
10/591,947 09/08/2006 Shinji Yuasa HIRA.0236 8009
TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE AND MEMORY DEVICE INCLUDING THE SAME
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1510 $0 $1510 $1510 12/17/2010
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
CHAMBLISS, ALONZO 2892 257-421000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

CFR 1.363). .
(1) the names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,

Address form PTO/SB/122) attached. . . . 2
(2) the name of a single firm (having as a member a

(] "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to

PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3

Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
da Applicant claims SMALL ENTITY status. See 37 CFR 1.27. b, Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent toa{hye Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev.08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
10/591,947 09/08/2006 Shinji Yuasa HIRA.0236 8009
38327 7590 09/17/2010 | E INER |
Juan Carlos A. Marquez CHAMBLISS, ALONZO
c/o Stites & Harbison PLLC | ART UNIT PAPER NUMBER |
1199 North Fairfax Street 2802
Suite 900 DATE MAILED: 09/17/2010

Alexandria, VA 22314-1437

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 565 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 565 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (5§71)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or
(571)-272-4200.

Page 3 of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.
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Application No. Applicant(s)

i . 10/591,947 YUASA, SHINJI
Notice of AIlowabIIlty Examiner Art Unit
Alonzo Chambliss 2892

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to the RCE filed on 9/2/10.

2. IX] The allowed claim(s) is/are 68,69,72,75,77,78,84 and 89.

3. IX] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)X] Al b)[]Some* c)[JNone of the:
1. Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: ____
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [[] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(@) [0 including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [] hereto or 2) [] to Paper No./Mail Date .

(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’'s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [ Notice of References Cited (PTO-892) 5. [[] Notice of Informal Patent Application
2. [ Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO/SB/08), 7. [0 Examiner's Amendment/Comment
Paper No./Mail Date 9/2/10
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [] Examiner's Statement of Reasons for Allowance

of Biological Material
9. X Other See detailed action.

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-08) Notice of Allowability Part of Paper No./Mail Date 20100911
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Application/Control Number: 10/591,947 Page 2
Art Unit; 2892

DETAILED ACTION
Continued Examination Under 37 CFR 1.114

1. A request for continued examination under 37 CFR 1.114, including the fee set
forth in 37 CFR 1.17(e), was filed in this application after allowance or after an Office
action under Ex Parte Quayle, 25 USPQ 74, 453 O.G. 213 (Comm'r Pat. 1935). Since
this application is eligible for continued examination under 37 CFR 1.114, and the fee
set forth in 37 CFR 1.17(e) has been timely paid, prosecution in this application has
been reopened pursuant to 37 CFR 1.114. Applicant's submission filed on 9/2/10 has

been entered.

Information Disclosure Statement

2. The information disclosure statement (IDS) submitted on 9/2/10 was filed after
the mailing date of the notice of allowance on 7/2/10. The submission is in compliance
with the provisions of 37 CFR 1.97. Accordingly, the information disclosure statement is
being considered by the examiner.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

Any inquiry concerning the communication or earlier communications from the
examiner should be directed to Alonzo Chambliss whose telephone number is (571)

272-1927.
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Application/Control Number: 10/591,947 Page 3
Art Unit; 2892

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Thao Le can be reached on (571) 272-1708. The fax phone number for the

organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system Status information for published
applications may be obtained from either Private PMR or Public PMR. Status
information for unpublished applications is available through Private PMR only. For
more information about the PMR system see http://pair-dkect.uspto.gov. Should you
have questions on access to the Private PMR system contact the Electronic Business

Center (EBC) at 866-217-9197 (toll-free) or EBC_Support@uspto.gov.

AC/September 11, 2010 /Alonzo Chambliss/
Primary Examiner, Art Unit 2892
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 10591947 YUASA, SHINJI
Examiner Art Unit
Alonzo Chambliss 2892
SEARCHED
Class Subclass Date Examiner
SEARCH NOTES
Search Notes Date Examiner
East text search only - see attached printout 10/26/09 AC
Updated previous East text search only - see attached printout 6/19/10 AC
Updated previous East text search only - see attached printout 9/11/10 AC
INTERFERENCE SEARCH
Class Subclass Date Examiner
257 4,295,421,427 6/19/10 AC
365 171 6/19/10 AC
257 4,295,421,427 9/11/10 AC
365 171 9/11/10 AC
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Part of Paper No. : 20100911
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

10591947 YUASA, SHINJI
Examiner Art Unit
Alonzo Chambliss 2892

ORIGINAL INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
257 295 Hlo |1 ]|L 27 /108 (2006.0)
cG11]c 11/ 14 (2006.0)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
257 427 E29.323 E27.104 E29.164 E21.208
365 171
O Claims renumbered in the same order as presented by applicant O CPA O 71D O R1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
1 17 33 49 65 81
2 18 34 50 66 82
3 19 35 51 67 83
4 20 36 52 1 68 4 84
5 21 37 53 2 69 85
6 22 38 54 70 86
7 23 39 55 71 87
8 24 40 56 5 72 88
9 25 41 57 73 8 89
10 26 42 58 74
1 27 43 59 3 75
12 28 44 60 76
13 29 45 61 6 77
14 30 46 62 7 78
15 31 47 63 79
16 32 48 64 80
NONE
Total Claims Allowed:
8
(Assistant Examiner) (Date)
/Alonzo Chambliss/
Primary Examiner.Art Unit 2892 9/11/10 0O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1B

U.S. Patent and Trademark Office

Part of Paper No. 20100911
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10591947 - GAU: 2892

Customized PTO/SB/08a+b (07-09)

Application # | 10/591,947
Confirmation # | 8009
Filing Date | September 8, 2006
STATEMENT BY APPLICANT | Frstinventor | YUASA
Art Unit | 2892
Examiner | Alonzo Chambliss
Sheet 1 of 1 Docket # | HIRA.0236
U.S. PATENT DOCUMENTS
Exam. Document No. Publ. Date Name Relevance
|dnitial” | Number — Kind Code MM-DD-YYYY Patentee or Applicant Passages/Figs.
FOREIGN PATENT DOCUMENTS
Exam. Publ. Date Name Relevance Translation
Initial* ?(?::g-:eummboi': MM-DD- Patentee or‘App”cant Passages/Fi ‘
YYYY gs.
Res Inst Electric Magnetic Abstract &
JP 11-097766 4/9/1999 Alloys 122 & 23
NON PATENT LITERATURE DOCUMENTS
Exam. | Include NAME of the author (in CAPS), Title of Article/item, Date, Page(s), Translation
Initial* | Volume-Issue No., Publisher, City and/or Country where published
F. ERNULT et al., “Preparation of Nanometer-Scale Iron Dots on Insulating Layer”, Yes
Science and Technology of Advanced Materials, Vol. 4, (2003), pp. 383-389
DAVID J. SMITH et al., “Structural Characterization of Thin Film Ferromagnetic
Tunnel Junctions”, Journat of Applied Physics, Vol. 83, No. 10, 15 May 1998, pp. Yes
5154-5158
X. W. Ll et al., “Fabrication and Properties of Heteroepitaxial Magnetite (Fe;0.)
Tunnel Junctions”, Applied Physics Letters, Vol. 73, No. 22, 30 November 1998, Yes
pp.3282-3284
C. L. PLATT, et al., “Spin Polarized Tunneling in Reactively Sputtered Tunnel Yes
Junctions”, Journal of Applied Physics, Vol. 81, No. 8, 15 April 1997, pp. 5523-5525
P. TURBAN et al., “Growth and Characterization of Single Crystalline NiMnSb Thin
Films and Epitaxial NiMnSb/MgO/NiMnSb(001) Trilayers”, 2002 The American Yes
Physical Society, Physical Review B., Vol. 65, pp. 134417-1 to 134417-13
T. MORIYAMA et al., “Preparation and Magnetoresistance in Single-Crystal and
Polycrystal Fe/MgO/FeCo Tunnel Junctions”, The Physical Society of Japan, 2003 Yes
Spring meeting, Abstracts Book 58(1-3), 460, (2003-03-06)
JAGADEESH S. MOODERA et al., “Ferromagnetic-Insulator-Ferromagnetic
Tunneling: Spin-Dependent Tunneling and Large Magnetoresistance in Trilayer Yes
Junctions (Invited), Journal of Applied Physics, Vol. 79, No. 8, 15 April 1996, pp.
4724-4729
MASAYOSHI TONOUCHI et al., “Epitaxial Growth of NbN on an Ultrathin
MgO/Semiconductor System”, Journal of Applied Physics, Vol. 62, No. 3, 1 August Yes
1987, pp. 961-966
Examiner Signature | Alonzo Chambliss/ (09/11/201pjPate Considered

* Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP §609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH.

/AG
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'PART B - ISSUE FEE (S) TRANSMITTAL

Complete and mail this form, together with applicable fees, to:

Box ISSUE FEE

Assistant Commissioner for Patents
Washington, D.C. 20231

MAILING INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks | through 4 should be completed where appropriate. All further corvespondence
address

d below or directed otherwise in Block 1. by (a) specifying a new

mcludm;, (hc Pmcm. ad\ :mcc ordevs and nonf‘ cation of mam!cnance fees will bc mailed 1o the current
ra a i

STITES & HARBISON, PLCC
SUITE 900

1199 N. FAIRFAX STREET
ALEXANDRIA, VA 22314

asi d unless
Note: The cenificate of mailing below can only be used for domestic mailings of the Fee(s)
Transmittal, This certificate cannot be used for any other accompanying papers. Each
additional paper, such as an assignment or formal drawing. must have its own centificate

Certificate of Mailing
1 hereby certify that this Issue Fee(s) Transmitial is being deposited with the United States
Postal Service with sufficient postage for first class mail in an envelop addressed to the Box
Issue Fee address on the date indicated below..

(Depositor's name)

(Signature)
(Date)
APPLICATION NO FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
10/591,947 09/08/2006 Shinji Yuasa . HIRA.0236 8009
TITLE OF INVENTION:  IMAGNETIC TUNNEL JUNCTION DEVICE AND MEMORY DEVICE INCLUDING THE SAME
l APPLN. TYPE ] SMALL ENTITY ] ISSUE FEE I PUBLICATION FEE I TOTAL FEE(S) DUE I DATE DUE |
nonprovisional NO $0 $0 $0 12/17/2010
EXAMINER ART UNIT CLASS ~ SUBCLASS
CHAMBLISS, ALONSO 2892 257-421000
. Change of pondence address or indication of (JFee Address” (37 CFR §1.363). Use of PTO | 2. For printing on the patent front page, list (1)

form(s) and Customer Number are recommended. but not required.

Change of correspondence address (or Change of Correspondence Address form PTQ/SB/122)
attached.

"Fee Address” indication (or "Fee Address” Indication form PTO/SB/47) attached.

the names of up to 3 registered patent attormeys
or agents OR, alternatively, (2) the name of a
single firm (have as a member a registered
attorney or agent) and the names of up to 2
registered patent attomeys or agents. [fno
name is listed, no name will be printccl .

1._Stites & Harbison, PLLC

2._Juan Carlos A. Marquez. Esq

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assi is id d below. no
or is being submitted under separate cover, Complctipn of this form is NOT a

o

for filing an

(A) NAME OF ASSIGNEE

JAPAN SCIENCE AND TECHNOLOGY AGENCY

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL

data will appear on the patent. Inclusion of assignee data is only appropriate when an assignment has been previously submitted to the USPTO

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

Saitama, J
aitama, Japan 18/26/2618 SHOHAMMI G@@8AGE1 16591947

81 FC:1581
SCIENCE AND TECHNOLOGY Tokyo, Japan :
<

Pleasc check the amzroggatc assignee category indicated below (will not be printed on the patent) individual Corporation or private group entity government

The following fees are enclosed: 4b. Payment of Fee(s):
B 1ssue & .

soue fee & Payment - See explanation below.
Publication Fee ~

The Commissioner is hereby authorized by charge the required fee(s), or

Advance Order - £ of Copies:

credit any overpayment, to Deposit Account Number 12-0555.

The COMMISSIONER OF PATENTS AND TRADEMARKS is requested to apply the Issue Fee and Publication Fee (if any) to the application identified above.

(Authorized Signature)

registered patent attomey or ag
Trademark Office

Burden Hour S d to take 0.2 hours to complete. Time will vary depending on the needs
of the individual case. Any comments on the amount of time required to complete this form should be sent to the
Chief Information Officer, United States Patent and Trademark Office. Washington, D.C. 20231, DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND FEES AND THIS FORM TO: Box Issue Fee,
Assistant C: issit for Patents, Washing D.C. 20231

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it
displays a valid OMB control number

Commissioner for Patents is requested to apply
the Issue Fee and Publication Fee previously
paid on August 12, 2010 to the application

identifief al;gme date: 18/26/2018 SHOHARAL
98}13/2“8 SHOHARKL @0E0EB39 1059%947

81 FC:1501 510.08 QP

TRANSMIT THIS FORM WITH FEE(S)

Page tof I
PTOL-85 (Rev.07-01) Approved for use through 01/31/2004, OMB 0651-0033

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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% Customized PT2/SB/30 (04-09)

W Application # | 10/591,947
FOR Confirmation # | 8009
CONT'NUED EXAM'NAT'ON FiIing Date September 8, 2006
First Inventor | YUASA
(RCE) Transmittal Art Unit | 2892
Examiner | Alonzo Chambliss
Mail Stop RCE Docket # | HIRA.0236

This is a Request for Continued Examination under 37 CFR § 1.114 of the above-noted application.
RCE practice does not apply to any utility application filed prior to June 8, 1995, or to any design application.
Prosecution must be closed.

ieai : Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed
Sugmlgil?'::qu; I’1e1d 4 with the RCE will be entered in the order in which they were filed unless applicant instructs
unaer §1. otherwise (with a separate request for non-entry).

O Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office
action may be considered by the PTO as a submission even if the box for the following line is not checked.
[[] Consider the arguments in the Response previously filed on August 12, 2009

[] other:
X Enclosed
(] Amendment/Reply X Information Disclosure Citation
(] Affidavit(s)/Declaration(s) [X] Other: Petition to Withdraw from Issue under 37 C.F.R.

§1.313(c)(2) after Payment of Issue Fee

Miscellaneous |

O suspension of action on the above-identified application is requested under 37 CFR § 1.103(c) for a

period of months (Period of suspension shall not exceed 3 months; Fee under 37 CFRS 1.17(i) required)
[C] Other:
FEES | calculated below (after reduction for an amendment if noted above).
: NOW | Basic/Previous Number | Present Extra Rate

[] TotAL CLavs 8 8 , X $52 =

[ INDEPENDENT CLAIMS 5 5 X $220 =

XI RCE fee required under 37 CFR 1.17(e) $810 = $810
: TOTAL OF ABOVE CALCULATIONS = 810

[J Reduction by ¥ for small entity status of applicant -

SUBTOTAL =
] Extension of time fee +$ =
X Other fee for Petition to Withdraw from Issue (37 CFR 1.136 and 1.17) +$ = 130

TOTAL OF ALL FEES = 940

X] Payment of $940 is made by: X] CReDIT CARD (Form PTO-2038 is enclosed).
[[] ELecTrRONIC FUNDS TRANSFER submitted herewith.
DX The Director is authorized to charge any fee, additional fee or extension fee due in connection
herewith to Deposit Account No. 12-0555:
(1) if no payment or an insufficient payment is enclosed and a fee is due in connection herewith; or
(2) if no petition for extension of time is enclosed but an EQT is required - and in this event, applicant

hereby petitions under 37 CFR 1.138(a) for an extension of time of as many months as are
required to render this submission timely.

QMTG.»‘ dl’-w)»fn 14
Date: November 10, 2010 » & %3/,?“/8

Signed By Name: Juan Carlos A. Marquez.
Attorney of Record Registration No.: 34,072

STITES & HARBISON PLLC ¢ 1199 North Fairfax St. « Suite 900 ¢ Alexandria, VA 22314
TEL: 703-739-4900 ¢ FAX: 703-739-9577 ¢ CUSTOMER NoO. 38327

1947
geaqana? 1639
11/12/2018 ANONDAF1 10,00 0P

185985:1:ALEXANDRIA gi FCaidel
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ATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of
YUASA

Application Number: 10/591,947
Filed: September 8, 2006

For: MAGNETIC TUNNEL JUNCTION DEVICE AND
MEMORY DEVICE INCLUDING THE SAME
(AS AMENDED)

ATTORNEY DOCKET NO. HIRA.0236
Commissioner of Patents

P.O. Box 1450
Alexandria, VA 22313-1450

Art Unit 2892

‘Examiner
Alonzo Chambliss

N N N N e N s et e st "

PETITION TO WITHDRAW FROM ISSUE
. UNDER 37 C.F.R. §1.313(¢c)(2) AFTER PAYMENT OF ISSUE FEE

Sir:

Applicant respectfully petitions that the above identified application be withdrawn from

issue. Withdrawal from issue is necessary in order to consider a Request for Continued

Examination (RCE) under 37 CFR § 1.313(c)(2).

The issue fee was paid on October 25, 2010. However, Applicant is submitting a new

Information Disclosure Statement with a reference presented to the Applicants on October 27,

2010. We hereby file a Request for Continued Examination in conjunction with filing an

Information Disclosure Statement. We respectfully requést the application be withdrawn from

issue in order to permit the Examiner to consider the new references.

~11/12/2810 AWONDAF1 ©0060887 10591947
B2 FC:1464 138.68 0P
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Enclosed is a credit card form for $130.00 to cover the required petition fee. The

commission is hereby authorized to charge any insufficiency or credit any overpayment to

Deposit Account No. 12-0555.

STITES & HARBISON, PLLC
1199 North Fairfax Street, Suite 900
Alexandria, VA 22314

Telephone: (703) 739-4900
Customer No. 38327

November 10, 2010

Respectfully submitted,

Doyt & Wmﬂf«

Juan Carlos A. Marquez
Registration No. 34,072
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of
YUASA

Application Number: 10/591,947
Filed: September 8,2006

For: MAGNETIC TUNNEL JUNCTION DEVICE AND
MEMORY DEVICE INCLUDING THE SAME
(AS AMENDED)

ATTORNEY DOCKET No. HIRA.0236

Cdmmissioner of Patents
P.O. Box 1450
Alexandria, VA 22313-1450

N S N N Nt Nt et ot et e s’ s’

Art Unit 2892

Examiner
Alonzo Chambliss

INFORMATION DISCLOSURE STATEMENT

Sir:

Pursuant to 37 C.F.R. §§ 1.56 and 1.97, this Information Disclosure Statement is submitted

in the above-identified patent application. A listing of documents to be published on the face of any

patent granted from this application is submitted herewith on Form PTO-1449. Any other

documents or information submitted for consideration by the Examiner are listed in this paper. A

copy of each foreign patent, or each publication or portion thereof listed or herein identified,

submitted herewith.

This Information Disclosure Statement is submitted with the initial filing of the RCE.

Accordingly, no fee is due or payable at this time.

The Examiner is requested to acknowledge consideration of the information provided in this

paper in accordance with prescribed procedures.
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Please charge any additional fees or credit any overpayments in connection with this paper to

Deposit Account'No. 12-0555.

STITES & HARBISON, PLLC
1199 North Fairfax Street, Suite 900
Alexandria, VA 22314

Telephone: (703) 739-4900
Customer No. 38327

November 10, 2010

Respectfully submitted,

&w%fmﬁi

Juan Carlos A. Marquez
Registration No. 34,072
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2

Customized PTO/SB/08a+b (07-09)

Substitute for Form 1449/PTO 49;9 W}ﬁ*‘u Application # | 10/591,947
Confirmation # | 8009
INFORMATION DISCLOSURE : Fililng Date sﬁr:gfxbef 8, 2006
irst Inventor
STATEMENT BY APPLICANT At Unit (2893
Examiner | Alonzo Chambliss
Sheet 1 of 1 Docket # | HIRA.0236

U.S. PATENT DOCUMENTS

Exam. Document No. Publ. Date Name Relevance
Initial* Number — Kind Code MM-DD-YYYY Patentee or Applicant Passages/Figs.
2009/0324814A1 12-31-2009 | Parkin
FOREIGN PATENT DOCUMENTS
Exam. Publ. Date Name Relevance | Translation
Initial* ?(ou:tcry-glummboez; MM-DD- Patentee or Apphcant Passages/Fi
in ode YYYY gs.
NON PATENT LITERATURE DOCUMENTS
Exam. | Include NAME of the author (in CAPS), Title of Article/ltem, Date, Page(s), Translation
Initial* | Volume-Issue No., Publisher, City and/or Country where published

Examiner Signature

Date Considered

* Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP §609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.

WD EX1002

Western Digital v IP Bridge

Page 318



UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O.Box 1450

Alexandria, Virginia 22313-1450

WWW.“SP[O.gOV

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
10/591,947 12/07/2010 7847327 HIRA-0236 8009
38327 7590 11/17/2010

Juan Carlos A. Marquez

c/o Stites & Harbison PLLC
1199 North Fairfax Street
Suite 900

Alexandria, VA 22314-1437

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 881 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Shinji Yuasa, Ibaraki, JAPAN;

IR103 (Rev. 10/09)
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents
United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto,gov

Juan Carlos A. Marquez
¢/o Stites & Harbison PLLC
1199 North Fairfax Street

Suite 900 .
Alexandria VA 22314-1437 MAILED
NOV 19 2010
) OFFICE OF PETITIONS
In re Application of
Shinji Yuasa :
Application No. 10/591,947 . DECISION GRANTING PETITION

Filed: September 8, 2006 : UNDER 37 CFR 1.313(c)(2)
Attorney Docket No. HIRA-0236 : :

iU
This is a decision on the petition under 37.CFR 1.313(c)(2), filed, November 10, 2010 to
withdraw the above-identified application from'issue after payment of the issue fee.

The petition is GRANTED.

The above-identified application is withdrawn from issue for consideration of a submission
under 37 CFR 1.114 (request for continued examination). See 37 CFR 1.313(¢c)(2).

Petitioner is advised that the issue fee paid on October 25, 2010 cannot be refunded. If,
however, this application is again allowed, petitioner may request that it.be applied towards
the issue fee required by the new Notice of Allowance.'

Telephone inquiries should be directed to Terri Johnson at (571) 272-2991.

This application is being referred to Technology Center AU 2892 for processing of the request
for continued examination under 37 CFR 1.114 and for consideration of the concurrently filed
information disclosure statement. :

/Terri Johnson/ T
Terri Johnson

Petitions Examiner

Office of Petitions

1 R : . . . ’
The request 10 apply the issue fee to the new Notice may be satisfied by completing and returning the new
Part B — Fee(s) Transmittal Form (along with any balance due at the time of submission). Petitioner is advised that the
Issue Fee Transmittal Form must be completed and timely submitted to avoid abandonment of the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents
United States Patent and Trademark Office

P.O. Box 1450
Alexandria, VA 22313-1450
. M.\BEYO.QOV
Date : November 19, 2010
TO : Director, Office of Data Management
FROM : Office of Petitions
SUBJECT : Withdrawal from Issue of Application No. 10/591,947
Applicant (s) : Shinji Yuasa
Application No. . 10/591,947

Filed . i September 8, 2006

¢

The above-identified application has been assigned Patent No.
7,847,327 and an issue date of December 7, 2010,

It is hereby directed that this application be withdrawn from issue at
the request of the applicant. Do not refund the issue fee.

The following erratum should be published in the Official Gazette if
the above-identified application is published in the OG of December 7,
2010:

"All reference to Patent No. 7,847,327 to Shinji Yuasa of
Japan for MAGNETIC TUNNEL JUNCTION DEVICE AND MEMORY DEVICE
INCLUDING THE SAME appearing in the Official Gazette of
Decembér 7, 2010 should be deleted since no patent was
granted. "

/Terri Johnson/
Terri Johnson
Petitions Examiner
Office of Petitions

cc: Paul Harrison
Deneise Boyd
Mary Louise McAskill
Niomi Farmer
Mary E. Johnson (Cookie)
Brad Harris
Kim Terrell
Lamont Fletcher
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e U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE

PATENT WITHDRAWAL NOTICE

DATE WITHDRAWN WITHDRAWAL NUMBER

11/19/10 18770

The following application has been WITHDRAWN from the

Tuesday, December 07, 2010 issue.

SERIAL NO. PATENT NUMBER
10/591,947 | 7,847,327
DRAWINGS CLASS
010 257/421
TITLE

MAGNETIC TUNNEL JUNCTION DEVICE AND MEMORY DEVICE INCLUDING THE SAME

NAME AND ADDRESS

SHINJI YUASA
IBARAKI, JAPAN

REASON FOR WITHDRAWAL

Office of Petitions granted applicant's request to withdraw patent from issue.
pp p

APPROVED

/Kimberly Terrell/, Manager

Patent Publication Branch
Office of Data Management

FORM PTO-302 -- (REV. 05-2009)

WD EX1002

Western Digital v IP Bridge

Page 322



UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

38327 7590 12/13/2010 | EXAMINER |
Juan Carlos A. Marquez CHAMBLISS, ALONZO
c/o Stites & Harbison PLLC | ART UNIT PAPER NUMBER |
1199 North Fairfax Street 2802
Suite 900

Alexandria, VA 22314-1437 DATE MAILED: 12/13/2010

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

10/591,947 09/08/2006 Shinji Yuasa HIRA-0236 8009
TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE AND MEMORY DEVICE INCLUDING THE SAME

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1510 $0 $1510 $1510 03/14/2011

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now

Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)

and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (f required) and 1/2
the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
in(ficated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
Eapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

38327 7590 12/13/2010
Certificate of Mailing or Transmission
Juan Carlos A. Marquez I hereby cerltify that Lhisﬂfee(fsf) Transmittal isf be}ng deiposited 1with the United
: : States Postal Service with sufficient postage for first class mail in an envelope
c/o Stites & Hé.lrbISOH PLLC addressed to the Mail Stop ISSUE FEE address above, or being facsimile
1199 North Fairfax Street transmitted to the USPTO (571) 273-2885, on the date indicated below.
Suite 900

(Depositor's name)

Alexandria, VA 22314-1437

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
10/591,947 09/08/2006 Shinji Yuasa HIRA-0236 8009
TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE AND MEMORY DEVICE INCLUDING THE SAME
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1510 $0 $1510 $1510 03/14/2011
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
CHAMBLISS, ALONZO 2892 257-295000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

CFR 1.363). .
(1) the names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,

Address form PTO/SB/122) attached. . . . 2
(2) the name of a single firm (having as a member a

(] "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to

PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3

Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
da Applicant claims SMALL ENTITY status. See 37 CFR 1.27. b, Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent toa{hye Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev.08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
10/591,947 09/08/2006 Shinji Yuasa HIRA-0236 8009
38327 7590 12/13/2010 | E INER |
Juan Carlos A. Marquez CHAMBLISS, ALONZO
c/o Stites & Harbison PLLC | ART UNIT PAPER NUMBER |
1199 North Fairfax Street 2802
Suite 900 DATE MAILED: 12/13/2010

Alexandria, VA 22314-1437

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 565 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 565 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (5§71)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or
(571)-272-4200.
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Application No. Applicant(s)

i . 10/591,947 YUASA, SHINJI
Notice of AIlowabIIlty Examiner Art Unit
Alonzo Chambliss 2892

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to the RCE filed on 11/10/10.

2. IX] The allowed claim(s) is/are 66,69,72,75,77,78,84 and 89.

3. IX] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)X] Al b)[]Some* c)[JNone of the:
1. Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: ____
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [[] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(@) [0 including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [] hereto or 2) [] to Paper No./Mail Date .

(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’'s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [ Notice of References Cited (PTO-892) 5. [[] Notice of Informal Patent Application
2. [ Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO/SB/08), 7. [0 Examiner's Amendment/Comment
Paper No./Mail Date 11/10/10
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [] Examiner's Statement of Reasons for Allowance
of Biological Material
9. [] Other .
U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-08) Notice of Allowability Part of Paper No./Mail Date 20101128
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Application/Control Number: 10/591,947 Page 2
Art Unit; 2892

DETAILED ACTION

Continued Examination Under 37 CFR 1.114
1. A request for continued examination under 37 CFR 1.114, including the fee set
forth in 37 CFR 1.17(e), was filed in this application after allowance or after an Office
action under Ex Parte Quayle, 25 USPQ 74, 453 O.G. 213 (Comm'r Pat. 1935). Since
this application is eligible for continued examination under 37 CFR 1.114, and the fee
set forth in 37 CFR 1.17(e) has been timely paid, prosecution in this application has
been reopened pursuant to 37 CFR 1.114. Applicant's submission filed on 11/10/10 has

been entered.

Information Disclosure Statement

2. The information disclosure statement (IDS) submitted on 11/10/10 was filed
before the mailing date of the notice of allowance on 11/29/10. The submission is in
compliance with the provisions of 37 CFR 1.97. Accordingly, the information disclosure
statement is being considered by the examiner.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

Any inquiry concerning the communication or earlier communications from the
examiner should be directed to Alonzo Chambliss whose telephone number is (571)

272-1927.
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Application/Control Number: 10/591,947 Page 3
Art Unit; 2892

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Thao Le can be reached on (571) 272-1708. The fax phone number for the

organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system Status information for published
applications may be obtained from either Private PMR or Public PMR. Status
information for unpublished applications is available through Private PMR only. For
more information about the PMR system see http://pair-dkect.uspto.gov. Should you
have questions on access to the Private PMR system contact the Electronic Business

Center (EBC) at 866-217-9197 (toll-free) or EBC_Support@uspto.gov.

AC/November 28, 2010 /Alonzo Chambliss/
Primary Examiner, Art Unit 2892
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

10591947 YUASA, SHINJI
Examiner Art Unit
Alonzo Chambliss 2892

ORIGINAL INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
257 295 Hlo |1 ]|L 27 /108 (2006.0)
cG11]c 11/ 14 (2006.0)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
257 427 E29.323 E27.104 E29.164 E21.208
365 171
O Claims renumbered in the same order as presented by applicant O CPA O 71D O R1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
1 17 33 49 65 81
2 18 34 50 66 82
3 19 35 51 67 83
4 20 36 52 1 68 4 84
5 21 37 53 2 69 85
6 22 38 54 70 86
7 23 39 55 71 87
8 24 40 56 5 72 88
9 25 41 57 73 8 89
10 26 42 58 74
1 27 43 59 3 75
12 28 44 60 76
13 29 45 61 6 77
14 30 46 62 7 78
15 31 47 63 79
16 32 48 64 80
NONE
Total Claims Allowed:
8
(Assistant Examiner) (Date)
/Alonzo Chambliss/
Primary Examiner.Art Unit 2892 11/28/10 0O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1B

U.S. Patent and Trademark Office

Part of Paper No. 20101128
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 10591947 YUASA, SHINJI
Examiner Art Unit
Alonzo Chambliss 2892
SEARCHED
Class Subclass Date Examiner
SEARCH NOTES
Search Notes Date Examiner
East text search only - see attached printout 10/26/09 AC
Updated previous East text search only - see attached printout 6/19/10 AC
Updated previous East text search only - see attached printout 9/11/10 AC
Updated previous East text search only - see attached printout 11/28/10 AC
INTERFERENCE SEARCH
Class Subclass Date Examiner
257 4,295,421,427 6/19/10 AC
365 171 6/19/10 AC
257 4,295,421,427 9/11/10 AC
365 171 9/11/10 AC
257 4,295,421,427 11/28/10 AC
365 171 11/28/10 AC

U.S. Patent and Trademark Office

Part of Paper No. : 20101128
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Receipt date: 11/10/2010 10591847 - GAU: 2892

Customized PTO/SB/08a+b (07-09)

Substitute for Form 1449/PTO Application # | 10/591,947
Confirmation # | 8009
INFORMATION DISCLOSURE Filing Date | September 8, 2006
First Inventor | YUASA
STATEMENT BY APPLICANT At Unit (2893
Examiner | Alonzo Chambliss
Sheet 1 of 1 Docket # | HIRA.0236
U.S. PATENT DOCUMENTS
Exam. Document No. Publ. Date Name Relevance
Initial* Number — Kind Code MM-DD-YYYY Patentee or Applicant Passages/Figs.
2009/0324814A1 12-31-2009 | Parkin
|
FOREIGN PATENT DOCUMENTS
Exam. Publ. Date Name Relevance | Translation
Initial* (":(c.)untry-Num“l‘)ot‘aNl;- MM-DD- Patentee or App"cant ) Passages/Fi
ind Code gs
fesoeens, o —— YYYY -
o 000
NON PATENT LITERATURE DOCUMENTS
Exam. | Include NAME of the author (in CAPS), Title of Article/item, Date, Page(s), Translation
Initial* | Volume-Issue No., Publisher, City and/or Country where published
oo,
N
N
M
N
N
Nw
M
N
Examiner Signature /Alonzo Chambliss/ “ 1/28/201(Pate Considered

* Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP §609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.

ALL BEFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /AC/
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EAST Search History

EAST Search History

EAST Search History (Prior Art)

‘Ref Hits {Search Query DBs Default Plurals {Time Stamp
# Operator
123 467 {"257"/$.ccls. and (Fe (US-PGPUB; OR ON 2010/11/28
? ferromagnetic) and  {USPAT; 21:53
MgO and magnetic  {USOCR; FPRS;
adj3 device EPO; JPO;
DERWENT;
IBM_TDB

11/28/2010 9:58:44 PM

file:///Cl/Documents %20and%20Settings/AChambliss/My %20D...591947/EASTSearchHistory.10591947_AccessibleVersion.htm11/28/2010 9:58:48 PM
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PART B - ISSUE FEE (S) TRANSMITTAL

Complete and mail this form, together with applicable fees, to: Box ISSUE FEE
Assistant Commissioner for Patents
Washington, D.C. 20231

MAILING INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocl.s 1 through 4 should be pleted where appropri; All further
mcludmg thc Pucnl, ad\anoc orders nnd nmlf'canon of maintenance res will be mmled 0 lhc current address as indicated unless corrected below or directed otherwise in Block 1, by (a) specnf)’lng a .

e 8 on
. CURRENT COKRES PONDENCE ADDRESS (Nole Leglbly mul up mlh an Note: The certificate of mailing below can only be used for domestic mailings of the Fee(s)
Transmittal. This certificate cannot be used for any other accompanying papers. Each
STITE,S & HARBISON, PLCC additional paper, such as an assignment or formal drawing, must have its own certificate
SUITE 900

1199 N. FAIRFAX STREET
ALEXANDRIA, VA 22314

Certificate of Mailing
I hereby certify that this Issue Fee(s) Transmittal is being deposited with the United States
Postal Service with sufficient postage for first class mail in an envelop addressed to the Box
Issue Fee address on the date indicated below..

(Depositor's name)
(Signature)

(Date)
APPLICATION NO FILING DATE ' FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
10/591,947 09/08/2006 Shinji Yuasa HIRA-0236 8009
TITLEOF INVENTION:  MAGNETIC TUNNEL JUNCTION DEVICE AND MEMORY DEVICE INCLUDING THE SAME
APPLN. TYPE l SMALL ENTITY I ISSUE FEE | PUBLICATION FEE | TOTAL FEE(S) DUE I DATE DUE
nonprovisional NO $1510 $0 $1510 03/14/2011
EXAMINER ART UNIT | CLASS - SUBCLASS
CHAMBLISS, ALONSO 2892 257-295000
1. Change of. pondence address or indication of DFee Address” (37 CFR §1.363). Use of PTO | 2. For printing on the patent front page, list (1)
form(s) and Customer Number are recommended, but not required. . the names of up to 3 régistered patent attomeys 1._Stites & Harbison, PLLC
or agents OR, altemnatively, (2) the name of a ) .
(1 Change of correspondence address (or Change of Correspondence Address form PTO/SB/122) | single firm (have as a member a registered
attached. attorney or agent) and the names of up to 2 2._Juan Carlos A. Marquez, Esq
rcgislcre§ patent attomeys or agents. If no
[J “Fee Address” indication (or "Fee Address™ Indication form PTO/SB/47) attached. name is listed, no name will be printed
3 ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is only appropriate when an assigr has been previously submitted to the USPTO
or is being sybmitted under separate cover. Completion of this form is NOT a substitute for filing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
i dii %nt date: 12/29/¢B18 SHOHAKRL
JAPAN SCIENCE AND TECHNOLOGY AGENCY saitamdSHEENE dates Jo/eded i AT
, 81 FC:1501 -1518.60 0p
NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL
SCIENCE AND TECHNOLOGY Tokyo, Japan
Please check the indicated below (will not be printed on the individual X1 Corporation or private group entity { government
4a.  The following fees are enclosed: .
B ssue fee 4b. Payment of Fee(s):
BJ  Publication Fee & Payment — see explanation below.
0 Advance Order - # of Copies: & The Commissioner is hereby authorized by charge the required fee(s), or

credit any overpayment, to Deposit Account Number 12-0555.

The COMMISSIONER OF PATENTS AND TRADEMARKS is requested to apply the Issue Fee and Publication Fee (if any) to the application identified above.
(Authorized Signature) (vate) December 28, 2010

Commissioner for Patents is requested to apply

~—the Issue Fee and Publication Fee previously

ed from ‘"’;,,‘ﬁi&i?fﬂifm:d !)aid on August 12, 2010 to the application
identified above.

Juan C.A. Marquez Reg. No. 34,07, .
NOTE: The Issue Fee and Public: on, ee(lfrequued) will not be ace
registered patent attorney or ; of the assignee or other party in i
Trademark Office

Burden Hour Statement: Fhis’form is estimated to take 0.2 hours to ¢Smplete. Time will vary depending on the needs
of the individual case. Mmmmu on the amount of time required to complete this form should be sent to the
Chief Information Officér, United States Patent and Trademark Office, Washington, D.C. 20231. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND FEES AND THIS FORM TO: Box lssue Fee,

Assistant Commissioner for Patents, Washingion, D.C. 20231 12/29/2810 SMOHAKML BEBBB&')I 10591947
;Ji:;lf:);hz ::‘;:mdé x:g:zm::r 1995, no persons are required to respond to a collection of information unless it 81 F C 159 1 1516 ﬁa Op

TRANSMIT THIS FORM WITH FEE(S)
. Page2 of 3
PTOL-85 (Rev.07-01) Approved for use through 01/31/2004. OMB 0651-0033 . U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

US_ACTIVE-100195432.1 12/26/10 2:04 PM
2355LT:00236:190583:1 :ALEXANDRIA
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O.Box 1450

Alexandria, Virginia 22313-1450

WWW.“SP[O.gOV

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
10/591,947 02/08/2011 7884403 HIRA-0236 8009
38327 7590 01/19/2011

Juan Carlos A. Marquez

c/o Stites & Harbison PLLC
1199 North Fairfax Street
Suite 900

Alexandria, VA 22314-1437

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 881 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Shinji Yuasa, Ibaraki, JAPAN;

IR103 (Rev. 10/09)
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inre U.S. Patent Application of
YUASA

Patent No. 7,884,403
v Date of Patent: February 8,2011

Application Number: 10/591,947
Filed: September 8, 2006

For: MAGNETIC TUNNEL JUNCTION DEVICE AND
MEMORY DEVICE INCLUDING THE SAME

Attorney Docket No. HIRA-0236

Commissioner of Patents
P.O. Box 1450
Alexandria, VA 22313-1450

REQUEST FOR CERTIFICATE OF CORRECTION
Sir:
The Commissioner is hereby respectfully requested to approve and issue a Certificate of

Correction to correct an oversight by the USPTO.

One Foreign reference and 8 non-patent references filed on September 2, 2010 were
considered by the Examiner but all of them were inadvertently omitted. Please add to the cover

page of the patent under (56) References Cited, Foreign Patent Documents, the following:

“JP 11-097766 4/1999"

Please add to the cover page of the patent under (56) References Cited, Other

Publications, the following:

) “F. ERNULT et al., “Preparation of Nanometer-Scale Iron Dots on
Insulating Layer”, Science and Technology of Advanced
Materials, Vol. 4, (2003), pp. 383-389

. DAVID J. SMITH et al., “Structural Characterization of Thin Film
Ferromagnetic Tunnel Junctions”, Journal of Applied Physics, Vol.
83, No. 10, 15 May 1998, pp. 5154-5158
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I

. X. W. LI et al., “Fabrication and Properties of Heteroepitaxial
Magnetite (Fe304) Tunnel Junctions”, Applied Physics Letters,
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