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MAGNETIC TUNNEL JUNCTION DEVICE

[0001] CROSS-REFERENCE TO RELATED APPLICATION

[0002] The present application is a Continuation of U.S. Application 12/923,643
~ filed on September 30, 2010, which is a Coﬁtinuation of U.S. Application
10/591,947 filed on September 8, 2006, which is a National Stage Application of
PCT/JP2005/004720 filed on March 10, 2005. Priority is claimed from U.S.
12/923,643 filed on September 30, 2010, which claims pri'ority from U.S.
Application 10/591,947 filed on September 8, 2006, which clair_ns priority from
"PCT/JP2005/004720 filed on Mafch 10, 2005, which claims priority from Japanese
Applicatiop Nos. 2004-313350 and 2004-071186 filed October 28, 2004 and March
12, 2004, respectively, the content of which is hereby incorporated by reference into

this application.

[0003] BACKGROUND OF THE INVENTION
[0004] Field of the Invention

[0005] 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.
[0006] Description of Related Art

[0007] Magnetoresistive random access memories (MRAMs) refer to a large-scale

integrated memory circuit that is expected to replace the currently widely used

1
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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.

[0008] 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), a MTJ device comprises a
tunnelling junction structure in which a tunnel barrier (to be hereafter also referred
to ds 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.(sée 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 junction structure decreases. On the other hand, in the case of
antipaqallel 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.

[0009] 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

2
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block diagram. Fig. 9(C) is a cross-section of an example of the structure of the
MRAM. Referring to Fig. é(A), in an MRAM, a word [ine 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
relsistance 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 and a drain region 103 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 s grounded, and the drain
is connected to a bit line BL via the MTIJ device. A word line WL is connected to the

gate electrode 111 in a region that is not shown.

[0010] 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.

[0011] Non-Patent Document 1: D. Wang, et al.: Science 294 (2001) 1488.
[0012] SUMMARY OF THE INVENTION

[0013] Although there are prospects for achieving MRAMs with capacities on the

order of 64Mbits based on the current technologies, the characteristics of the MTJ
3
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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 (L1). As shown, in the conventional MT]J 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 meinory 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.

[0014] 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

magnetoresistance for stable operation.

[0015] 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 strucfure 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 MgO, (001) layer or a poly-crystalline MgO, (0 <x< 1)

layer in which the (001) crystal plane is preferentially oriented.

4
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[0016] 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) for:med on a first
side of the tunnel barrier layer; and a second ferromagnetic material layer
comprising Fe(001) formed on a second side of the tunnel barrier layer, wherein the
MgO layer is formed by a single-crystalline MgQO, (001) layer or a poly-crystalline
MgO, (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 devices as a load for a single. transistor, a non-volatile

memory can be formed.

[0017] In another aspect, the invention provides a method of manufacturing a

magnetoresistive device comprising: preparing a substrate; depositing a first

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

Fe(001) layer on the tunnel barrier layer.

[0018] 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 MgO, (0 < x < 1) in which the (001) crystal plane is

5

WD EX1006

Western Digital v IP Bridge

Page 36



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 MgO,(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 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 MgO, (0 < x < 1) in which the (001) crystal plane is
preferentially oriented. The MgQ layer may be deposited using a target with the
value of x in MgQO, adjusted. The value of x in MgO, may be adjusted in the step of

forming the MgQO.

[0019] 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 ferromagnetic material layer comprising an amorphous magneticballoy
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 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.

[0020] BRIEF DESCRIPTION OF THE DRAWINGS
6
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[0021] 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-Er relationship with respect to the

[001] direction of the momentum space.

[0022] Fig. 2(A) to Fig. 2(D) schematically show the process of manufacturing a
MTJ device with a Fe(001)/MgO(001)/Fe(001) structure (to be hereafter referred to
asa “Fe(001)/MgO(001)/Fe(001) MTJ device") according to an embodiment. of the

invention.

[0023] Fig. 3(A) shbws a RHEED image of a Fe(001) lower electrode (a first
electrode), and Fig. 3(B) shows a RHEED image of a MgQ(001) barrier layer.

[0024] Fig. 4 shows the results of observing the quadrupole mass spectra in the

deposition chamber during the MgO evaporation.

[0025] Fig. 5 shows the film deposition rate dependency of the oxygen partial

pressure during the MgO evaporation.

[0026] Fig. 6 shows  typical magnetoresistance  curves = of  the

Fe(001)/MgO(001)/Fe(001) MTJ device.

[0027] 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).

[0028] Fig. 8 shows the structure of the MTJ device and its operating principle.
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[0029] 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.

[0030] 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.

[0031] Fig. 11 shows the structure of a MTJ device according to a variation of the

invention, corresponding to Fig. 1(B).

[0032] DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0033] In the context of the present specification, because MgO 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

WD EX1006

Western Digital v IP Bridge

Page 39



ordering such as B2-type structre and L2,-type structure, and also the

aforementioned structures with slight lattice distortion.

[0034] 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
bérrier of an ideal single-crystal MgQO with hardly any oxygen vacancy defect or

lattice defect.

[0035] 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:
[0036] AR/Rp = (Rap - Rp)/Rp

[0037] 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:
[0038] MR ratio = (Rap - Rp)/Rp = 2P,P,/(1-P,P,), and
[0039] Pa = (Da T (Ef) - Da 4 (Ep))/(Da T (Er) + Da { (Es),

[0040] wherea =1, 2 (D
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[0041] Iﬁ the above equations, P is the spin polarization of an electrode, and Da
T (Br) and Da 4 (Ef) are the density of state (DOS) at the Fermi energy (Ef) 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%.

[0042] 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. -

[0043] The inventors tried an approach to deposit a MTJ device in which the tunnel
barrier comprises a single-crystal (001) of magnesium oxide (MgO) or a
poly-crystalline MgQO in which the (001) crystal plane is preferentially oriented. Itis
the inventors’ theory that, because magnesium oxide is a crystal (where the atoms
are arranged in an orderly fashion), as opposed to the conventional amorphous Al-O
barriér, the eiectrons 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 MgQO, (001) layer 3 or a poly-crystalline MgO,
(0 < x < 1) layer 3 sandwiched therebetween, the polycrystalline layer having the

(001) crystal plane preferentially oriented therein. According to the aforementioned

10
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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 v'ecto‘r 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 polariza.ti.on due to the fact that the sub-bands of the majority-spin
and the minoﬁty-spin have states at the Fermi energy Er. However, in case the
coherent states of electrons are conserved in the 'tunﬁeling process, only those
conduction electrons fhat 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 Ep, vyhereas the
minority spin Al band (broken line) does not have state at the Fermi energy Eg.
Because of such half-metallic characteristics of the Fe A band, there is the
possibility that a very high MR ratio can be obtained in a coherent spin polarized
tunneling. Since in an epitaxial (single—grystal, or (001) oriented poly-crystal) MTJ
device the scattering of electrons is su;')pressed during the tunneling process, an
epitaxial MTJ device is thought to be ideal for realizing the aforementioned

coherent tunneling,.

- [0044] 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 (OOl)/MgO(OOl)/Fe(OOl) structure
' 11
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according to the embodiment (fo be hereafter referred to as a
“Fe(001)/MgO(001)/Fe(001) MTJ device”). Fe(001) refers to a ferromagnetic
material wi'th 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 NigO(OOl) 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 thé O, partial pressure was 1 x 10 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).

[0045] Fig. 3(A) shows a RHEED image of the Fe(001) lower electrode (a first

electrode). The image shows that fhe 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 electrode) 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 MgQ(001) barrier layer 21 also possesses a good

crystallinity and flatness.
12
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[0046] 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 -techniquevs to obtain the

Fe(001)/MgO(001)/Fe(001) MTJ device.

10047] 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 bduring the MgO growth. The results show that the partial pressures
regarding the spectrum P1 of O and the spectrum P2 of O, are high. Fig. 5 shows the
film deposition rate dependency of the oxygen partial pressure during MgO
evaporation. It will be seen from the figure that the oxygen partial pressure itself is
higﬁ, and that the 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 tunneling current. In the case of a typical Al-O tunnel barrier, the height of
13
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the tunnel barrier with respect to Fe(001) electrodes is considered fo 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 the 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 barrieracan 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 MgO,
due to oxygen vdcancy 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

characteristics of MgO can be basically maintained.

[0048] 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 free electron mass (m = 9.11 x 103 kg) as the
electron’s effective mass. \'Nhen a bias voltage V (which is normally on the order of
500 mV to 1000 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.

[0049] 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

14
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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.

[0050] Itis noted that, in the event that ty,o 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 Jis 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:
[0051] J = [(2md)'"?/As)(e/h)? x exp[-(4nAs/h) x (2m)'/?] x V (2)

" [0052] where m is the mass of the free electron (9.11 x 107! kg), e is the elementary
electric chvarge (1.60 x 107°C), and h is the Planck’s constant (6.63 x 10* J-s). The
effective thickness of the tunnel barrier As is approximately ty,o — 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.

[0053] Fig. 6 shows a typical magnetoresistance curve of the
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 repi'escnt the highest MR ratios

that have so far been obtained at room temperature. Such high MR ratios cannot be

15
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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 values suggest the effectiveness of the approach of the
invention, The resistance-area (RA) product of the MTJI device was on the order of

a few kQum?, which is suitable for MRAM.

[0054] 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 rz;tio is
fairly émall. Although the characteristics are asymmetric, the voltage Vyarat which
the MR ratio is reduced in half of the zero-biés value is 1250 mV, whicﬁ is a very
high value. In this connection, it is noted that the voltage Vi 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) sho.ws the output voltage Vg, of the MTJ
device (=bias voltage x (Rap — Rp)/Rap). The maximum value of the output voltage
Vou 18 380 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.

[0055] Although in the above-déscribed 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 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.
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[0056] Hereafter, a MTJ device according to a second embodiment ofthe 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 aﬁne‘aling 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-inci1 é 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 fr(;m room temperature and maintaining that

temperature for a certain duration of time.

[0057] Oxygen vacancy defects may be introduced by a method whereby oxygen
vacancy defects is produced d‘uring growth, a method whereby oxygen vacancy
defects is int.roduced subsequently, or a method whereby a state with oxygen
vacancy defects is subjected to an oiygen plasma process or natural oxidation so‘as

to achieve a certain oxygen deficit level.

[0058] 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 MgQ has been deposited by sputtering, thereby eliminating the need for

large-sized equipment.

[0059] Hereafter, a MTJ device according to a variation of the embodiments ofthe

invention will be described with reference to the drawings. Fig. 11 shows the
17
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structure of the MTJ device according to the variation, which corresponds to Fig.
[(B). As shown in Fig. 11, the MTJ device of the variation is characterized in that,
as in the MTJ 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 MgO, (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.

[0060] As tl.le amorphous magnetic alloy, FeCoB, FeCoBSi, FeCoBP, FeZr, and
CoZr may be used, for example. Although an anneal process after the preparation
of the MTJ 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.

[0061] 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
barriér may be adjusted by doping Ca or Sr, instead of introducing an oxygen
vacancy defects to the MQO layer. Further, while the MgO layer has been described
to be deposited by electron-beam evaporation or sputtering, it should bé 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
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introduced, for example. In the case where oxygen is introduced, the term refers to

values on the order of 10" Pa.

[0062] 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 inve‘ntioﬁ suitable for very large scale

integrated MRAMs of gigabit class.
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What is claimed is:
1. A magnetoresistiv.e devic-é having a tunnel barrier junction structure, the
magnetoresistive device comprising: |
- afirst ferromagnetic material layer having a BCC structure deposited on a
substrate;
a second ferromagnetic material layer having a BCC structure; and
a tunnel barrier layer located between the first and sec‘:ond ferromagnetic
material layers, and
wherein said tunnel barrier layer comprises a single-crystalline in which
crystal plane is preferentially oriented and at least said first ferromagnetic

material layer comprises CoFeB alloy.

e

The magnetoresistive device according to claim 1, wherein said second

ferromagnetic material layer comprises CoFeB alloy.

20
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Abstract of the Disclosure

The output voltage of an 'MRA;M 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 si?gps. 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 10® 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 electtode (a second electrode) with the
thickness of 10 ﬁm 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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INTHE TITLE:
Please change the Title of the Invention to “MAGNETIC TUNNEL JUNCTION DEVICE”
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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-PTO-9199 and select option 2.
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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 13/400,340 02/20/2012 | [] To be Mailed
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALLENTITY []  ©R SMALL ENTITY
—
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L] Basic Fee N/A N/A N/A N/A
(37 GFR 1.16(a), (b), or ()
[] sEARcH FEE
(37 GFR 1.16(K), (i), or (m)) A N/A N/A A
D EXAMINATION FEE
(37 CFR 1.16(0). (p). or (a)) N/A N/A N/A N/A
Lo mus0- | - ] L
INDEPENDENT CLAIMS ) B _ ~
(37 CFR 1.16(h)) minus 3 = X$ = X$ =
If the specification and drawings exceed 100
O sheets of paper, the application size fee due
ASF;PCL’_lgﬁ-TSN SIZE FEE is $250 ($125 for small entity) for each
( 18(s)) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
[ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
p—
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
| 02/20/2012 | \ereq PREVIOUSLY EXTRA RATE®) 1 Fee (9) RATE 8) FEE ($)
5 AMENDMENT PAID FOR
S | [o@eromn -2 Minus | = 20 -0 xs = oR | x seo= 0
5 5
A B K I -0 T Sill ESRN B
<§( D Application Size Fee (37 CFR 1.16(s))
p—
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (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 (8) | FeE (9) RATE (8) FEE (9)
— AMENDMENT PAID FOR
Z Total 7 oR . Minus | = - Xs = or |xs =
= | lnoependert - Minus | »= - Xs - or [xs =
5 D Application Size Fee (37 CFR 1.16(s))
=
<C D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j) OR
TOTAL TOTAL
ADD’L OR ADDL
FEE FEE
i‘*lf the eintlry in column 1 is Ies§ than theT entr;y/‘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”. J/CARMEN WILLIAMS/
*** 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-PTO-9199 and select option 2.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

U.S. Patent Application of )
)
- YUASA )
Application Number: 13/400,340 )
)
Filed: February 20, 2012 )
)
For: MAGNETIC TUNNEL JUNCTION DEVICE )
)
Attorney Docket No. NAGI-0004 )
Mail Stop Amendment
Commissioner of Patents
P.O. Box 1450
Alexandria, VA 22313-1450
TERMINAL DISCLAIMER

Sir:

I, Juan Carlos A. Marquez, represent that I am the attorney of record for the above-
identified application. ‘

The invention has been assigned to Japan Science and Technology Agericy and National
Institute of Advanced Industrial Science and Technology, who are the owners by assignment of
100 percent of the right, title and interest in the above-captioned patent application.

Japan Science and Technology Agency and National Institute of Advanced Industrial
Scieﬁce and Technology are also the owners of 100 percent of the right, title and interest to U.S.
Patent No. 7,884,403 by assignment and hereby disclaims, except as otherwise provided
hereinbelow, the terminal part of any patent granted on the above-captioned patent application,
which would extend beyond the expiration date of the full statutory term of the prior
applications U.S. Patent No. 7,884,403, the term of said prior applications is defined in 35
U.S.C. §§154 and 173, and as the ferm of said prior applications is presently shortened by any
terminal disclaimer. Japan Science and Technology Agency and National Institute of Advanced
Industrial Science and Technology hereby agree that any patent so granted on the instant
application shall be enforceable only for and during such~ period that it and the prior
applications are commonly owned. This agreement runs with any patent granted on the instant
application and is binding upon the grantee, its successors or %%%g}ﬁla AWONDAF1 @EBEEE54 13488348

a1 FC:1814 168.88 0P
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Terminal Disclaimer
Page 2

In making the above disclaimer, Japan Science and Technology Agency and National
Institute of Advanced Industrial Science and Technology do not disclaim the terminal part of the
term of any patent granted on the instant application that would extend to the expiration date of

the full statutory term as defined in 35 U.S.C. §§154 and 173 of the prior applications, “as the

“term of said prior applications is presently shortened by any terminal disclaimer,” in the event

that said prior applications later: (a) expires for failure to pay a maintenance fee; (b) is held
unenforceable; (c) is found invalid by a court of competent jurisdiction; (d) is statutorily
disclaimed in whole or terminally disclaimed under 37 CFR 1.321; (e) has all claims canceled by
a reexamination certificate; (f) is reissued, or () is in any manner terminated prior to the

expiration of its full statutory term as presently shortened by any terminal disclaimer.

Respectfully submitted,

STITES & HARBISON, PLLC
1199 N, Fairfax Street

Suite 900

Alexandria, VA 22314
Telephone: 703-739-4900
Facsimile: 703-739-9577
Customer No. 38327

February 24,2012

236931:1:ALEXANDRIA
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of
YUASA

Application Number: 13/400,340
Filed: February 20,2012

For: MAGNETIC TUNNEL JUNCTION DEVICE

N N Nt v et st s’ gt et e’

Attorney Docket No. NAGI-0004

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) Terminal Disclaimer
(x) Credit Card form payment for $160.00

XJ  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,

Juafl Carlos A Mafque -
Bévi{stration N

STITES & HARBISON PLLC
1199 N. Fairfax Street, Suite 900
Alexandria, Virginia 22314
(703) 739-4900

February 24,2012

237569:1:ALEXANDRIA
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Electronic Acknowledgement Receipt

EFS ID: 12163641

Application Number: 13400340

International Application Number:

Confirmation Number: 1060
Title of Invention: MAGNETIC TUNNEL JUNCTION DEVICE
First Named Inventor/Applicant Name: Shinji Yuasa
Customer Number: 38327
Filer: Juan Carlos A. Marquez

Filer Authorized By:

Attorney Docket Number: NAGI-0004
Receipt Date: 27-FEB-2012
Filing Date:
Time Stamp: 13:01:14
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no

File Listing:

Document . . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)

207001
1 Change of Address change.pdf no 1

049247c018fb48dc45d6dcedfofda22Ted9s
ecbf

Warnings:

Information:
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442499

2 Miscellaneous Incoming Letter auth.pdf no 1
4edc62df877c87c¢96fb70cf77e83f75a56513|
Warnings:
Information:
Total Files Size (in bytes):l 649500

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 13/400,340
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
e .01 0) N/A N/A N/A N/A 380
SEARCH FEE
o) N/A N/A N/A N/A 620
EXAMINATION FEE
EXAMINATONTEE N/A N/A N/A N/A 250
TOTAL CLAIMS *
(37 CFR 1.16(i)) 2 minus 20= OR |x 60 0.00
INDEPENDENT CLAIMS *
(37 CFR 1.16(h) 1 minus 3 = x 250 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(87 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1250
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
< AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total . i - =
s (37 oFg? 16(7)) Minus OR |«x
=) - r =
E (égdoerRe? .?S(T‘t)) Minus OR |«x
3 Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
w Total * Minus ** =
= (a7 CFg ?.16(\)) OR |x
% Independent Minus | *** = OR x
L (37 CFR 1.16(h))
z Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20".
*** |f 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 found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: gg}gMI?%%OVER FOR PATENTS

Q. Box 145

Alexandria, Virginia 22313-1450
WWW.USDO.gOV

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
13/400,340 02/20/2012 1629 1250 NAGI-0004 2 1
CONFIRMATION NO. 1060
38327 FILING RECEIPT

Juan Carlos A. Marquez

c/o Stites & Harbison PLLC IR TN
1199 North Fairfax Street 00000005295
Suite 900

Alexandria, VA 22314-1437

0

JUTE L

8

Date Mailed: 03/08/2012

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts"” for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Shinji Yuasa, Ibaraki, JAPAN;
Assignment For Published Patent Application
Japan Science and Technology Agency, Saitama, JAPAN
National Institute of Advanced Industrial Science and Technology, Tokyo, JAPAN

Power of Attorney:
Stanley Fisher--24344
Juan Carlos Marquez--34072

Domestic Priority data as claimed by applicant
This application is a CON of 12/923,643 09/30/2010
which is a CON of 10/591,947 09/08/2006 PAT 7884403
which is a 371 of PCT/JP2005/004720 03/10/2005

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)

JAPAN 2004-313350 10/28/2004

JAPAN 2004-071186 03/12/2004

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual
property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.

If Required, Foreign Filing License Granted: 03/02/2012
page 1 of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/400,340

Projected Publication Date: To Be Determined - pending completion of Corrected Papers
Non-Publication Request: No

Early Publication Request: No
Title

MAGNETIC TUNNEL JUNCTION DEVICE
Preliminary Class
514

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, http://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).

page 2 of 3
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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 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).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best

country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: gg}gMI?%gOVER FOR PATENTS

Q. Box

Alexandria, Virginia 22313-1450
WWW.USPLO.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/400,340 02/20/2012 Shinji Yuasa NAGI-0004

CONFIRMATION NO. 1060

38327 FORMALITIES LETTER

Juan Carlos A. Marquez

c/o Stites & Harbison PLLC IR LM RE

1199 North Fairfax Street 000000052554019

Suite 900

Alexandria, VA 22314-1437
Date Mailed: 03/08/2012

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Filing Date Granted

An application number and filing date have been accorded to this application. The application is informal since
it does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS
from the date of this Notice within which to correct the informalities indicated below. Extensions of time may be
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

The required item(s) identified below must be timely submitted to avoid abandonment:

+ A replacement abstract not exceeding 150 words in length and commencing on a separate sheet in
compliance with 37 CFR 1.72(b) and 37 CFR 1.121 is required.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserl ocalEPF .html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/tnguyen/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of

YUASA

Application Number: To Be Determined
Filed: February 20,2012

For: MAGNETIC TUNNEL JUNCTION DEVICE
Attorney Docket No. NAGI-0004

Mail Stop Amendment

Commissioner of Patents

P.O. Box 1450
Alexandria, VA 22313-1450

PRELIMINARY AMENDMENT

N N N ' N ' ' ' ' ' v’

Sir:

Prior to an examination on the merits, please amend the above-identified application as

follows:

WD EX1006
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IN THE TITLE:

Please change the Title of the Invention to “MAGNETIC TUNNEL JUNCTION DEVICE”

WD EX1006
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REMARKS

No new matter has been added as a result of this amendment. In view of the above
amendment and Applicant’s comments stated herein, Applicant respectfully requests an early

and favorable action on the merits.

Respectfully submitted,

/juan.carlos.a.marquez/

Juan Carlos A. Marquez
Registration No. 34,072

STITES & HARBISON PLLC
1199 North Fairfax Street, Suite 900
Alexandria, VA 22314

Telephone: (703) 739-4900
Customer No. 38327

February 20,2012
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Electronic Acknowledgement Receipt

EFS ID: 12298802
Application Number: 13400340
International Application Number:
Confirmation Number: 1060

Title of Invention:

MAGNETIC TUNNEL JUNCTION DEVICE

First Named Inventor/Applicant Name:

Shinji Yuasa

Customer Number:

38327

Filer:

Juan Carlos A. Marquez

Filer Authorized By:

Attorney Docket Number: NAGI-0004
Receipt Date: 14-MAR-2012
Filing Date: 20-FEB-2012
Time Stamp: 10:17:52

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

no

File Listing:

Document . . File Size(Bytes)/ Multi Pages
Document Description File Name f . .
Number Message Digest | Part/.zip| (if appl.)
195180
1 Transmittal Letter NAGI-4_Transmittal_Sheet.pdf no 1
0f9872b8716028ebd6d215a862e9122ff984]
3ca7

Warnings:

Information:
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87026
NAGI-4_Continuation_IDS.pdf no 2

7139712e056f91c2da142c9b 17670417970
bfa40

Information Disclosure Statement (IDS)
Form (SB08)

Warnings:

Information:

This is not an USPTO supplied IDS fillable form

o 73697
3 Preliminary Amendment NAGI-4_Preliminary_Amendme no 3
nt.pdf
fbf063dbc87e7ded32e8e24ade2e1345ba5)
4cffo
Warnings:
Information:
Total Files Size (in bytes):I 355903

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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CUSTOMER NO. | 38327

CONTINUATION/DIVISIONAL APPLICATION TRANSMITTAL
(Rule 53(b) Continuation or Divisional) DUPLICATE
addressto: - ASSistant Commissioner of Patents

Box Patent Application
Alexandria, VA 22313-1450

NAGI.0004

Yuasa

This requests a X Continuation or [ Divisional application under 37 CFR §1.53(b) of prior application:
12/923,643 2892

September 30, 2010 Alonzo Chambliss

SHINJI YUASA

MAGNETIC TUNNEL JUNCTION DEVICE

closure of the pending, prior application is hereby incorporated by reference.

O 2. Submitted herewith is a copy of the complete prior application as filed.

O 3. This application is filed by fewer then all the inventors named in the prior nonprovisional apphcatlon 37
CFR 1.53(b)(1). DELETE the following inventor(s):

4. Submitted herewith is a copy of the signed Oath/Declaration from the prior application.

O 5. Small entity status was established in the prior application, and is still proper and desired.

O 6 A month Petition for Extension of Time is filed concurrently in the prior application.

7. The Commissioner is authorized to credit any overpayment and charge any deficiency in any fees required
under 37 CFR § 1.16 and/or 1.17 to Deposit Account No. 12-0555.

8. Credit Card Form 2038 in the amount of $ 1,290.00 for filing fee and Assignment Recordation fee is
submitted herewith.

O 9. Insertbefore the first sentence of the specification:

O 10. Cancel in this application original claims of the prior application before calculating filing fee.

B 11. The prior application is assigned of record to: Japan Science and Technology Agency and National Institute \
of Advanced Industrial Science and Technology.

12. Priority is claimed from U.S. 12/923,643 filed on September 30, 2010, which claims priority from U.S.
Application 10/591,947 filed on September 8, 2006, which claims priority from PCT/JP2005/004720 filed
on March 10, 2005, which claims priority from Japanese Application Nos. 2004-313350 and 2004-071186
filed October 28, 2004 and March 12, 2004, respectively, the content of which is hereby incorporated by
reference into this application.

B 13. A Preliminary Amendment is enclosed.

5|

14. Other: Information Disclosure Statement with Form PTO-1449

THE FILING FEE IS CALCULATED AS FOLLOWS: BASIC FEE (FILING, EXAM- $1,250.00
INATION AND SEARCH FEES):
0
ple Dep 0
STITES & HARBISON PLLC (Add $360.00):
1199 North Fairfax Street Total 31 -100 0
Suite 900 Pages
Alexandria, VA 22314 Subtotal: 1250.00
Telephone: (703) 739-4900 50% Reduction if Small Entity Status: 0
Please use Customer No. 38327 Total: 1,250.00
February 20, 2012 Juan Carlos A. Marquez {juan.carlos.a.marquez/ 34,072
WD EX1006
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of

YUASA

Application Number: To Be Determined
Filed: February 20,2012

For: MAGNETIC TUNNEL JUNCTION DEVICE

N et e et e et et et et v’

Attorney Docket No. NAGI-0004

Mail Stop Amendment
Commissioner of Patents
P.O. Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Sir:
The above-referenced application is a Continuation of U.S. Application 12/923,643 filed
on September 30, 2010, which is a Continuation of U.S. Application 10/591,947 filed on

September 8, 2006, which is a National Stage Application of PCT/JP2005/004720 filed on
March 10, 2005.

It is understood that the listed references will be considered in the examination of the
application and that no separate copies of the same prior art are required to be provided since
they were previously cited or transmitted in the foregoing prior application, pursuant to 37 CFR
§ 1.98(d). Form(s) PTO 1449 is enclosed listing references cited by the Examining Attorney and

submitted by applicant in the prior applications.

This Information Disclosure Statement is submitted with the above-captioned U.S.

Continuation application. Accordingly, no fee is due or payable 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,

/juan.carlos.a.marquez/

Juan Carlos A. Marquez
Registration Number 34,072

STITES & HARBISON PLLC
1199 N. Fairfax Street, Suite 900
Alexandria, Virginia 22314
(703) 739-4900

February 20, 2012

236939:1:ALEXANDRIA
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In re U.S. Patent Application of )
)
YUASA ) Art Unit 1629
)
Application Number: 13/400,340 )
)
Filed: February 20, 2012 )
' . , )
For: MAGNETIC TUNNEL JUNCTION DEVICE )
: )
Attorney Docket No. NAGI-0004 )
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:
TOTAL WITH TOTAL CLAIMS RATE CALCULATION
FOR NEW CLAIMS | CURRENTLY ON ALREADY '
ADDED _ FILE PAID _
Total Claims 2 2 (Over 20) x $60 0
Independent 1 1 | x $250 0
Claims (Over 3)
MULTIPLE | + $450 0
DEPENDENT
CLAIM(S)
REDUCTION FOR FILING BY SMALL ENTITY (noté 37’ C.?.K §§ 1.9, 1.27, 1.28). | x ¥
TOTAL $0

In addition, the below-identified communications are submitted in the above-captioned application or proceeding:

[ x] Supplemental Preliminary Amendment
with claim amendments and Response to
Notice to Correct Application Papers
Sheets of Drawings

[ ]
[ ]

Terminal Disclaimer

“ODMAVPCDOCS\ALEXANDRIAR39807\

[ ] Information Disclosure Statement
[ x] Copy of Notice to Correct Application Papers
[x

] Substitute Abstract
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[ 1 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: ’
[ Jone (1) month [ ]two (2) months [ ]three (3) months

The fee set in 37 C.F.R. § 1.17 for the extension of time is $ for a large/small entity.
[ 1 Creditcard information for $ to cover the fee associated with this filing is enclosed.

[ 1 Please charge my Deposit Account Number in the amount of to cover the fees for

[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,

Registration No. 34,072

STITES & HARBISON PLLC
1199 North Fairfax Street, Suite 900
Alexandria, VA 22314

Telephone: (703) 739-4900
Facsimile: (703) 739-9577
Customer No. 38327

March 13, 2012

239807:1:ALEXANDRIA

SODMAPCDOCSWLEXANDRIAI980N
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UNTTED STATES DEPARTMENT OF COMMERCFE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

Zo. Box |4

i, Vinginia 22313-1450

WWWUSPLD GOV
[ APPLICATIONNUMBER | FILING OR 371(C) DATE ]|~ FIRSTNAMED APPLICANT | ATTY.DOCKETNO/FITLE "]
13/400,340 . 02/20/2012 Shinji Yuasa _ NAGI-0004
: CONFIRMATION NO. 1060
38327 FORMALITIES LETTER

Juan Carlos A. Marquez

o Sites & Harieon PLLC L

1199 North Fairfax Street
Suite 900
Alexandria, VA 22314-1437

Date Mailed: 03/08/2012

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Filing Date Granted

An application number and filing date have been accorded to this application. The application is informal since
it does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS
from the date of this Notice within which to correct the informalities indicated below. Extensions of time may be
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

The required item(s) identified below must be timely submitted to avoid abandonment:

« A replacement abstract not exceeding 150 words in length and commencing on a separate sheet in
compliance with 37 CFR 1.72(b) and 37 CFR 1.121 is required.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee. ‘

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
ttps:/sportal.uspto.gov/authenticate nticateUserl ocalEPF.

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebe.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/tnguyen/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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Art Unit 1629

YUASA
Application Number: 13/400,340
Filed: February 20,2012

"For: MAGNETIC TUNNEL JUNCTION DEVICE

N N N Nt Nt s s s St et

Attorney Docket No. NAGI-0004

Mail Stop Amendment
Commissioner of Patents
P.O. Box 1450

Alexandria, VA 22313-1450

SUPPLEMENTAL PRELIMINARY AMENDMENT AND RESPONSE TO
NOTICE TO FILE CORRECTED APPLICATION PAPERS
Sir;
Prior to an examination on the merits and in response to the Notice to File Corrected

Application Papers, please further amend the above-identified application as follows:
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IN THE SPECIFICATION:

In response to the Notice to File Corrected Application Papérs, please replace the

Abstract of the Disclosure currently on file with the Substitute Abstract attached hereto.
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IN THE CLAIMS:

Claims 1-2 stand for consideration in this application, wherein claim 1 is being amended

to more particularly point out and distinctly claim the subject invention, as follows:

1. (Currently Amended) A magnetoresistive device having a tunnel barrier junction
structure, the magnetoresistive device comprising:
a first ferromagnetic material layer having a BCC structure deposited on a
substrate; V
| a second ferromagnetic material layer having a BCC structure; and
a tunnel barrier layer located between the first and second ferromagnetic material
layers, and |

wherein said tunnel barrier layer comprises a single-crystalline magnesium oxide

in which (001) crystal plane is preferentially oriented or a poly-crystalline magnesium

oxide in which (001) crystal plane is grefefentially oriented, and at least said first

ferromagnetic material layer comprises CoFeB alloy.

2. (Original) The magnetoresistive device according to claim 1, wherein said second

ferromagnetic material layer comprises CoFeB alloy.
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-

REMARKS

Prior to an examination on the merits and in response to the Notice to File Corrected
Application Papers, Applicant respectfully requests that this application: be further amended as
outlined above in order to place the application in better condition for examination. No new
matter has beén added as a result of this amendment.

Upon a review of the Notice to File Corrected Application Papers mailed on March 8,
2012, advising Applicant to file a replacemeni abstract not exceeding 150 words, submitted
herewith is a replacement abstract to comply with the requirements. |

The Notice was dated March 8, 2012, the period for response to which is set to expire on
May 8, 2012. |

Please direct any inquiries in connection with this applice;tion to the undersigned.

In view of the above amendment and Applicant’s comments stated herein, Applicant

respectfully requests an early and favorable action on the merits.

Respectfully submitted,

%(;gistration No. M-

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 14,2012
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SUBSTITUTE 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 as follows: A single-
crystalline MgO (001) substrate is prepared. An epitaxial Fe(001) lower electrode (a first
_electrode) is grown on a MgO(001) seed layer at room temperature, followed by annealing under
ultrahigh vacuum. A MgO(001) barrier layer is epitaxially formed on the Fe(001) lower
electrode (the first electrode) at room temperature, using a MgO electron-beam evéporation. A
Fe(001) upper electrode (a second electrode) is then fonned on the MgO(001) barrier layer at
room temperature. This is successively followed by the deposition of a Co layer on the Fe(001)
upper electrode (the second electrode). The Co layer ié provided so as to increase the coercive

force of the upper electrode in order to realize an antiparallel magnetization alignment.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 13/400,340
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
e .01 0) N/A N/A N/A N/A 380
SEARCH FEE
o) N/A N/A N/A N/A 620
EXAMINATION FEE
EXAMINATONTEE N/A N/A N/A N/A 250
TOTAL CLAIMS *
(37 CFR 1.16(i)) 2 minus 20= OR |x 60 0.00
INDEPENDENT CLAIMS *
(37 CFR 1.16(h) 1 minus 3 = x 250 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(87 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1250
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
< AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total . i - =
s (37 oFg? 16(7)) Minus OR |«x
=) - r =
E (égdoerRe? .?S(T‘t)) Minus OR |«x
3 Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
w Total * Minus ** =
= (a7 CFg ?.16(\)) OR |x
% Independent Minus | *** = OR x
L (37 CFR 1.16(h))
z Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20".
*** |f 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 found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIO\TER FOR PATENTS

Aléxa:?;m Virginia 22313-1450

WWW.USPLO.gov

wi%ﬁggON I 37FlI(L£\I§AOTrE Glg\l?fT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
13/400,340 02/20/2012 1629 1250 NAGI-0004 2 1
CONFIRMATION NO. 1060
38327 UPDATED FILING RECEIPT
Juan Carlos A. Marquez
/o Stites & Harbison PLLC AR LA

1199 North Fairfax Street
Suite 900
Alexandria, VA 22314-1437

Date Mailed: 03/21/2012

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts"” for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Shinji Yuasa, Ibaraki, JAPAN;
Assignment For Published Patent Application
Japan Science and Technology Agency, Saitama, JAPAN
National Institute of Advanced Industrial Science and Technology, Tokyo, JAPAN

Power of Attorney:
Stanley Fisher--24344
Juan Carlos Marquez--34072

Domestic Priority data as claimed by applicant
This application is a CON of 12/923,643 09/30/2010
which is a CON of 10/591,947 09/08/2006 PAT 7884403
which is a 371 of PCT/JP2005/004720 03/10/2005

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)

JAPAN 2004-313350 10/28/2004

JAPAN 2004-071186 03/12/2004

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual
property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.

If Required, Foreign Filing License Granted: 03/02/2012
page 1 of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/400,340

Projected Publication Date: 06/28/2012
Non-Publication Request: No

Early Publication Request: No
Title

MAGNETIC TUNNEL JUNCTION DEVICE
Preliminary Class
514

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, http://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).

page 2 of 3
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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 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).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best

country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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H & E % & T

JAPAN PATENT OFFICE

AAMBNOEFRICLBEEIN TV LI2FHITROEBEEHICRB|M IAT

WAHEIHEEF—-TH 5L Z

EEFEWT B,

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

with this Office.

t B # A H

Date of Application:

th B F F

Application Number:

SN EMIZE BN EANOBE

KAWL ELEO ZREOERE
L HBEOET - FEHER
S

The country code and number
of your priority application,
to be used for filing abroad
under the Paris Convention, is

H JBE A
Applicant(s):

Commissioner,

BHHETEE :i
>

20044 3H12H

12 004—071186

JP2004—-071186

JHAZATIBOE ARV i B
PR AT IBUR N PE S A S FSERT

20124 3H22H

Japan Patent Office

=
e
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(FHE 2] Fraras ko Him
(R&RkIA 1]

My VfEEERg & % b vk VRERERE o 1 IIMRCIZRE N/ BCCHEiEZ A9 5% 1
DOIEREMEIRE & BIEC b > R VREREEfE o 2 AN SN/ BCCHE2H I 58 2 @
MR RTE &, BETOESAN RIS HEIETH - T
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o — R NEM11122HTAMOSFET1I00&, TMRETF1I1722FHL TS
o VAT 03T —REME 1 1 3ENLTHEM (GND) &5, KL A 41 0
5, RUA EMI 1 5ETMREZTFEEZNLTEy MEB LIZEwMINTWS, 7T—
REEWLIEF — hdEME 1 1 LIS L TEPR LU WEIRIc B UEmS vt 4,

[0004)

PLEIZEH L 72 2 912, NMEFRMEAEUMRAMIZ, 1 >2OMOSFET100&TM
RET11TEICENV 1 2DAEYVIVEERT DI W TELHzD, BEMIGCEL 2
ABYFZETELNDZENTELSL,

(000 5]

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

(FIH DBFI7R]

(FEEADSER L £ 5 & 7 % 3]8H)

(000 6]

BRI Z 5221k 0D64Mb i t HEOMRAMZERTLAELIZ T - T
B, Fnll LoEsEf{to=9i2ld. MRAM®O.LDIEERCH A TMR EZFoiFE%2 b L
STHELPLERH L, FHZ, TMRETFoljERE% N E3¥ 511, Bidioli ke E

WD EX1006
Western Digital v IP Bridge
Page 118



R otGE oM M ETH L, M1 0d, 7ELT 7 AA 1 —0% K> RrILEEEEY L
TP ERMTMRZ T ORI AIMELIC L 222 RIXTHL (L1) . X1 012
TR LIS, HERMTMRZEZTICEBOL T, Ay hes L, FRCER 28T 52 &
IZ kD BRI IYEITN S RS AL NS, T ok D RIFE T, EifEr—Y >
ZERBLIZEIEEWNETEL LD, FEOLREETICHC 2o L, kY BARE
Wi, BURO TMRZ 7 omSHTER70% k<. 2B /TEEH200 m VLT & K
7z, DRAM®OEIJEEICH AR TEREITESTH Y, BFEELZ FT L1200 {3508
A RO NTFALE TR TLED 20 H BENS 5 72,

(000 7]

RFEHIE, TMRETICBULENERE2 KESLTLH22HEETH, &6, K&
RS kD WEICEWE T AR EE 2R T A o 2 HE T 5,

GREE 2 3 5 7z o TR

(000 8]

FFEHO—FLIT L IE, b VREEEg . X b R IVEREBoF 1 mElcER S
7o-BCCHGEZFI 58 1 ofehiiEe. BIEE b > VRERERG o 2 AN R S vz
BCCHEZ BT HH 2 o ARE L. 253 584N 2NVEGHETH - T, BIEE
k2 R OVBEEEEAS, HATEMg O (1 00) HHvE (1 00) HRmAaESAm L 72
ZAERMg O x (0<<x<1) JEICEDIEREN TS Z & 25 3 5 SHTE T
fRftans,

(000 9]

F7/2. MgO (100) o s by xIVPEEERG Y. bk > ILBEEERE o 1 mHha
Eh/zFe (100) 6758 1 oigetihE &, FJEE b > rIVEEEEE o 2 Al
Ek&En/zFe (100) »onsdf2omlikge., 25T 285N > 2IVEGHIE
TdH - T, HIGEEM g Ofg4s, BHfiEEMgOx (1 00) HHWE (1 00) HRAMHAIEL
BUH L 72 Z5EMg O x (0<x<1) JHICEVIERENT VDS Z & 21 e T 5 UL
ETRE IS, AIicMgO (1 00) [Bofs8d Mme Al Fe (1 00) @7
=)V I Z RN F—DloNEmE (b2 R VEESS) 2HEARBICBULHE LD K<L
ez B E 5, iz WS & BRI RL TMRETO R IJETE 2K
ELTABZENTCER, 1D IAYOERME LT LORSENETEZHS &,
MNMERM OLIEZET 2R T L 2 & AVTE 2,

[0010]

ARFEHOMOBLAIC LUE, e &I 2 TR, FEMWMECFE1oFe (100)
BT L TfE, Il 1loFe (100) B RICETE—LAZEFIC LY BEEM
g0x (100) H2W0E (1 00) FHRAMAMEIAML 224 HFMg 0 (0<x<1
Y IS h N R IVEEEE R SRS NICBWTHEFE T A TREE . k2 pILEREESg o
20Fe (100) [@2ERTLIREEHIT LI L 2T E I oI FoRE S
EREE NS,

(001 1]

Frz. BRiEMgOx (100) 2% (1 00) AEMAMELRN L 224 EM g
Ox (0<x<1) okl MEEfTLH 1 T, FZFEMEICEHE1OFe (100
) BEHEFEL., RO T. #R oo 7 =— L2738 2 TFRE, BIiE 1oFe (1
00) Jg LICETFTLE—LEGHRICLVENEMg O (100) HH50E (1 00) Hig
HPMEEI L 722/ EMg O 4 (0<x<1) o sb hrp)fEEgLrmEzE Fics
WTHERE T A 3 TFE e, A VERERB FICE 20 Fe (1 00) 2EARTLHHE4
TFE2H9 52 &R e T2AIMSErollE gt s hsg, . gled 1 ¢
FReBE2 THEOEIC, BHEMegOx (1 00) HD:E (1 0 0) H&HAMEICHEN
L7=Z#EMg 0O, (0<x<1) mosbs—REE2RETHIREZAL T THRN
. EL BT ENT » AMgOfg%. Mg O O x iz fEHLDH — 4w &2 T
HEFFL TH R, ZoF FIEE7ENLTY 7 AMg O%2 AT 5 TFEHIZ, Mg O x @ x{H
R TL EV,
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(001 2]

RFEHO S HIIHOBAITEINIE. MgO (1 00) oA Ny rLfEERB L. K
VR NVEEEE OE 1 NSRS N T T v ARMES S0 5 70 A 1 OlhMARE &

BIGC b > rIVFEEEf o 2 NI E NI T IV 7 7 ARG 52 58 2 Dihik
Mg L., 20T 208 2 MESGHETH - T, AlicMg O (1 00) [EofmEE T
e Bl 7 BT » ARMES SN 658 1 UEE 2 ofmkiiAE L © 7 =)L I E{1 o
OAERE (M RIVEEEORS) ZEMARICBUL2HEENE LD I Lz & 25
eI 2 RSIRIEE TR S S,

(FEBH D R )

(001 3]

KRFEC LN, RO TMREZTICHANT RS SBGHIIZELZ 28T, TMR
i%wmﬁ FEHZRKELTLHZIENTESL, (5T, TMRETZHW/EMRAMOEHE
FALSE R L WO S 5.

[%m%%ﬁTéﬁ@@ﬁﬁ@%,]

(0014)

KREAIEIC BTGB RICHE T S TTHER2E] & 0BT, EANOEE T8
DOEERISHER L 7= TH 5 (BECHL : W. Wulfhekel, et al.: Appl. Phys. Lett. 78
(2001) 509.) . Z D kD RAETIL, M%K%%%?K%#ukhgﬁwﬁﬁmﬁﬁm

BMgOD KR VERED FEIREL S D Z 2T 500, HHERRE L v HEZ Ak
f\_o

(001 5]

FHH D FFEDIZHEIZ DT T B HC, FIHBE DTS 2 HBRITOWTERHEZITY. M
T J oEEdddin (MR) d, DIToXATtRaEns,

AR/ Rp= (Rap—Rp) /Rp

22T, RpMURapld, 2200&EMOEALSTATE X HATOEHEGD b2 2 UEGE
edhs, JullireonNRNiTEE BN 7RETICBIAOMREE. DTk
HIEREND,

MRIit= (Rap—Rp) /Rp=2P P2/  (1—P1P2) THY,
Pa= (Dal (Eg) —Dal (Egp)) / (Da? (Ep) +Dal (Eg) . a=

1, 2 (1)
eFREND,

(001 6]

T2, Pold. BToA 3 THY, Dal (Eg) Dol (Ep) &
FNEN, ZBRERACE AR R A AV RO 7 2R 22X — (ER) BT A
REEEE (Density of state:DOS) Tha, GMENSBERTES
DA DML 0 . 5T THE7-D, JulliredniRITENIE HLEWHE
EMREELTT7TO%NTHIENS,

MTJZFZ7ENT7 7 ADA L —0D L > x)U[EEE L AR EEME 2 HOTIER T %
. FERTOMREELTHTO%EIMHEMNESNT S0, DRAMIE O JJETET
HLH200mVEELIOITHLL., FAOEIIIMRAMEROH T LMELAE - T
%,

(001 7)

FHEFT, B2 T8 (1 00) HAH0NE (1 00) FEHAEITAL
LEZiEREMgO% b L fEEY L THWEMT J2RET A7 Ta—F 2T s
. ERDTENT 7 ADT IV FEEE L TFE Y B~ 7 R T LR RTEAY
ELLEWL=WE) Thoze, ETHEELENT, EToake — v/b%%ﬁ}/?
NBREOBOWTREFEENS Z e TSNS, M1, KEBOFEE LL5MT JHETH
B (X1 (B) ) &, dEikefEcHsLFe (100) @zzn/ﬂe AVAN: ot
‘ D, EEZERO [100] HESd 52 E—E o2 Rr9 (M1 (A) ) T
H5H. M1 (B) IRT &I, KXEEOEBCLLIMT JEZTHEE FH1oFe (1
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00) fJ@le, FH2dDFe (100) @by, ZhoBIcHENZBHEREMg O (1
00) EHLHWE (1 00) FRARMAMEIEIN L 722 EMg O (0<x<1) 3 ¢&
VDR AELTHERENATWS, FdJullireoEsdflicihd, BEETOERALH
LSk Ta 2 BWTREFEENLS TS5, MgO2FEMT 5 k> RIVERIIE

b > IVRREEICHEE Ze 1) (FEE AT 2358 A 0D o7 vk 2, 2 B4 5E
TSNS 4. K1 (A) 1R [100] (r—H) HEIIBITLFe T x L ¥ —
Ny RERCTENE, 7= VI EAE pIZ B SREERRE (DOS) 1. ZRAREY V2K
A DOV TN R 2 )V IBNE pll BWTREBEBL Tnb o, ThUFEEE G
MRz m&E g, LnLedis, @Foab—Lr MREER R D 2 VBB BWLTHRES
NAHTJEITE, PEEECEE 2N LT b — NS R @il e 9 5 BlE T o &
PFREERURIC BT S RBE B L, HL—ED b pUERE2 > 2 i s, M1 (A
) AITRT RIS, ZBHAE YA LAY R B 7 =V IEAE plREB2 59 505
PEAE A LAY (BGERD F7 =V SEME piOREEZH L2, ZokdRFeA
1N RON=T X VRIS £ D JFRICECMR I e — L > b7 2 e o it
i BT sNLa RS 5. 2y X2 vl (ERiRHL0E (1 00) K
MZAR) OMT Jidk, b > RV BI 2E T ofGELysdli s h s 20, Fido k
DAL =LY N by RNV ERBIT L20ICEHEN TS L L ER 605,

[001 8]

LI, ARFEHDOH 1 OFFEOIZREIC L D diiza 7 MO odlidE ki 2u»THim %
ZHL>28AZT>. M2 (A) o2 (D) £TiE AREHOERMOEBIZ LS F
e (100) /MgO (100) /Fe (100) #azHI2EAMEIET (AT, T
Fe (100) /MgO (100) /Fe (100) MTJJ ¢¥¥2%5. ) ol Tz
HAMNRIHTHS, Fe (100) X, BCCHEEZ2HIT LMmBIMEATHS, T
BEREMgO (100) #iR1 1 Z%¥fHL, MBEE (o3 —F) kb,
HHEEMgO (100) #fil loRAoTE 70y —28ET L5720, MgO (100
) Y= KE1l5&ikETSL. WmL T, M1 (B) ITRT LI, 50nm/EoEr ¥
% J)LFe (100) TEp&EM (B1EM 1 72Mg0O (100) >—K/Eg15 FicxE
BTREL, /ROT, #HEEZS T (2X10—8Pa) BT, 350CT7=—)L%
119, W, ETHRESFICBU 25405 MEEES8 KV THY, REEHENMO0., 02n
m/F, RERESER (293K) . V-2 LUHMFEGHHMKROMg O (Mg &
OLDHA1 + 1) MV, V—2rHEWME DX 4 0cmeiL, Ry 27592 KD
BHZEER1 X1 0—8Pa, OsHENLI X1 0—6PaThsb. M. fEEEi#Ko
MgO (Mg O&lAtl : 1) ofibhic, OKEEZ2HFIT LY —AE2HHATLZEb
aRETH B,

[001 9]

M3 (A) X ZofFEoFe (100) MEREM (3B 1EM) 1 7TORHEEDA X —
VERTHTHL, M3 (A) 1ITRTLEIIC, Fe (100) EREM GE1EMN 17
RS REEE FHEZ B L TSI 2R LT 5, KW, M2 (C) ITrRT LD
T, 2nm/EOMgO (100) NUFPE21%2Fe (100) TFEfEMm (GF 1EM 1
7T RZEETZEY XY LIRET S, ZoBb, MgOo@ETE—LEEER W,
M3 (B) X, coBoOMgO (100) NUFPE21DPRHEEDA XA—Y %2 9T
H5H, A3 (B) ITRTE2IC, MgO (100) NUTE2 1 b RHZABMEE T
PHLTWALAZ R RLTWNS,

[0020]

K2 (D) ITorT &5, MgO (100) NU7PE21 Rz, FETEZ1O0nmo
Fe (100) Lif@EM G2 232kl gl T, 10nm/EEDCol@
25%Fe (100) [EpEM (E2&EM) 23 FICHTEL /2, Cof@2 51%. FEEM
23D NEROLZ Ik UCPATHALRE 2 KA 27200 b0 TH L, RNT
. P OVERRREIEZ B T L TCFe (100) /MgO (100) /Fe (100) M
TJIZTE2FRT 5.
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(002 1]

FAHEBICEAMgOZEFHIE, 10—9Tor r OEEZRETHKRIEZ T/, 2O
FHETIEH, MAIEH T AER T3 00 nmoREL2IT-2BE T, BEFIHTHY.
BRI B RSN SN ThWA 2 e %hh s, M4 13, Mg ORERICHIT 4 W EHEM
as s A7 MVOERGRZ RITH L, H41T8-T L2, ODAXRZ MLP 1 &
OoDANT MIVP 2 2ICETAHENTENFHZ &30 %, X515, Mg OzE5F o=
SHEOFHERHERFEZ R~ TH S, MBI RT LT, BESHAESI R EGS
. HMEEEE 2 HIIMmESTOEL 528, 2XlE, Mg ODHERHIIBITZMg O
B2 OBZOREZ RBIT 200 THY, MgOx (0. 9<x<1) kDI
FRABE T T LuJREM S 5, BEERIEMET S5 2 Mg O b ¥ RIVEEEE D i S MK L
L rEZON (BIAE 0.10~0.85e V., XV FEMICIF0.2~0.5e VOFIHN) . =h
Wk, hURLVERSHENTLI b0 EZZONS, B, —HBHARA L —O k> R ILFEEE
DS, Fe (100) oo hrxEEDEEE. 0. 7~2. beViExoh
L. ZHICHTL T, Mg OFfERIFIIAER s ko R IVfEEDO S S133. 6e VTHY, Fhp
flie LTH0. 9~3. 7TeVaoBEonTws, KEMOEZLL HTEE2HGS &

0. 3eVFEED LRIV EEOSIMEES . N2 rVEEOIKOUEASEEETH
LZ Wbt HL, FolhoER., A Zpiitoae—1L >y e ko 2oL H
WL T BB 5, . BENEICE S Mg O oxfie LT, 0. 98<C
x<1, KFOHELIFO0. 99<x<IFETHY., MgBEEKD LI LDITZTENT
. Mg ODEMEMEARINTITHIF S N A2HPHTH 5.

(002 2]

M6t FitoAFickvdlEL/7~Fe (100) /MgO (100) /Fe (100
) MT J#HEToMIf e i iz mdMch 5, BERE 2 O KicBWIMRE 1L
46%THY. APERE2 93 KICBWIMRIIZ8 8% Th -7z, ~Dfilt. B{EE T
WCERICBWIEHONEELVECMRIETHL, 2ok RECGMREE Fe (100
) DO A UAMERIC L > CEIAT 22213 TET. HLAH, ab—L» b RAE U H
WmhoxU > ZcllidassEzrzons, 1600MT IJETEZRMEL24HE. MRILY
o UEUE S ST 2IE0 2 1E, 20%LIATH -2, MT J oG E D L FEME
BT 0% ETHh o7z, CokdImEMELEL., A7 T —FofRFHEZREL TS
. MTJIJoidni—=U 78 (RA) 2. kQum27THY., ZofEld. MRAMIZHEL
B TH S,

(002 3]

X7 (a) I FRICBIAMRE DAL 7 2EFRENEZ RTXTH S, 7 (a)
WRT & 912, MRED AL 7 AEBEREEE 2 DR Z 2% 5, JEI Rt R
RIS, MRHNERKRTAEFE Vhal £131 250mVEWHIEFFICEWIRESNT
WhH, . IEROA 1 —ORICBUDLMRIEDFKTLEEV ha 1 £1E300~600
mVTHS, M7 (b) il MTIJDOHTTEREV, yrlE (=77 R&EHEX (Rap—
Rp) /Rap) 27, H/EEV ,q DRANEFZEAS 7 ZIBWT380m Vo
ERELNTHS, ZofElE. ALl —ORNY 7oEEoM (200mV) OF 21D T
HLH., 2ok, MRILE B JER ol TEVVESE S /e 2 k. REOTGE
WSk BEroFMERZ RL T s,

[0024)

M. FHEROIZEEIC B TIE, BCCohFe (100) ZH:7A. fAbYicBCC
DF e%E54. Mz, Fe—Cof4. Fe—Nig4e, Fe—PtEdatHnsze
LTEL, BiidFe (100) JE&MgO (100) Jge iz, 1518 XIFUET
BREDEEDCo, NiRE&EiEAL THRV,

[0025)]

Kz, ARFEIADE 2 OFEOTREIC X LRSS T RO ofliE ki ounTERIA %
179, KEBOFEEIZLALFe (100) /MgO (100) /“Fe (100) TMRZ
Tt EHETIE, ET ANy 2 Yo 7ERyickdMgO (100) 28EE2137
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Ty DREETHEIEL . TRy =— iR Ty 2 &2k (1 00) FEmmAE
ML 72ZAE R E R ERREALT AR E T 5., 2oy 2 U R MBE. AE RE
WEE (293K) THY., #¥—Fy heLTEH2A4>F ogoMgORH. A r FEFAR
T2 B Y T RiT57z, IMEEJNFZ200WTHY ., REHEIZO0O. 008 nm,/
sSTHAH, ZOFRFETHEHFLAEMESOWTTENLT » RIREETH A=, FEENMPS5300°C
EFCE/EE FHESE, 300 CICBWT ERNHERITEL TS0k, MRflkshizM
sO&HELZ RS,

[0026)]

i, OKIBOW AN FEE L TCE, REMIZOKENEL 58:TREZRZITY HiE. OK
HBE2EPOEAT L. OKEOH LIREED & | 2 13WsE 7 5 X< ALEE X3 B IAMR L7
SV EBILEIT o THAEEEDOOKRME CHET 2 HFEoWTREHGTL Ry,

(002 7]

PLE, REBOFEIC L SESEAZ AN L. ANy 2 U 7EEHGT7*E
W7 7 AM g OB MEFEL 2RI 7 = — VBRI L W R LT 5728, THITE R0 72
EEPVEIR N WO RS 5,

(002 8]

Kz, ARFEAOFFED ZRED BN & 2 B SdNhiE T Ic 2 Wi 2 B L oD 2l
2119, M1 1. AFREHORBOEREOEC L AOIMT J 0= THELZ RITH Y
LT (B ISR AXTH S, 1 LISRT K DI, AREEOIFREIC L SR IizE
T, FRACFEROIZREIC kL eI T 2 EFRC, BREMgOx (1 00) L0
(1 00) HFABMMAMEIIKN L 722X EEZM Mg O x (0<x<{1) @5 03iTxfL
THT o LEHe LT, 7ENLT v At G4, AZCoFeBE501. 505
ORISR S, TRV T » ARG S MIAFEF TR CIE ARy U
TEERAGTERBETH 5., o NRHFEE | oFHOEDG G 2 IRIFEFTH
5,

(002 9]

M. TEIINT 7 ARSI o TE, A2l FeCoB. FeCoBSi. FeCoBP., FeZr. CoZr
mERRANWLZIE L TES,

[0030]

PLE, REBOIZEEIC kA RSHEAETFIC O W TEMH L 72838, RKRIHIZZ NS ICHIR S
NLLOTIHvy, Toft, flienZHE, R, A EN0]EER 2 &Y ESFITHH
THSD., AL, Mg ORICHEXIREZEATLNDYIC, flIAIFCa®Sri K-
VIUTLZETh R NAEEOSESERBTL AP TOLRY, £/, Mg Ofgaif
MAFEL LT, ETe—LaBEEXIANy Z Y o 7FERHNI U THRIHL 72085, Fofto
HEFE DB RETH L 2 29 T Th2w, £/, SmEZe oHEEL. M2 1 3E%
WHALZWESICBWT, 721 0—6PallTofEzigL. —/f. MEL2MHEEFNICE A
TEHBETH, 10— 4P afiEBoE%2iEd.

(PE3E _EoF] Ha) gEME]

(003 1]

MR AM@E JEFESEROR 2512 EL. ¥y Mo EEMR AMIZ#E
L7zRE S 5T b,

([ o0 P . 70 2B

(003 2]

(1) RFHDOHE | OFHOFEICLLMT IE TGS (M1 (B) ) &, ifked
hef@THsLFe (100) DR AF—Ny RG22 RITHY, o [
100] AW I 2E—EpoBREZrdX (H1 (A) ) ThHoD.

(2] M2 (A) 7262 (D) £TE. ARHOEHmEOIZEEI LS Fe (100
) /MgO (100) /Fe (100) HEZzHJI Lz (LIT. TFe (
100) /MgO (100) /Fe (100) MTJ| 95, ) odlisTF% M
AMNTRIHTH L.

WD EX1006
Western Digital v IP Bridge
Page 123



(B3] 13 (A) 1, Fe (100) NipdEM (G5 1dEM) ORHEEDA X—¥
ZRIHTHY, M3 (B) 1F. ZofFEoMg0O (100) NXUFPEORHEEDA
A=V ERTHTH S,

(4] Mg ORREFRFICHBANEMMa s s A7 M oBHIGREZ <IN TH S

(5] Mg OZEEFTOMESEOEHEFRIERGTEEZ I NTH S,
(6] Fe (100) / MgO (100) /Fe (100) MT JEToUmI%z
b 2 ~IMTH S,
(7] M7 (A) & ZHiEICBT O2MREOAS 7 2ABERER 2RI TH 5.
X7 (B) 2. MTIJOHEITETEV utld (=4 72AEHEX (Rap—Rp)
Rap) 2RI TH S,
(XM8] TMRZEZTwMEY, oW E ~IHNTH 5.
(9] MRAM@OEAFEMZ RIHTHY, M9 (A) IMRAMDEHMTH
D, X9 (B) EHERXFZEFEFERETH Y, X9 (C) &, WiEflZ 3 kmc
H5,
(F10)] FEIAL 77 AA 1 —0% N2 RAFEREL LU 2E R TMRZ T oRAET
DOHIINEEIZ X 2L RTATH 5,
(1 1) AKFREHOFEFEDONZEEDZEIAANT L AMT J oETHEZ ~IITH Y.
1 (B) gyt d 5HTH 5,
(715 o kA )
(003 3]
1-#1dDFe (100) 8. 3--BfHEMgO, (100) HL5WE (1 00) FiqH
[HAMEE L 722 EMeg O 8 (0<x<{1) ., 5 2dmFe (100) 8. 11
CHFREMg O, (100) H50E (1 00) MBAIAEIAH L 72ZMEM g O 4
M (0<x<<1), 15-Mg0O (100) ¥—KJg, 1 7--ZE¥xFL % )LFe (10
0) TEBdEM (GBE1dEM) . 21 -MgOoOnNU7E (100) ., 232X XT 3 )LF
e (100) [EpEM (F2@&EM) . 503 - BHEMgO, (001) HAHWE (00
1) AHEREAMEREN L Z224Mg O X/ (0<x<{1) . 50 1 --F7EINT ¥ ARk
MEARIC k5 TEbEM: B 1EM) . 503--MgOXNY 7@, 505 7EILT v Ak
MEARIZ & % EEREEM: (58 2 EEh) .
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(x12]
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1
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—~—15
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F~——25 CoB(10nm)

4~— 23 Fe(100) L I ELE
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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.USPLo.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
13/400,340 02/20/2012 Shinji Yuasa NAGI-0004 1060
38327 7590 03/30/2012 | |
EXAMINER
Juan Carlos A. Marquez
c/o Stites & Harbison PLLC CHAMBLISS, ALONZO
1199 North Fairfax Street
. | ART UNIT | PAPER NUMBER |
Suite 900
Alexandria, VA 22314-1437 2897
| NOTIFICATION DATE | DELIVERY MODE |
03/30/2012 ELECTRONIC

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.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

iplaw @stites.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
13/400,340 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 imely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s) filed on 14 March 2012.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.
4)[] 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

5)X Claim(s) 1 and 2is/are pending in the application.

ba) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) is/are allowed.
7)X Claim(s) 1 and 2 is/are rejected.
8)[ Claim(s) ____is/are objected to.
9)[] Claim(s) ____are subject to restriction and/or election requirement.

Application Papers

10)[]] The specification is objected to by the Examiner.
11)[X] The drawing(s) filed on 20 February 2012 is/are: a)[X] 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).
12)[] 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

13)[X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)XI Al b)[]Some * ¢)[] None of:
1.[] Certified copies of the priority documents have been received.
2..X Certified copies of the priority documents have been received in Application No. 10/591,947.
3.0 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) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date 2/20/12. 6) D Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20120326
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Application/Control Number: 13/400,340 Page 2
Art Unit: 2892

DETAILED ACTION
Information Disclosure Statement
1. The information disclosure statement (IDS) submitted on 2/20/12 was filed before
the mailing date of the non-final rejection on 3/26/12. The submission is in compliance
with the provisions of 37 CFR 1.97. Accordingly, the information disclosure statement is

being considered by the examiner.

Priority
2. Acknowledgment is made of applicant's claim for foreign priority under 35
U.S.C. 119(a)-(d). The certified copy has been filed in parent Application No.

10/591,947, filed on 3/10/05.

Drawings

3. The formal drawings filed on 2/20/12 are approved by the examiner.

Claim Rejections - 35 USC § 103
4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.
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Application/Control Number: 13/400,340 Page 3
Art Unit: 2892

5. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148
USPQ 459 (1966), that are applied for establishing a background for determining
obviousness under 35 U.S.C. 103(a) are summarized as follows:

Determining the scope and contents of the prior art.

Ascertaining the differences between the prior art and the claims at issue.
Resolving the level of ordinary skill in the pertinent art.

Considering objective evidence present in the application indicating
obviousness or nonobviousness.

Ponp=

6. Claims 1 and 2 rejected under 35 U.S.C. 103(a) as being unpatentable over

Parkin (US 2008/0062581) in view of Nashimoto (US 5,514,484).

With respect to Claims 1 and 2, Parkin discloses a substrate 111 and a first
amorphous ferromagnetic material layer 115 made of CoFeB alloy of a BCC structure
on a substrate 111. An amorphous second ferromagnetic material layer 175 comprising
a CoFeB alloy. A tunnel barrier layer 120" made of MgO located between the first and
second ferromagnetic material layers 115,175, wherein the tunnel barrier layer
comprising a poly-crystalline MgO layer in which (100) crystal plane is substantially
oriented. Parkin discloses less oxygen between the tunnel barrier layer and the upper
ferromagnetic layer (see abstract, paragraphs 41,42, 45, and 71 ; Figs. 3 and 11).
Parkin fails to explicitly recite a barrier layer which is a (001) crystal plane oriented.
However, Nashimoto discloses that it is well known in the semiconductor industry that a
MgO barrier layer can have a (100) or (001) crystal plane as evident by Nashimoto see
col. 6 lines 25-40 and col. 8 lines 1-15). Thus, Parkin and Nashimoto have substantially
the same environment of a MgO layer formed on a substrate. Therefore, one skilled in

the art at the time of invention would readily recognize the MgO barrier layer of Parkin
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Application/Control Number: 13/400,340 Page 4
Art Unit: 2892

can have a (001) structure, since the (001) structure is well known in the semiconductor
industry to substitute a (001) structure for a (100) structure in the MgO layer as evident

by Nashimoto.

The prior art made of record and not relied upon is cited primarily to show the

product or process of the instant invention.

Conclusion
7. 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.
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Application/Control Number: 13/400,340 Page 5
Art Unit: 2892

AC/March 26, 2012 /Alonzo Chambliss/

Primary Examiner, Art Unit 2892
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 13400340 YUASA, SHINJI
H“m““ ‘ ‘ “H““ H‘ ‘ “HW o o
ALONZO CHAMBLISS 2892
SEARCHED
Class Subclass Date Examiner
SEARCH NOTES
Search Notes Date Examiner
Reviewed parent case for prior art 3/25/12 AC
INTERFERENCE SEARCH
Class Subclass Date Examiner

U.S. Patent and Trademark Office

Part of Paper No. : 20120326
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Index of Claims 13400340 YUASA, SHINJI
Examiner Art Unit
ALONZO CHAMBLISS 2892
v Rejected - Cancelled N | Non-Elected A Appeal
= Allowed * Restricted | | Interference 0] Objected
[ Claims renumbered in the same order as presented by applicant O cpA O T.D. O R.1.47
CLAIM DATE
Final Original |03/26/2012
1 v
2 v
U.S. Patent and Trademark Office Part of Paper No. : 20120326
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIO\TER FOR PATENTS

Aléxa:?;m Virginia 22313-1450

WWW.USPLO.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/400,340 02/20/2012 Shinji Yuasa NAGI-0004

CONFIRMATION NO. 1060

38327 PUBLICATION NOTICE

Juan Carlos A. Marquez

c/o Stites & Harbison PLLC LR e

1199 North Fairfax Street 0000000550993

Suite 900

Alexandria, VA 22314-1437

Title:MAGNETIC TUNNEL JUNCTION DEVICE

Publication No.US-2012-0161262-A1
Publication Date:06/28/2012

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 USPTO'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.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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For: MAGNETIC TUNNEI::IUNCT!ON DEVICE

In re U.S. Patent Application of )

)
YUASA )

) Art Unit 2892
Application Number: 13/400,340 )

) Examiner:
Filed: February 20, 2012 ) Alonzo Chambliss

)

)

)

)

ATTORNEY DOCKET NO. NAGI-0004

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE AND AMENDMENT UNDER 37 C.F.R. § 1.111
Sir:
This is in response to the Office Action mailed on March 30, 2012, the period of

response to which is set to expire on June 30, 2012. Please amend the above-referenced

application as follows:
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IN THE CLAIMS
Claims 1-4 are pending in this application, wherein claims 1 and 2 are being amended

to improve form, and wherein claims 3 and 4 are being newly added, as follows:

1. (Currently Amended) A magnetoresistive device having a tunnel barrier junction
structure, the magnetoresistive device comprising:

a first ferromagnetic material layer heving-a-BCC-strueture~deposited on a

substrate;

a second ferromagnetic material layer-having-a-BCC-strasture; and

a tunnel barrier layer located between the first and second ferromagnetic
material layers, and

wherein said tunnel barrier layer comprises a single-crystalline magnesium
oxide in which (001) crystal plane is preferentially oriented or a poly-crystalline

magnesium oxide in which (001) crystal plane is preferentially oriented, and

wherein_at least said first ferromagnetic matenal layer is crystallized and

comprises CoFeB alloy.

2. (Currently Amended) The magnetoresistive device according to claim 1, wherein said

second ferromagnetic material layer is also crystallized and comprises CoFeB alloy.

3. (New) A magnetoresistive device having a tunnel barrier junction structure, the

magnetoresistive device comprising:

a first ferromagnetic material layer deposited on a substrate;

a second ferromagnetic material layer; and

a tunnel barrier layer located between the first and second ferromagnetic
material layers, and

wherein said tunnel barrier layer comprises a single-crystalline magnesium
oxide in which (001) crystal plane is preferentially oriented or a poly-crystalline
magnesium oxide in which (001) crystal plane is preferentially oriented, and

wherein at least said first ferromagnetic material layer is entirely crystallized

and comprises CoFeB alloy.
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(New) The magnetoresistive device according to claim 1, wherein said second

ferromagnetic material layer is also entirely crystallized and comprises CoFeB alloy.

3.
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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 responsé to the Office Action dated
March 30, 2012 (U.S. Patent Office Paper No. 20120326). In view of the above amendments
and the following remarks, 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 1-4 stand for consideration in this application, wherein

claims 1 and 2 are being amended to improve form, and wherein claims 3 and 4 are being

newly added.

All amendments to the application are fully supported therein. For example, the
amendments to the claims are supported by paragraph [0052] of the present application as
originally filed. Applicants hereby submit that no new matter is being introduced into the

application through the submission of this response.

Prior Art Rejections

The Examiner rejected claims 1 and 2 under 35 U.S.C. §103(a) as being unpatentable
over Parkin (U.S. Patent Application Pub. No. 2008/0062581) in view of Nashimoto (Us.
Patent No. 5,514,484). Applicants have reviewed the above-noted rejections, and hereby
respectfully traverse.

A proper obviousness rejection that relies on a combination of prior art elements
requires establishing that the prior art references, when combined, teach or suggest all of the
claim limitations. MPEP §2143. Furthermore, “[a]ll words in a claim must be considered in
judging the patentability of that claim against the prior art.” In re Wilson, 424 F.2d 1382,
1385 (C.C.P.A. 1970). That is, to render a claim obvious under 35 U.S.C. §103, a
determination must be made that the claimed invention “as-a whole” would have been
obvious to a person of ordinary skill in the art when the invention was unknown and just
before it was made. MPEP §2142.

As outlined above, claims 1-4 remain of record. Accordingly, Applicants respectfully
submit that Parkin, either alone or in combination with Nashimoto, fails to teach, suggest, or
disclose each and every limitation of claims 1-4. For example, neither Parkin nor Nashimoto

teaches or suggests that “at least said first ferromagnetic material layer is crystallized and

R
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comprises CoFeB alloy” as required by independent claim 1. On page 3 of the Office
Action, the Examiner states that Parkin discloses “a first amorphous ferromagnetic material
layer 115 made of CoFeB alloy.” Applicants respectfully disagree.

In particular, Applicants note that while Parkin describes that “[e]ach of the first and
second magnetic layers may include an alloy of Co and Fe” (para. [0012]), simply disclosing
an alloy of cobalt (Co) and iron (Fe) is not sufficient to disclose an alloy of cobalt, iron, and
boron (B). In this regard, with respect to the ferromagnetic bilayer 115 cited by the Examiner
as corresponding to the first ferromagnetic material layer required by claim 1, Parkin, in
contrast to claim 1, describes that “[t}he layer 115 is preferably formed from a bee alloy
formed from one or more of Co and Fe. For example, layer 118 may be formed from Fe or
CogsFe 6 and layer 119 may be formed from CozFes.” (Para. [0042]). Parkin also further
describes, with reference to forming the magnetic tunnel junction illustrated in Figure 3, that
“a ferromagnetic layer 115 of 25 A CosoFes is deposited.” (Para. [0053]). An alloy of cobalt
and iron, as described in Parkin, is clearly not an alloy of cobalt, iron, and boron, as required
by claim 1.

Moreover, while Parkin describes that the ferromagnetic layer 175 illustrated in
Figure 3, which is cited by the Examiner as corresponding to the second ferromagnetic
material layer that is required by claim 1, is “comprised of a Co—Fe—B alloy, specifically,
(CoroFes0)s0B20,” Parkin further describes that “[1]Jayer 175 is nominally amorphous in nature.
The addition of a sufficient quantity of B to CoFe causes the alloy to become
amorphous.” (Para. [0055]) (emphasis added). That is, even were Parkin to describe the
layer 115 cited by the Examiner as corresponding toAthe first ferromagnetic material layer
required by claim 1 as being comprising CoFeB alloy, Parking states that such an addition of
boron to the cobalt and iron alloy that Parkin describes the layer 115 as comprising would
cause the layer 115 to become amorphous. In contrast to an amorphous CoFeB alloy,
however, claim 1 requires that the first ferromagnetic material layer be crystallized.

Accordingly, it is clear that Parkin fails to teach or suggest that “at least said first
ferromagnetic material layer is crystallized and comprises CoFeB alloy” as required by claim
1. Furthermore, Nashimoto fails to include any mention or suggestion of this required
limitation of claim 1. For this reason alone, claim 1 is patentable over the cited references.

For at least these reasons, Applicants respectfully submit that Parkin, either alone or
in combination with Nashimoto, fails to teach, disclose, or suggest each and every limitation

of claim 1 and, therefore, that claim 1 is now in condition for allowance. For at least similar

-5-
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reasons to those discussed above with reference to claim 1, Applicants respectfully submit
that Parkin, either alone or in combination with Nashimoto, also fails to teach, disclose, or
suggest the similar limitation required by independent claim 3 that “at least said first
ferromagnetic material layer is entirely crystallized and comprises CoFeB alloy” and,
therefore, that claim 3 is also now in condition for allowance.

Where an independent claim is nonobvious under 35 U.S.C. §103, then any claim
depending therefrom is nonobvious. In re Fine, 5 U.P.8.Q.2d 1596, 1598 (Fed. Cir. 1988).
Because claims 2 and 4 depend either directly or indirectly from claims 1 and 3 respectively,
Applicants respectfully submit that Parkin, either alone or in combination with Nashimoto,
does not render obvious claims 2 and 4 for at least the reasons set forth above that it does not
render obvious claims 1 and 3 respectively and, therefore that claims 2 and 4 are also now in
condition for allowance.

Therefore, Applicants respectfully submit that the present invention as claimed is

distinguishable and thereby allowable over the prior art of record.

Conclusion

In view of all the above, Applicants respectfully submit that certain clear and distinct
differences as discussed exist between the present invention as now claimed and the prior art
references upon which the rejections in the Office Action rely. These differences are more
than sufficient to establish that the present invention as now claimed would not have been
anticipated nor rendered obvious given the prior art. Rather, the present invention as a whole

is distinguishable, and thereby allowable over the prior art.
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Favorable reconsideration 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 phone number indicated
below.

Respectfully submitted,

Nicholas B. Trenkle
Registration Number 54,500

uan Carlos A./Marquez
Registration Number 34,072

STITES & HARBISON PLLC
1199 North Fairfax Street

Suite 900

Alexandna, VA 22314-1437
(703) 739-4900 Voice

(703) 739-9577 Fax

Customer No. 38327

July 2, 2012
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

& TRAD o
€ U.S. Patent Application of ) .
' )
YUASA ) . Art Group 2897
)
Application Number: 13/400,340 ) Examiner
) Alonzo Chambliss
Filed: February 20,2012 )
)
For: MAGNETIC TUNNEL JUNCTION DEVICE )
)
Attorney Docket No. NAGI-0004 )
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:
TOTAL WITH TOTAL CLAIMS RATE CALCULATION
FOR NEW CLAIMS | CURRENTLY ON ALREADY
ADDED FILE PAID
Total Claims 4 2 x $60 0
(Over 20)
Independent 1 1 x $250 0
Claims . (Over 3)
MULTIPLE +$450 ‘ 0
DEPENDENT
CLAIM(S)
REDUCTION FOR FILING BY SMALL ENTITY (note 37 C.F.R. §§ 1.9,1.27, 1.28). x %
TOTAL $0

In addition, the below-identified communications are submitted in the above-captioned application or proceeding:

[ x ] Response and Amendment to Office Action
(with claim amendments)

[ ] Substitute Abstract
[ ] Terminal Disclaimer

ODMAPCDOCS\ALEXANDRIAV252628\

[ ] Information Disclosure Statement
[ ] __ sheets of replacement drawings
[ ] RCE
[ ] Other
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[ 1 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:
[ Jone (1) month [ ]two (2) months [ ]three (3) months

The fee set in 37 C.F.R. § 1.17 for the extension of time is § for a large/small entity.
[ ] Creditcard information for $ to cover the fee associated with this filing is enclosed.
[ ] Please charge my Deposit Account Number in the amount of to cover the fees for

[x] The Commissioner is hereby authorized to ’charge any additional fees associated with this communication,
including fees under 37 C.FR. § 1.16 and 1.17, or credit any overpayment to Deposit Account Number
12-0555.

Respectfully submitted,

%//———f—ﬁ
fian Carlo
Regxstratlon

STITES & HARBISON PLLC
1199 North Fairfax Street, Suite 900
Alexandria, VA 22314

Telephone: (703) 739-4900
Facsimile: (703) 739-9577
Customer No. 38327

July 2, 2012
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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 13/400,340 02/20/2012 | [ 7o be Mailed
APPLICATION AS FILED — PART | OTHER THAN
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If the specification and drawings exceed 100
0O sheets of paper, the application size fee due
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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
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IN THE UNITED STATES D TRADEMARK OFFICE

In re U.S. Patent Application of Confirmation No. 1060
YUASA

Group Art Unit 2897
Application Number: 13/400,340

Filed: February 20, 2012 Alonzo Chambliss

)
)
)
)
)
) Examiner:
)
)
For: MAGNETIC TUNNEL JUNCTION DEVICE )
)
)

Attorney Docket No. NAGI-0004

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
(x) Credit card Form PT0O-2038 in the amount of $180.00

- [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,

GPELF 7=

: : nCarlos-A-—Nfarquéz
STITES & HARBISON PLLC egistration Number 34,072

1199 North Fairfax Street, Suite 900
Alexandria, Virginia 22314

(703) 739-4900

Customer No.: 38327

July 23, 2012
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D TRADEMARK OFFICE

In re U.S. Patent Application of Confirmation No. 1060

YUASA
Group Art Unit 2897
Application Number: 13/400,340

)
)
)
)
)
) Examiner:
Filed: February 20, 2012 ) Alonzo Chambliss
)
For: MAGNETIC TUNNEL JUNCTION DEVICE )
)
Attorney Docket No. NAGI-0004 )

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 being submitted
in connection with 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 the accompanying Form PTO-
1449. Any other documents or information submitted for consideration by the Examiner are listed in this
paper. A copy of each non-US or foreign patent or non-patent publication or any portion thereof listed or
herein identified is submitted herewith.

CERTIFICATION

1. This Information Disclosure Statement is being submitted:

[] (a) Concurrently with the U.S. application or not more that three months from the filing
date of the above-identified U.S. patent application, whereby it is believed that no fee is
due; OR

[1 (b) Within three months of the filing date of the above-identified U.S. patent application
and before the mailing date of the first Office Action on the merits of the above-identified
application, whereby it is believed that no fee is due; OR

[x] (¢) After three months from the filing date of the above-identified U.S. patent application
and after thé mailing date of the first Office Action on the merits of the above-identified

‘ application, but prior to the issuance of any Final Action or Notice of Allowance sent in
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such application, whereby Applicant(s) hereby submit the requisite certification
hereinbelow, or authorization for the payment of the requisite fee is attached; OR

[ ] (d) After the issuance of a Final Action or Notice of Allowance, but before the payment
of the Issue Fee, whereby Applicant(;) hereby submit the requisite certification

hereinbelow, and the attached authorization for the payment of the requisite fee.

2. In accordance with the requirements of 37 C.F.R. §1.97, and Parts 1(c) or 1(d) above,

Applicant(s) hereby certify that:

[1 Each item of information contained in this Information Disclosure Statement was first
cited in any communication from a foreign patent office in a counterpart foreign
application not more than three months prior to the filing of this Information Disclosure
Statement; OR

[1 No item of information contained in this Information Disclosure Statement was cited in a
communication from a foreign patent office in a counterpart foreign application, and, to
the knowledge of the person signing the certification after making reasonable inquiry, no
item of information contained in the information disclosure statement was known to any
individual designated in §1.56(c) more than three months prior to the filing of this
Information Disclosure Statement.

Please charge any additional fees or credit any overpayments in connection with the submission
of this Information Disclosure Statement to Déposit Account No 12-0555.
‘The Examiner is requested to acknowledge receipt and consideration of the information provided

in this paper in accordance with prescribed procedures.

Respectfully submitted,

STITES & HARBISON PLL.C
1199 North Fairfax Street

Suite 900

Alexandria, VA 22314-1437

(703) 739-4900 Voice

(703) 739-9577 Fax ;
Customer No. 38327

July 23, 2012
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INFORMATION DISCLOSUR = Fit"lniDa:fe February 2% fi?; i
irst Inventor
STATEMENT BY APPLICANT ArtUnit 857
- Examiner Alonzo Chambliss
Sheet 1 of 5 Docket # NAGI-0004
U.S. PATENT DOCUMENTS
Exam. Document No. Publ. Date Name Relevance
Initial* Number — Kind Code MM-DD-YYYY Patentee or Applicant Passages/Figs.
2008/0055793 ® 03-06-2008 | Djayaprawira et al.
2002/0080641 A1’ 06-27-2002 | Asao et al.
2002/0064595 A1 ° { 05-30-2002 Nomura et al.
2003/0128483 A1 07-10-2003 | Kamijo
2004/0082201 A1° 04-29-2004 | Sharma et al.
2004/0136232 A1* 07-15-2004 Hosomi et al.
2004/0139914 A1 07-22-2004 | Yamazaki et al.
2004/0234818 A1 11-25-2004 | Tanahashi et al.
2004/0257719 A1 12-23-2004 Ohba et al.
2005/0110004 A1 05-26-2005 | Parkin et al.
2006/0012926 A1 01-19-2006 Parkin
2006/0125034 A1 06-15-2006 | Ohba et al.
2006/00261425 A1 11-23-2006 Suemitsu et al.
2008-0055793 03-26-2008 Djayaprawira et al.
2008-0124454 A1 05-29-2008 Djayaprawira et al.
2008/0180862 A1 07-31-2008 Djayaprawira et al.
2008/0182342 A1 07-31-2008 Parkin
2008/0212243 A1 09-04-2008 | Zhao et al.
2008/0253039 A1 10-16-2008 | Nagamine et al.
2009/0128167 A1 05-21-2009 Hamada et al.
5,506,063 A 04-09-1996 Kamijo et al.
5,817,366 A 10-06-1998 Arai et al.
5,945,694 A 08-31-1999 Reyes et al.
6,181,537 B1 01-30-2001 Gill
6,201,672 B1 03-13-2001 Pinarbasi
6,252,750 B1 06-26-2001 Gill
6,275,362 B1 08-14-2001 Pinarbasi
6,828,260 B2 12-07-2004 Sharma et al.
6,831,312 B2 12-14-2004 | Slaughter et al.
6,839,206 B2 01-04-2005 | Saito et al.
6,927,952 B2 08-09-2005 Shimizu et al.
6,999,287 B2 02-14-2006 Hayashi et al.
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7,220,498 B2 05-22-2007 Nagahama et al.
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Initial* Number - Kind Code MM-DD-YYYY Patentee or Applicant Passages/Figs.
7,252,852 B1 08-07-2007 | Parkin
7,262,064 B2 08-28-2007 | Ohba et al.
7,270,896 B2 ' 09-18-2007 | Parkin
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JP 2003-86863 A 03-20-2003 Ind. & Technol; Japan Abstract
Science & Tech Corp.
JP 2004-063592 A 02-26-2004 Sony Corp. Abstract
JP 2004-128015 A 04-22-2004 Sony Corp. :
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JP 2004-153258 A 05-27-2004 Development Co. Abstract
KR 2002-0042448A 06-05-2002 Anelva Corp. Abstract
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WO 01/056090 A1 08-02-2001 Takahashi Abstract
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ARAK] et al., “Fabrlcatuon and Electric Properties of Lapped Type of TMR
Heads for 50 Gb/In®and Beyond,” IEEE Transactions on Magnetics, Vol. Yes
38, No. 1, pp. 72-77, January 2002.

David D. DJAYAPRAWIRA et al., “230% Room-Temperature
Magnetoresistance in CoFeB/MgO/CoFeB, Magnetic Tunnel Junctions,” Yes
IEICE Technical Report, Vol. 104, No. 713, March 4, 2005

David D. DJAYAPRAWIRA et al., “Novel Sputtering Technology of Magnetic
Tunnel Junctions for MRAM Application,” Papers 01 the 66" Symposium on
Semiconductors and Integrated Circuits Technology, Vol. 66, pp. 58-61,
2004

Yes

H. DOMON et al., “Effect of Ge Addition on Postannealed CoCrGePt Thin
Film Media,” Journal of Applied Physics, Vol. 91, No. 10, pp, 8632-8634, Yes
May 15, 2002. :

H. DOMON et al. “Reduction of Magnetic Interaction in CoB/Pd Multilayer
Perpendicular Media Using a Phase-Separated Pd-SiO Underlayer,” Journal Yes
of Applied Physics, Vol. 93, No. 10, pp. 8164-8166, May 15, 2003.

Extended European Search Report, issued from European Patent Office, of

- European Apphcatlon No. 08159511.8, dated June 5, 2009. Yes

T. KAKUTA et al., “ Novel PVD Tool for Magnetoresistive Random Access
Memory (MRAM) Mass Production,” Anelva Technical Report, Vol. 10, pp, Abstract
27-33, January 25, 2004.

A. KOBAYASHI et al., “TMR Devices Fabricated with RIE Etching Using Co+
NH3” Journal of the Magnetics Society of Japan, Vol. 28 No. 2, February 1, Abstract

2004.
J.S. MOODERA et al., “L.arge Magnetoresistance at Room Temperature in
Ferromagnetic Thin Film Tunnel Junctions,” Physical Review Letters, Vol. Yes

74, No. 16, pp. 3273-3276, April 17, 1995.

J.8. MOODERA, “Interface Magnetism and Spin Wave Scattering in
Ferromagnet-Insulator-Ferromagnet Tunnel Junctions,” Physical Review Yes
Letters, Vol. 80, No. 13, pp. 2941-2944, March 30, 1998.

J. MURAI et al., “Direct Observation of Magnon Excitation in a
Ferromagnetic Tunnel Junction Using Inelastic-Electron-Tunneling

Spectroscopy,” Japanese Journal of Applied Physics, Vol. 38, pp. L1106- Yes
L1108, October 1, 1999.
K. NAGASAKA et al., “CPP Operational Mode of GMR Head,” Fujitsu Sci. Yes

Tech. J., Vol. 37, No. 2, pp. 192-200, December 2001.
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Stuart S.P. PARKIN et al.” Giant Tunnelling Magnetoresistance At Room
Temperature with MgO (100) Tunnel Barriers,” Nature Materials, Vol, 3, pp. Yes
862-867, December 2004.
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Recording,” IEEE Transactions on Magnetics, Vol. 38, No. 5, pp. 2277-2282, Yes
September 2002.

A. TANAKA et al., “Spin-Valve Heads in the Current-Perpendicular-to-Plane

Mode for Ultrahigh-Density Recording,” IEEE Transactions on Magnetics, Yes

Vol. 38, No. 1, January 2002.

K. TSUNEKAWA et al., “Surface Treatment Techniques in Fabrication of
GMR and TMR Films, “Journal of the Magnetics Society of Japan, Vol. 28, Yes
No. 11, pp. 1074-1080, November 1, 2004.

D. WANG et al., “70% TMR at Room Temperature for SDT Sandwich
Junctions With CoFeB as Free and Reference Layers,” IEEE Transactions Yes
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Melting-Point WCr Seedlayer in Longitudinal Media: Media Noise Reduction- | Abstract
in High H*™" Media, Vol. 25, No. 4-2, pp. 627-630 (2001).

YU et al., “Electron Transport Properties in Magnetic Tunnel Junctions with
Epitaxial NiFe (111) Ferromagnetic Bottom Electrodes,” Applied Physics Yes
Letters, Vol. 82, No. 26, pp. 4735-4737, June 30, 2003.

S. YUASA et al. “Magnetic Tunnel Junctions With Single-Crystal Electrodes:
A Crystal Anisotropy of Tunnel Magneto-Resistance,” Europhysics Letters, Yes
Vol. 52, No. 3, pp. 344-350 November 1, 2000. .
S. YUASA et al., “Giant Room-Temperature Magnetoresistance in Single-
Crystal Fe/MgO/Fe Magnetic Tunnel Junctions,” Nature Materials Vol. 3, pp. Yes
868-871, October 31, 2004
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S. Zhang et al. “Quenching of Magnetoresistance by Hot Electrons in
Magnetic Tunnel Junctions,” Physical Review Letters, Vol. 79, No. 19, pp. " Yes
3744-3747, November 10, 1997.

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.

3 Corresponds to US 2004-0144995, (the U.S. Pat. of '995 was previously filed in an Information Disclosure
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Corresponds to US 2006-0003185 listed above

Corresponds to JP 2006-080116 and US 2006-0056115, which were filed in an Information Disclosure
Statement on February 20, 2012

® Corresponds to JP 2002-270790 listed above

° Corresponds to US 2006-0056115 (previously filed in Information Disclosure Statement on February 20, 2012) and

. EP 1633007 listed above
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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’.USP'.O.gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
09/11/2012

38327 7590
Juan Carlos A. Marquez
c/o Stites & Harbison PLLC
1199 North Fairfax Street | ART UNIT
Suite 900 2897

Alexandria, VA 22314-1437

CHAMBLISS, ALONZO

PAPER NUMBER |

DATE MAILED: 09/11/2012

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

13/400,340 02/20/2012
TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE

Shinji Yuasa NAGI-0004 1060

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1740 $300 $0 $2040 12/11/2012
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
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown
above.

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required)
and twice the amount of the ISSUE FEE shown above, or

If the SMALL ENTITY is shown as NO:
A. Pay TOTAL FEE(S) DUE shown above, or

B. If applicant claimed SMALL ENTITY status before, or is now
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
Transmittal and pay the PUBLICATION FEE (if 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. 02/11)
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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
indicated 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 09/11/2012
Juan Carlos A. Marquez L hereh _— Ce;.tifi:cat(e ;)t:r Mailing (‘ir_ Tgapsm(jissior! A with the United
. . ereby certify that this Fee(s) Transmittal 1s being deposited wi e Unites
¢/o Stites & Harbison PLLC States Postal Service with sufficient postage for first class mail in an envelope
1199 North Fairfax Street addressed to the Mail Stop ISSUE FEE address above, or being facsimile
Suite 900 transmitted to the USPTO (571) 273-2885, on the date indicated below.
Alexandria, VA 22314-1437 (Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/400,340 02/20/2012 Shinji Yuasa NAGI-0004 1060
TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE
I APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1740 $300 $0 $2040 12/11/2012
[ EXAMINER | ART UNIT [ crasssuscrass |
CHAMBLISS, ALONZO 2897 257-295000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CER 1.363). (1) the names of up to 3 registered patent attorneys 1
[ Change of corre;%)ndence 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 to the CEief In%ormalion 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. 02/11) Approved for use through 08/31/2013. 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’.USP'.O.gOV

I APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
13/400,340 02/20/2012 Shinji Yuasa NAGI-0004 1060
| EXAMINER |
38327 7590 09/11/2012
Juan Carlos A. Marquez CHAMBLISS, ALONZO
c/o Stites & Harbison PLLC
1199 North Fairfax Street | ART UNIT PAPER NUMBER |
Suite 900 2897

Alexandria, VA 22314-1437
DATE MAILED: 09/11/2012

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 0 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 0 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 (571)-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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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom
of Information Act (§ U.S.C. 552) and the Privacy Act (§ U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

. A record from this system of records may be disclosed, as a routine use, in the course of presenting

evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel
in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency

having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

. A record related to an International Application filed under the Patent Cooperation Treaty in this

system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 U.S.C. 218(c)).

. A record from this system of records may be disclosed, as a routine use, to the Administrator,

General Services, or his/her designee, during an inspection of records conducted by GSA as part of
that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance
with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandoned or in
which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Application No. Applicant(s)

} . 13/400,340 YUASA, SHINJI
Notice of Allowablllty Examiner Art Unit
ALONZO CHAMBLISS 2897

-- 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 7/23/12.

2. [J An election was made by the applicant in response to a restriction requirement set forth during the interview on
the restriction requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-4.

4. ] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a) Al b)[J Some* c)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. X Certified copies of the priotity documents have been received in Application No. 10/5691,947 .
3. [ Copies of the cettified 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 result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [] 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.
6. [ ] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ 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 nhumber (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).

7. J 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. [J 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. X Information Disclosure Statements (PTO/SB/08), 7. [X] Examiner's Amendment/Comment

Paper No./Mail Date 7/23/12
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [J Examiner's Statement of Reasons for Allowance

of Biological Material

9. [J Other .

U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20120905
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Application/Control Number: 13/400,340 Page 2
Art Unit: 2897

DETAILED ACTION
Information Disclosure Statement
1. The information disclosure statement (IDS) submitted on 7/23/12 was filed before
the mailing date of the notice of allowance on 9/5/12. The submission is in compliance
with the provisions of 37 CFR 1.97. Accordingly, the information disclosure statement is

being considered by the examiner.

EXAMINER'S AMENDMENT

3. An examiner's amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.

Authorization for this examiner’'s amendment was given in a telephone interview
with Nicholas B. Trenkle on September 5, 2012.
CLAIMS:

In claim 4, line 1 delete “1 " insert -- 3 --.

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: 13/400,340 Page 3
Art Unit: 2897

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Fernando L. Toledo can be reached on (571) 272-1867. 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-kect.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 5, 2012 /Alonzo Chambliss/

Primary Examiner, Art Unit 2897
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 13400340 YUASA, SHINJI
Examiner Art Unit
ALONZO CHAMBLISS 2892
SEARCHED
Class Subclass Date Examiner
SEARCH NOTES
Search Notes Date Examiner
Reviewed parent case for prior art 3/25/12 AC
East text search only - see attached printout 9/5/12 AC
INTERFERENCE SEARCH
Class Subclass Date Examiner
257 4,295, 421,427 9/5/12 AC
365 171 9/5/12 AC
438 3 9/5/12 AC

U.S. Patent and Trademark Office

Part of Paper No. : 20120905

WD EX1006

Western Digital v IP Bridge

Page 178



Receipt date: 07/23/2012 13400340 - GAU: 2897

Customized PTO/SB/08a+b (07-09)

Substitute for Form 1449/PTO %E, j;’eypplication # 13/400,340
Oemark pFZ0Nfirmation # 1060
INFORMATION DISCLOSUR _ Fiing Date February 20, 2012
irst Inventor
STATEMENT BY APPLICANT At Unit — 5897
- Examiner Alonzo Chambliss
Sheet 1 of 5 Docket # NAGI-0004
U.S. PATENT DOCUMENTS
Exam. Document No. Publ. Date Name Relevance
Initial* Number - Kind Code MM-DD-YYYY Patentee or Applicant Passages/Figs.
2008/0055793 8 03-06-2008 Djayaprawira et al.
2002/0080641 A1 ° 06-27-2002 | Asao et al.
2002/0064595 A1 ° | 05-30-2002 Nomura et al.
2003/0128483 A1 07-10-2003 | Kamijo
2004/0082201 A1° 04-29-2004 | Sharma et al.
2004/0136232 A1 * 07-15-2004 | Hosomi et al.
2004/0139914 A1 07-22-2004 | Yamazaki et al.
2004/0234818 A1 11-25-2004 Tanahashi et al.
2004/0257719 A1 12-23-2004 | Ohba et al.
2005/0110004 A1 05-26-2005 | Parkin et al.
2006/0012926 A1 01-19-2006 | Parkin
2006/0125034 A1 06-15-2006 | Ohba et al.
2006/00261425 A1 11-23-2006 Suemitsu et al.
2008-0055793 03-26-2008 | Djayaprawira et al.
2008-0124454 A1 05-29-2008 | Djayaprawira et al.
2008/0180862 A1 07-31-2008 | Djayaprawira et al.
2008/0182342 A1 07-31-2008 | Parkin
2008/0212243 A1 09-04-2008 | Zhao et al.
2008/0253039 A1 10-16-2008 | Nagamine et al.
2009/0128167 A1 05-21-2009 | Hamada et al.
5,506,063 A 04-09-1996 | Kamijo et al.
5,817,366 A 10-06-1998 Arai et al.
5,945,694 A 08-31-1999 | Reyes et al.
6,181,537 B1 01-30-2001 Gill
6,201,672 B1 03-13-2001 Pinarbasi
6,252,750 B1 06-26-2001 Gill
6,275,362 B1 08-14-2001 Pinarbasi
6,828,260 B2 12-07-2004 | Sharma et al.
6,831,312 B2 12-14-2004 | Slaughter et al.
6,839,206 B2 01-04-2005 | Saito et al.
6,927,952 B2 08-09-2005 Shimizu et al.
6,999,287 B2 02-14-2006 Hayashi et al.
7,149,105 B2 12-12-2006 | Brown .
7,220,498 B2 05-22-2007 Nagahama et al.

ALL BEFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /AC/
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Receipt date: 07/23/2012

13400340 - GAU: 2897

Customized PTO/SB/08a+b (07-09)

[ Sheet20f5 | US Patent Application No. 13/400,340 | Docket No.. NAGI-0004 |
U.S. PATENT DOCUMENTS
Exam. Document No. Publ. Date Name Relevance
Initial* Number - Kind Code MM-DD-YYYY Patentee or Applicant Passages/Figs.
7,252,852 B1 08-07-2007 | Parkin
7,262,064 B2 08-28-2007 | Ohba et al.
7,270,896 B2 * 09-18-2007 | Parkin
2006-0003185 01-05-2006 | Parkin
7,408,749 B2 08-05-2008 | Gill
7,443,639 B2 10-28-2008 | Parkin
7,453,672 B2 11-18-2008 | Dieny et al.
7,570,463 B2 08-04-2009 | Parkin
7,598,555 B1 10-06-2009 | Papworth Parkin
FOREIGN PATENT DOCUMENTS
E)_(éfm. Country-Number- Publ. Date Name 'Relevance Tra.ns-
Initial* Kind Code ' nown MM-DD-YYYY Patentee or Applicant Pa;?gsey lation
JP 2002-270790 A 09-20-2002 Toshiba Corp. Abstract
JP 2003-304012 A 10-24-2003 | Matsushita Electric Partial
Ind Co. Ltd.
JP H05-144729 A 06-11-1993 Hitachi Ltd. Partial
EP 0 145 403 A2 06-19-1985 | Cherdy Conversion Yes
evices, Inc.
EP 1061592 A 12-20-2000 Odagawa et al. Yes
EP 1793434 A1 06-06-2007 | JaPan Science and Yes
Technology Agency
Nat. Inst. Of Adv. Ind.
JP 2002-359413 A 12-13-2002 & Technol.; Japan Abstract
Science & Tech Corp.
, : Nat. Inst. Of Adv.
JP 2003-86863 A 03-20-2003 Ind. & Technol; Japan Abstract
Science & Tech Corp.
JP 2004-063592 A 02-26-2004 Sony Corp. Abstract
JP 2004-128015 A 04-22-2004 Sony Corp. :
JP 2004-153258 A 05-27-2004 | Howlelt Packard Abstract
evelopment Co.
KR 2002-0042448A 06-05-2002 Anelva Corp. Abstract
| KR 2003-0097904 ° 12-31-2003 Nagahama et al. Partial
WO 01/056090 A1 08-02-2001 Takahashi Abstract
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
Office Action issued from Japanese Patent Office, in corresponding
Japanese Patent Application No. 2011-226907, dated January 31, 2012, pp. Yes
1-3. A

ALL BREFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH.-/AC/
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Receipt date: 07/23/2012 - 13400340 - GAU: 2897

Sheet.3 of 5 | US Patent Application No. 12/659,827 I Docket No. NAGI-0004

ARAKI et al., “Fabrication and Electric Properties of Lapped Type of TMR
Heads for “50 Gb/In*and Beyond,” IEEE Transactions on Magnetics, Vol. Yes
38, No. 1, pp. 72-77, January 2002.

David D. DJAYAPRAWIRA et al., “230% Room-Temperature
Magnetoresistance in CoFeB/MgO/CoFeB, Magnetic Tunnel Junctions,” Yes
IEICE Technical Report, Vol. 104, No. 713, March 4, 2005

David D. DJAYAPRAWIRA et al., “Novel Sputtering Technology of Magnetic
Tunnel Junctions for MRAM Application,” Papers 01 the 66" Symposium on
Semiconductors and Integrated Circuits Technology, Vol. 66, pp. 58-61,
2004

H. DOMON et al., “Effect of Ge Addition on Postannealed CoCrGePt Thin
Film Media,” Journal of Applied Physics, Vol. 91, No. 10, pp, 8632-8634, Yes
May 15, 2002. :
H. DOMON et al. “Reduction of Magnetic Interaction in CoB/Pd Multilayer
Perpendicular Media Using a Phase-Separated Pd-SiO Underlayer,” Journal Yes
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Customized PTO/SB/30 (04-09) ﬁ

S N
o CONTINUED EXAMINATION Filing Date | February 20, 2012
First Inventor | YUASA
(RCE) Transmittal Art Unit | 2897
Examiner | Alonzo Chambliss
Mail Stop RCE ‘ Docket # | NAGI-0004

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.

ool : Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed
SubmlssmnFt:qu; r1e:i 4 with the RCE will be entered in the order in which they were filed unless applicant instructs
under 37 C §1. otherwise (with a separate request for non-entry).

[] Previously submitted. /f 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:

Enclosed
] Response/Amendment to Office Action Information Disclosure Statement
(] Affidavit(s)/Declaration ' [] Other:

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 __-month.

] other:
FEES | calculated below (after reduction for an amendment if noted above).
NOW | Basic/Previous Number | Present Extra Rate $
(] TotaL CLAIMS. 4 4 0 X $62 =
(] INDEPENDENT CLAIMS 1 1 0 | X $250 =
RCE fee required under 37 CFR 1.17(e) $930 = 930

TOTAL OF ABOVE CALCULATIONS 930
(] Reduction by ¥ for small entity status of applicant , -

SUBTOTAL =

(] Extension of time fee for __-month
(] Other fee for

In i

_ TOTAL OF ALL FEES = 930
Payment of $930 is made by: CREDIT CARD (Form PTO-2038 is enclosed). -
' (] ELECTRONIC FUNDS TRANSFER submitted herewith.

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 EOQT 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.

N
e ’,Q, /Qc.a, .
Date: November 14, 2012 b ? D8.518 for

Signed By Name: Juan Carlos A. Marquez.
Attorney of Record Registration No.: 34,072

STITES & HARBISON PLLC « 1199 North Fairfax St. » Suite 900 e Alexandria, VA 22314
TEL: 703-739-4900  FAX: 703-739-9577 + CUSTOMER NO.-38327
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

%
A?e U.S. Patent Application of
Confirmation No. 1060
YUASA
Group Art Unit 2897
U.S. Application Number: 13/400,340
: Examiner:
Filed: February 20, 2012 Alonzo Chambliss

For: MAGNETIC TUNNEL JUNCTION DEVICE
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Attorney Docket No. NAGI-0004

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 being submitted
in connection with 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 the accompanying Form PTO-
1449. Any other documents or information submitted for consideration by the Examiner are listed in this

. paper. A copy of each non-US or foreign patent or non-patent publication or any portion thereof listed or
herein identified 1s submitted herewith.

CERTIFICATION

1. This Information Disclosure Statement is being submitted:

[x] (a) Concurrently with RCE application or not more than three months from the filing date
of the above-identified U.S. patent application, whereby it is believed that no fee is due;
OR

[ 1 (b) Within three months of the filing date of the above-identified U.S. patent application
and before the mailing date of the first Office Action on the merits of the above-identified
application, whereby it is believed that no fee is due; OR

[ 1 (c) 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 the issuance of any Final Action or Notice of Allowance sent in
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such application, whereby Applicant(s) hereby submit the requisite certification
hereinbelow, or authorization for the payment of the requisite fee is attached; OR

[ ] (d) After the issuance of a Final Action or Notice of Allowance, but before the payment
of the Issue Fee, whereby Applicant(s) hereby submit the requisite certification

hereinbelow, and the attached authorization for the payment of the requisite fee.

2. In accordance with the requirements of 37 C.FR. §1.97, and Parts 1(c) or 1(d) above,

Applicant(s) hereby certify that: »

[ ] Each item of information contained in this Information Disclosure Statement was first
cited in any communica}ion from a foreign patent office in a counterpart foreign
application not more than three months prior to the filing of this Information Disclosure
Statement; OR .

[ ] No item of information contained in this Information Disclosure Statement was cited in a
communication from a foreign patent office in a counterpart foreign application, and, to
the knowledge of the person signing the certification after making reasonable inquiry, no
item of information contained in the information disclosure statement was known to any
individual designated in §1.56(c) more than three months prior to the filing of this
Information Disclosure Statement.

Please charge any additional fees or credit any overpayments in connection with the submission
of this Information Disclosure Statement to Deposit Account No 12-0555.
The Examiner is requested to acknowledge receipt and consideration of the information provided

in this paper in accordance with prescribed procedures.

Respectfully submitted,

“OC’“?/&“" 2%5*

Juan Carlos A. Marquez
Registration Number 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

November 14, 2012
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INFORMATION DISCLOSURE Filing Date February 20, 2012
STATEMENT BY APPLICANT First Inventor ‘ Yuasa
Art Unit 2897

Examiner Alonzo Chambliss

Sheet 1 of 1 Docket # NAGI-0004

U.S. PATENT DOCUMENTS

Exam. Document No. Publ. Date Name Relevance
Initial* Number ~ Kind Code MM-DD-YYYY Patentee or Applicant Passages/Figs.

FOREIGN PATENT DOCUMENTS
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Initial* Kind Code " "**" MM-DD-YYYY Patentee or Applicant Passages/Figs. lation
JP 2004-022599 A 01-22-2004 | Sony Corp. Yes

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

David D. DIAYAPRAWIRA et al., “230% Room-Temperature
Magnetoresistance in CoFeB/MgO/CoFeB Magnetic Tunnel Junctions,” v
Applied Physics Letters, vol. 86, 092502 (2005), doi: 10.1063/1.1871344, ves

pp. 1-4.
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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 13/400,340 02/20/2012 | [ 7o 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 ($) FEE ($)
LI sasic Fee N/A N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
[ seancH Fee N/A N/A N/A N/A
(37 CFR 1.16(Kk), (i), or (m))
|:| EXAMINATION FEE
(37 CFR 1.16(0). (p). or (a)) N/A N/A N/A N/A
O S sz |- s onpxs -
INDEPENDENT CLAIMS ’ N _ _
(37 CFR 1.16(h)) minus 3 = Xs$ = Xs$ =
If the specification and drawings exceed 100
0O sheets of paper, the application size fee due
ASF;PCL;g/ﬂ'SN SIZE FEE is $250 ($125 for small entity) for each
¢ 16(s)) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
— | 11142012 | e PREVIOUSLY EXTRA RATE®) | Fee (g RATE (9) FEE ($)
5 AMENDMENT PAID FOR
s ;F?;(a?)l) (37 CFR “ 4 Minus | = 20 -0 X$ = OR X $62= 0
5 .
= B B nss | 3 -0 T Sl RSN E—
<§( I:l Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(})) 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 (g RATE (9) FEE ()
= AMENDMENT PAID FOR
Total (37 cFr . f *x - -
E 1.160)) Minus = X $ = OR | X% =
= FEE B winus | - - xs__- OR xS -
Z - )
] D Application Size Fee (37 CFR 1.16(s))
=
<C D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(})) OR
TOTAL TOTAL
ADD’L OR ADDL
FEE FEE
j*lf the e;ntlry in column 1 is Ies-s lhalm Il)heT entr): in c-lvi)lumn 2, \A(/;rile. (I) in column 3. o Legal Instrument Examiner:
If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”. /DOROTHY BELL/
*** 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-PTO-9199 and select option 2.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW’.USP'.O.gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
12/24/2012

38327 7590
Juan Carlos A. Marquez
c/o Stites & Harbison PLLC
1199 North Fairfax Street | ART UNIT
Suite 900 2897

Alexandria, VA 22314-1437

CHAMBLISS, ALONZO

PAPER NUMBER |

DATE MAILED: 12/24/2012

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

13/400,340 02/20/2012
TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE

Shinji Yuasa NAGI-0004 1060

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1770 $300 $0 $2070 03/25/2013
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
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown
above.

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required)
and twice the amount of the ISSUE FEE shown above, or

If the SMALL ENTITY is shown as NO:
A. Pay TOTAL FEE(S) DUE shown above, or

B. If applicant claimed SMALL ENTITY status before, or is now
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
Transmittal and pay the PUBLICATION FEE (if 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. 02/11)
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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
indicated 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 12/24/2012
Juan Carlos A. Marquez L hereh _— Ce;.tifi:cat(e ;)t:r Mailing (‘ir_ Tgapsm(jissior! A with the United
. . ereby certify that this Fee(s) Transmittal 1s being deposited wi e Unites
¢/o Stites & Harbison PLLC States Postal Service with sufficient postage for first class mail in an envelope
1199 North Fairfax Street addressed to the Mail Stop ISSUE FEE address above, or being facsimile
Suite 900 transmitted to the USPTO (571) 273-2885, on the date indicated below.
Alexandria, VA 22314-1437 (Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/400,340 02/20/2012 Shinji Yuasa NAGI-0004 1060
TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE
I APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1770 $300 $0 $2070 03/25/2013
[ EXAMINER | ART UNIT [ crasssuscrass |
CHAMBLISS, ALONZO 2897 257-295000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CER 1.363). (1) the names of up to 3 registered patent attorneys 1
[ Change of corre;%)ndence 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 to the CEief In%ormalion 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. 02/11) Approved for use through 08/31/2013. 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’.USP'.O.gOV

I APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
13/400,340 02/20/2012 Shinji Yuasa NAGI-0004 1060
| EXAMINER |
38327 7590 1212412012
Juan Carlos A. Marquez CHAMBLISS, ALONZO
c/o Stites & Harbison PLLC
1199 North Fairfax Street | ART UNIT PAPER NUMBER |
Suite 900 2897

Alexandria, VA 22314-1437
DATE MAILED: 12/24/2012

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 0 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 0 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 (571)-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
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom
of Information Act (§ U.S.C. 552) and the Privacy Act (§ U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

. A record from this system of records may be disclosed, as a routine use, in the course of presenting

evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel
in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency

having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

. A record related to an International Application filed under the Patent Cooperation Treaty in this

system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 U.S.C. 218(c)).

. A record from this system of records may be disclosed, as a routine use, to the Administrator,

General Services, or his/her designee, during an inspection of records conducted by GSA as part of
that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance
with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandoned or in
which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Application No. Applicant(s)

} . 13/400,340 YUASA, SHINJI
Notice of Allowablllty Examiner Art Unit
ALONZO CHAMBLISS 2897

-- 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 IDS filed on 11/14/12.

2. [J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-4. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a patrticipating intellectual property office for the corresponding application. For more information, please see
hitp//www.uspto.govipatents/init_events/pph/index.isp or send an inquiry to PPHfeadback@uspto.gov .

4. [X] Acknowledgment is made of a claim for foreign priotity under 35 U.S.C. § 119(a)-(d) or (f).

a)X Al by Some* c¢)[INone ofthe:

1. [ Certified copies of the priority documents have been received.

2. [X] Certified copies of the priority documents have been received in Application No. 10/591,947 .

3. [ Copies of the cettified 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.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[0 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. [J Examiner's Amendment/Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. [] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 11/14/12

3. [ Examiner's Comment Regarding Requirement for Deposit 7. X Other See Detailed Action.

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

U.S. Patent and Trademark Office
PTOL-37 (Rev. 09-12) Notice of Allowability Part of Paper No./Mail Date 20121215
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Application/Control Number: 13/400,340 Page 2
Art Unit: 2897

DETAILED ACTION
Information Disclosure Statement

1. The information disclosure statement (IDS) submitted on 11/14/12 was filed
before the mailing date of the notice of allowance on 12/15/12. 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.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Fernando L. Toledo can be reached on (571) 272-1867. 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
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Application/Control Number: 13/400,340 Page 3
Art Unit: 2897

only. For more information about the PMR system see http:/pair-kect.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/December 15, 2012 /Alonzo Chambliss/

Primary Examiner, Art Unit 2897
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 13400340 YUASA, SHINJI
Examiner Art Unit
ALONZO CHAMBLISS 2892
SEARCHED
Class Subclass Date Examiner
SEARCH NOTES
Search Notes Date Examiner
Reviewed parent case for prior art 3/25/12 AC
East text search only - see attached printout 9/5/12 AC
East text search only - see attached printout 12/15/12 AC
INTERFERENCE SEARCH
Class Subclass Date Examiner
257 4,295 421,427 9/5/12 AC
365 171 9/5/12 AC
438 3 9/5/12 AC
257 4,295 ,421,427 12/15/12 AC
365 171 12/15/12 AC
438 3 12/15/12 AC

U.S. Patent and Trademark Office

Part of Paper No. : 20121215

WD EX1006

Western Digital v IP Bridge

Page 199



ReceMP &N 1/14/2012 13400340 - GAU: 2897

%
» Nov 1420 2

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

> .
%EM Aa\‘

For: MAGNETIC TUNNEL JUNCTION DEVICE

re U.S. Patent Application of )
) Confirmation No. 1060
YUASA )
) Group Art Unit 2897
U.S. Application Number: 13/400,340 )
: ) Examiner:
Filed: February 20, 2012 ) Alonzo Chambliss
)
)
)
)

Attorney Docket No. NAGI-0004

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 being submitted
in connection with 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 the accompanying Form PTO-
1449. Any other doéuments or information submitted for consideration by the Examiner are listed in this

. paper. A copy of each non-US or foreign patent or non-patent publication or any portion thereof listed or
herein identified is submitted herewith.

CERTIFICATION

1. This Information Disclosure Statement is being submitted:

[x] (a) Concurrently with RCE application or not more than three months from the filing date
of the above-identified U.S. patent application, whereby it is believed that no fee 1s due;
OR

[ ] (b) Within three months of the filing date of the above-identified U.S. patent application
and before the mailing date of the first Office Action on the merits of the above-identified
application, whereby it is believed that no fee is due; OR

[ 1 (c) 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 the issuance of any Final Action or Notice of Allowance sent in

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /AC/

WD EX1006
Western Digital v IP Bridge
Page 200



Receipt date: 11/14/2012 - 13400340 - GAU: 2897

such application, whereby Applicant(s) hereby submit the requisite certification
hereinbelow, or authorization for the payment of the requisite fee is attached; OR

[ ] (d) After the issuance of a Final Action or Notice of Allowance, but before the payment
of the Issue Fee, whereby Applicant(s) hereby submit the requisite certification

hereinbelow, and the attached authorization for the payment of the requisite fee.

2. In accordance with the requirements of 37 C.FR. §1.97, and Parts 1(c) or 1(d) above,

Applicant(s) hereby certify that: .

[ ] Each item of information contained in this Information Disclosure Statement was first
cited in any communica/tion from a foreign patent office in a counterpart foreign
application not more than three months prior to the filing of this Information Disclosure
Statement; OR .

[ 1 No item of information contained in this Information Disclosure Statement was cited in a
communication from a foreign patent office in a counterpart foreign application, and, to
the knowledge of the person signing the certification after making reasonable inquiry, no
item of information contained in the information disclosure statement was known to any
individual designated in §1.56(c) more than three months prior to the filing of this
Information Disclosure Statement.

Please charge any additional fees or credit any overpayments in connection with the submission
of this Information Disclosure Statement to Deposit Account No 12-0555. V
The Examiner is requested to acknowledge receipt and consideration of the information provided

in this paper in accordance with prescribed procedures.

Respectfully submitted,

DW?AL‘ 2 #28,579 /3%

Juan Carlos A. Marquez
Registration Number 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

November 14, 2012

268393:1:ALEXANDRIA

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /AC/
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%) 11/14/2012 13400340 - GAU: 2897

Customized PTO/SB/08a+b (07-09)

Substid®/for Form 1449/PTO i Application # 13/400,340
TRADEMIE Confirmation # 1060
INFORMATION DISCLOSURE Filing Date February 20, 2012
STATEMENT BY APPLICANT First Inventor | Yuasa
Art Unit 2897
Examiner Alonzo Chambliss
Sheet 1 of 1 Docket # NAGI-0004
U.S. PATENT DOCUMENTS

Exam. Document No. Publ. Date Name Relevance

Initial* Number - Kind Code MM-DD-YYYY Patentee or Applicant Passages/Figs.
i
N
M%
N
N%.;M

FOREIGN PATENT DOCUMENTS

Exam. Country-Number- Publ. Date Name Relevance Trans-
Initial* Kind Code " "*" MM-DD-YYYY Patentee or Applicant Passages/Figs. lation
JP 2004-022599 A 01-22-2004 | Sony Corp. Yes
[ g,
wm
M
WM%
R

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

David D. DIAYAPRAWIRA et al., “230% Room-Temperature
Magnetoresistance in CoFeB/MgO/CoFeB Magnetic Tunnel Junctions,”
Applied Physics Letters, vol. 86, 092502 (2005), doi: 10.1063/1.1871344, . Yes

pp. 1-4.

Examiner Signature /Alonzo Chambliss/ (12/16/2012) | 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.

268389:1:ALEXANDRIA

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /AC/
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EAST Search History

EAST Search History

EAST Search History (Prior Art)

RefHits §{Search Query DBs Default }{Plurals {Time
# Operator Stamp
L1 {473 }§"365"/$.ccls. and CoFeB and (MgO US-PGPUB; {OR ON 12012/12/16
magnesium adj3 oxide) same (second top USPAT; 400:05
upper) near5 (ferromagnetic Fe) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
2 {49 1"438"/$.ccls. and CoFeB and (MgO US-PGPUB; iOR ON 42012/12/16
magnesium adj3 oxide) same (second top USPAT; 100:08
upper) near5 (ferromagnetic Fe) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
L3 {139 "257"/$.ccls. and CoFeB and (MgO US-PGPUB; §OR ON §2012/12/16
magnesium adj3 oxide) same (second top USPAT; #00:06
upper) near5 (ferromagnetic Fe) USOCR;
FPRS;
EPO; JPO;
DERWENT,;
IBM_TDB
L4 456 "257"/e29.164,e21.208,6e27.104,629.323.ccls. jUS-PGPUB; {OR ON 42012/12/16
and CoFeB and (MgO magnesium adj3 USPAT; 400:08
oxide) same (second top upper) nearb USOCR;
(ferromagnetic Fe) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

EAST Search History (Interference)

< This search history is empty>

12/16/2012 12:08:35 AM
C:\ Users\ achambliss\ Documents\ EAST\ Workspaces\ 12652379.wsp

file:///Cl/Users/achambliss/Documents/e-Red%20Folder/13400340/EA STSearchHistory.13400340_AccessibleVersion.htm[12/16/2012 12:08:46 AM]
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

13400340 YUASA, SHINJI
ALONZO CHAMBLISS 2897
ORIGINAL INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
257 295 Hlo|1]L 27 /108 (2006.0)
cl1]1]c 11/14 (2006.0)
CROSS REFERENCE(S)
H{of 1 |L 21/00 (2006.0)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
257 427 £29.323 E27.104 E29.164 E21.208
365 171
438 3
X Claims renumbered in the same order as presented by applicant O CPA O T O R147
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original

1 1

2 2

3 3

4 4
NONE

Total Claims Allowed:
4

(Assistant Examiner) (Date)
/ALONZO CHAMBLISS/
Primary Examiner.Art Unit 2897 12/15/12 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1B

U.S. Patent and Trademark Office

Part of Paper No. 20121215
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Best Available Co
PART B

[ere and mail this form, together with applicable fees, to:

RXSUE FEE (S) TRANSMITTAL

Box ISSUE FEE
Assistant Commissioner for Patents
Washington, D.C. 20231

N

MAILING INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocl.s 1 through 4 should be completed where appropnaxe All further correspondence
ad >

mcludmg lhe Pmem. ndvnnce ordevs a.nd nouﬁuulon of‘ maintenance fem will be mailed to lhe current ¢

STITES & HARBISON, PLLC
SUITE 900

1199 N. FAIRFAX STREET
ALEXANDRIA, VA 22314

s as i d unless corrected below or directed otherwise in Block 1, by (a) specifying a
Note: The certificate of mailing below can only be used for domestic mailings of the Fee(s)
Transminal, This certificate cannot be used for any other accompanying papers. Each
additional paper, such as an assignment or format drawing, must have its own certificate

Certificate of Mailing
1 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,
13/400,340 02/20/2012 Shinji Yuasa NAGI-0004 1060
TrTLE oF INVENTION. MAGNETIC TUNNEL JUNCTION DEVICE
I APPLN. TYPE SMALL ENTITY | ISSUE FEE | PUBLICATION FEE l TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1770 $300 $2070 03/25/2013
| EXAMINER | ARTUNIT | CLASS-SUBCLASS I
CHAMBLISS, ALONZO 2897 257-295000
1. Change of cor d address or indi of OFee 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 registered patent attomeys 1. Stites & Harbison, PLLC
or agents OR, alternatively, (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
atiached. attomey or agent) and the names of up to 2 2._Juan Carlos A, Marquez, Esq
. registered patent attorneys or agents. If no !
[ "Fee Address" indication (or “Fee Address™ Indication form PTO/SB/47) attached. name is listed, no name will be printed .3 Nicholas B, Trenkle, Esq,
3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (pnnt 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 has been previousl d to the USPTO
or is being submitted 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)
Japan Science and Technology Agency Saitama, Japan
National Institute of Advanced Industrial Science and Technology  Tokyo, Japan
Please checl the appropriate assignee category indicated below (will not be printed on the patent) O individual Corporation of private group entity Og
4a.  The following fees are enclosed:
B issue foe 4b. Payment of Fee(s):
B publication Fee B Payment by credit card. Form PTO-2038 is attached. N
O 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 sbove.

(Authorized Signature)

(Date) February 14, 2013
e

Juan C.A. Marquez Reg. No. 34,072
NOTE: The Issue Fee and Publicatiop

Trademark Office

Burden Hour Statement: Thi; is estimated to take 0.2 hours to complete, Time will vary depending on the needs
of the individual case, Any ents 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 issi for Patents, Washil D.C. 20231

i
Under the Paperwork Reduction Act of 1995, no persons are required to respond 1o a collection of information unless it
displays a valid OMB control number
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Alexandria, Virginia 22313-1450
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| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
13/400,340 03/26/2013 8405134 NAGI-0004 1060
38327 7590 03/06/2013

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 0 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;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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