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O

I\;IAGNETIC TUNNEL JUNCTION DEVICE AND METHOD OF MANUFACTURING

THE SAME

[0001] CROSS-REFERENCE TO RELATED APPLICATION

[0002] The present application 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. Priority is claimed from U.S.
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.

[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
1
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currently widely used DRAM memories. Research and development of MRAM
devices, which are fast and non-volatile memory devices, are being
extensively carried out, and sample products of a 4Mbit MRAM have actually

been delivered.

[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 dlso referred to as a “barrier layer”) made of an oxide is sandwiched
between a first and a second electrode made of a ferromagnetic metal. The
tunnel barrier layer comprises an amorphous Al-O layer (see Non-Patent
Document 1). As shown in Fig. 8(A), in the case of parallel magnetization
allgnment where the directions of magnetizations of the first and second
ferromagnetlc electrodes are aligned parallel, the electric resistance of the
deylce with respect to the direction normal to the interfaces of the tunneling
5unotion structure decreases. On the other hand, in the case of antiparallel
Ioagnetizatioo alignment where the directions of magnetizations of the first
and second ferromagnetw electrodes are aligned ant1parallel as shown in Fig.
8(B) the electrlc resistance with respect to the dlrectlon normal to the
1nterfaces of the tunneling junction structure increases. The resmtance
value does not change in a general state, so that information “1” or “0” can be
stored dependmg on whether the resistance value is high or not. Since the
parallel ‘and ant1parallel magnetization alignments can be stored in a

non-volatile fashion, the device can be used as a non-volatile memory device.
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[6009] 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
éircuit block diagram. Fig. 9(C) is a cross-section of an example of the
structure of the MRAM. Referring to Fig. 9(A), in an MRAM, a word line WL
and a bit line BL are disposed in an intersecting manner, with an MRAM cell
disposed at each intersection. As shown in Fig. 9(B), the MRAM cell disposed
at the intersection of a word line and a bit line comprises a MTJ device and a
MOSFET directly connected to the MTJ device. Stored information can be
read by readmg the resistance value of the MTJ device that functions as a
load 1es1stance using the MOSFET. The stored information can be rewritten
‘by applylng 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 Sl substrate
101, and a gate electrode 111 formed on a channel region that is defined
between t‘he source and drain regions. The MRAM also comprises a MTJ
device 117. The source region 105 is grounded, and the drain is connected to
a b1t hne BL via the MTJ device. A word line WL is connectéd to the gate

electrode 111 in a region that is not shown.

[0'010] Thus, a-single non-volatile MRAM memory cell can be formed by a
single MOSFET 100 and a single MTJ device 117. The MRAMs are therefore

suitable where high levels of integration are required.

[0011] Non-Patent Document 1: D. Wang, et al.: Science 294 (2001) 1488.
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[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 device, which is the heart of MRAM, needs to be improved if higher
levéls of integration are to be achieved. In particular, in order to increase the
output voltage of the MTJ device, the magnetoresistance must be increased
aﬁ(l 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 (Ll) As shown, in the conventional MTJ device, the
magnetoresmtance is small and, notably, it tends to drastically decrease
upon app11cat10n of bias voltage. With such characteristics, the output
voltage when operation margins are taken into consideration is too small for
tlle device to :be employed for an actual memor.y device. Specifically, the
.rxlalglnet‘oresista;nce 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
substanmally 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
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la)\rer; a first ferromagnetic material layer of the BCC structure formed on a
first side of the tunnel barrier layer; and a second ferromagnetic material
layer of the BCC structure formed on a second side of the tunnel barrier
layer, wherein the tunnel barrier layer is formed by a single-crystal MgOy
(001) layer or a poly-crystalline MgOx (0 < x < 1) layer in which the (001)

érystal plane is preferentially oriented.

[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) formed 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 MgOx (001) layer or a poly-crystalline MgOx (0 < x < 1)
layer in which the (001) crystal plane is preferentially oriented. In a
pre‘ferred embodiment, the band discontinuity value (the height of the tunnel
barri"e‘r) betwe_en‘ 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
perfectA isiingle'crystal without defect. These features increase the
@agn_etoresistance and thereby allow the output voltage of the MTJ device to
be’in(‘:reased._ By using any of the aforementioned MTJ devices as a léad for a

single transistor, a non-volatile memory can be formed.
N '. .A; - . .

[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

5
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f‘ilr_st Fe(001) layer by electron beam evaporation under high vacuum, the
tunnel barrier layer comprising a single-crystalline MgO, (001) or a
boly'crystalliné MgOx (0 < x < 1) in which the (001) crystal plane is
préfe?entially.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 MgOx(001) or a poly-crystalline MgOx (0 < x < 1) in which
the (001) crystal plane is preferentially oriented, a second step of depositing
a f.irstszé(OOI) layer on the substrate and performing an annealing process to
mal’{e.the surface flat, a third step of depositing a tunnel barrier layer on the
firét Fe(001) layer by electron beam evaporation, the tunnel barrier layer
comprising a single-crystalline MgO«(001) or a poly-crystalline MgOx (0 < x <
1) in which the (001) crystal plane is preferentiélly oriented, and a fourth
step of formlng a second Fe(001) layer on the tunnel barrier layer. The
method may fuxther comprise the step of growing a seed layer between the
flI‘St and the second steps, the seed layer comprising a smgle crystallme
MgO (001) or a poly-crystalline MgOx (0 < x < 1) in which the (001) crystal
plane is preferentlally oriented. The MgO layer may be deposited using a
target w1th the value of x in MgOy adjusted. The value of x in MgO« may be

ad]usted in the step of forming the MgO.

[0019] In yet another aspect, the invention provides a magnetoresistive
device comprising a magnetic tunnel junction structure comprising a tunnel
barrier layer comprising MgQ(001), a first ferromagnetic material layer

6
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ébm.prising an amorphous magnetic alloy formed on a first sideof the tunnel
barrier layer, and a second ferromagnetic material layer comprising an
amorphous magnetic alloy formed on a second side of the tunnel barrier
layer, wherein the discontinuous value (the height of the tunnel barrier)
between the bottom of the conduction band of the MgO(001) layer 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

[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 as a “Fe(001)/Mg0(001)/Fe(001) MTJ device”) according to an
émbodiﬁent*of the invention.

[0023] Fig. 3(A) shows a RHEED image of a Fe(001) lower electrode (a first

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

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

the 'deposition chamber during the MgO evaporation.

7
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[0625] Fig. 5 shows the film deposition rate dependency of the oxygen paftial

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 Vou: of the MTJ device

(=bias voltage x (Rap-Rp)/Rap).

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

principle. .

[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
01rcu1t dlagram and Fig. 9(C) showing a cross-sectional view of an example of

1ts 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 accordmg to a variation of

the 1nvent10n correspondmg to Fig. 1(B).
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[0032] DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0033] In the context of the present specification, because MgO has a cubic
cryétal 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 ordéring so-called
A.‘ijype structure, the BCC structure with chemical ordering such as B2-type
sFrl.;f:tre .an.d Lk2.1'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
photoémission 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 liniit value of the
potential barrier height of the tunnel barrier of an ideal single-crystal MgO

with hardly any oxygen vacancy defect or lattice defect.

[0035] Before descfibing the preferred embodiments of the invention, an
analy'sis-con'd-ucted by the inventors is discussed. The magnetoresistance

(MR) ratio of-a MTJ device can be expressed by the following equation:

i0036] AR/Rp = (Rap — Rp)/Rp
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[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 = 2P1P2/(1-P1P3), and
[0039] Po = (Da T (Er) - Do 4 (Ep))/(Do T (Er) + Do ¥ (Er),-
[0040] wheré a=1,2 (1)

[0041] In the above equations, Pa is the spin polarization of an electrode, and
Doc 1 (EF) and Do 4 (Er) are the density of state (DOS) at the Fermi energy
(EF) of the ma30r1ty 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
rooﬁlltemperature when a MTJ device was made using an amorphous Al-O
tuhﬁei barriér. 'andv polycrystalline electrodes, it hés been difficult to obtain
the E)utAput 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 MgO in which the (001) crystal plane is preferentially

oriented. It is the inventors’ theory that, because magnesium oxide is a
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crystal (where the atoms are arranged in an orderly fashion), as opposed to
the conventional amorphous Al-O barrier, the electrons are not scattered and
the coherent states of electrons are concerved during the tunneling process.
Fig. 1(B) shows the MTJ device structure according to an embodiment of the
invention. Fig. 1(A) shows the energy band structure of the ferromagnetic
Fe(001), that is, the E-Er relationship with respect to the [001] direction of
the momenturn 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 eingle'crystalline MgOy (001) layer 3 or a poly-crystalline MgOx
(O.< 'x‘< 1.) leyer 3 sendwiched therebetween, the polycrystalline layer having
the (QOI‘) cryetal plane preferentially oriented therein. According to the
aforernentione‘d Jullire’s model, assuming that the momentum of the
conduction electrons is preserved in the tunneling proce.ss the tunneling
current that passes through MgO would be dominated by those electrons W1th
wave vector kz in the direction perpendicular to the tunnel barrier (normal to
the Junctmn 1nterfaces) In accordance with the energy band diagram shown
in Flg 1(A) of Fe in the [001] (I'-H) direction, the density of state (DOS) at the
Ferrm energy Er does not exhibit a very high spin polarlzatlon due to the fact
that the sub bands of the majority-spin and the minority-spin have states at
the Ferm1 energy Er. However, in case the coherent states of electrons are
conserved in the tunnellng process, only those conduction electrons that have
totally symmetncal wave functions with respect to the axis perpendlcular to
the bar1 ler would be coupled with the states in the barrier region and come to
have a f1mte tunnehng probability. The Al band in the Fe(001) electrode has
snch totally symmetric wave functions. As shown in Fig. 1(A), the majority

11
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spln ‘Al band (solid line) has states at the Fermi energy Er, whereas the
minority spin Al band (broken line) does not have state at the Fermi energy
EF Because of such half-metallic characteristics of the Fe A, band, there is
the Apbssibility that a very high MR ratio can be obtained in a coherent spin
polarized tﬁnneling. Since in an epitaxial (single-crystal, or (001) oriented
poly-crystal) MTJ device the scattering of electrons is suppressed during the
tunneling process, an epitaxial MTJ device is thought to be ideal for realizing

the aforementioned coherent tunneling.

[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 (001)/MgO(001)/Fe(001)
strﬁctu‘re according to the embodiment (to be hereafter referred to as a
“Fe(001)/Mg0(001)/Fe(001) MTJ device”). Fe(001) refers to a ferromagnetic
material with the BCC structure. First, a single-crystal MgO(001) substrate
11 was prepared. In order to improve the morphology of the surface of the
single-crystal MgO(001) substrate 11, a MgO(001) seed layer 15 was grown by
the molecular beam epitaxy (MBE) method. This was subséguently followed
By thé growtvh o.f an epitaxial Fe(001) lower electrode (first electrode.) 17 with
the thlckness of 50 nm on the MgO(001) seed layer 15 at room temperature,
as shown in F1g 1(B), and then annealing was performed at 350°C under
ultrahlgh vacuum (2 x 108 Pa). Electron-beam evaporation conditions
ir‘lcl'qdied ;m a;:cel'eration voltage of 8 kV, a growth rate of 0.02 nm/sec, and the

growth temperature of room temperature (about 293K). The source material
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of tlﬁle“electron‘jbeam evaporation was MgO of the stoichiometric composition
(the ratio of Mg to O being 1:1), the distance between the source and the
subjstrate was 40 cm, the base vacuum pressure was 1 x 108 Pa, and the O
partial pressure was 1 x 106 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 the Fe(001) lower electrode (first electrode)
17 possesses _aj- 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 MgO(001) barrier

layer 21-also possesses a good crystallinity and flatness.

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

device.
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[0047] The aforementioned MgO evaporation using an electron beam
;nvolved 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'fhe thickness of 300 nm, was colorless and transparent, showing that a
good crystal film was formed. Fig. 4 shows the results of observing the
Quadrupole mass spectra in the deposition chamber during the MgO growth.
The results show that the partial pressures regarding the spectrum P1 of O
and the spectrum P2 of Oz 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 high, and
that the exygen partial pressure increases as the deposition rate increases.
Theee re_sults indicate the separation of oxygen from MgO during the
deposition of MgO Since the separated oxygen is pumped out. of the
deposmlon chamber using vacuum pumps, there is the posmbﬂlty that there
are oxygen vacancy defects such as MgOx (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), whxch 1s thought to result in an increase in the tunneling
current. In the case of a typical Al-O tunnel barrier, the height of the tunnel
barr_ier with respect to Fe(001) electrodes is considered to be 0.7 to 2.5 eV. An
ideal tunnel barrier height of a MgO crystal is 3.6 eV, and experimental
values of 0.9 to 3 7 eV have been obtained. Using the method accordmg to the
present embod1ment of the invention, a tunnel barrier height of
app10x1mate1y 0.3 eV is expected, indicating that the resistance of the tunnel
baruer can be 1owered However, it should be noted that other factors, such
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as the influence of the aforementioned coherent tunneling, might also be
involved. The value of x in MgOx due to oxygen vacancy 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 electﬁc 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 10:31 kg) as the electron’s effective mass. When a bias voltage V
(which: is normally on the order of 500 mV to 1000 mV) is applied until
non: lmeauty appears in the J-V characteristics, the height ¢ of the tunnel
ba111er and the effective thickness As of the tunnel barrier can be
slmultaneously determlned 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)
detérfhined from a cross-sectional transmission electron microscope image of
the-MTJ device by approximately 0.5 nm. This is the result of the effective
thickness As of the tunnel barrier having been reduced from the actual

MgO(001) layer thickness by the effect of the image potential produced at the
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interface betwéen the MgO(001) layer and the alloy layer consisting mainly of

Fe and Co.

[0050] It is noted that, in the event that tmgo 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
techr;ique.v Namely, when the bias voltage V applied to the MTJ device is
small (normally 100 mV or smaller), the tunnel current density J is
i:uroportional to the bias voltage V, such that the J-V characteristics become
li-ng‘ar. ~In such a low-bias voltage region, the Simmons’ formula can be

described as follows:
[0051] J'= [(2m¢)1/2/As](e/h)? x exp[-(4nAs/h) x (2m¢)1/2] x V (2)

[0052] \;vh‘e.re m is the mass of the free electron (9.11 x 1031 kg), e is the
elementary electric charge (1.60 x 1019C), and h is the Planck’s constant
(6. 63 x 10734 J.s). The effective thickness of the tunnel barrier As is
approx1mate1y tMgo — 0.5 nm. By fitting the J-V characterlstlcs of the MTJ
dev1ce in the low bias voltage region onto Equation (2), the helght ct) of the

tunnel barrler can be simply and yet accurately estimated.

[0053] F1g 6 shows a typical magnetoresistance curve of the
Fe(OOl)/MgO(OOl)/Fe(OOl) MTJ device produced by the above-described
method. The MR ratio is 146% at the measurement temperature of 20K and
88% at the measurement temperature of 293K. These values represent the
highést MR ratios that have so far been obtained at room temperature. Such

high MR ratios cannot be explained by the spin polarization of the Fe(001)
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electrode and is thought rather to be related to a coherent spin-polarized
\tuﬁhéling. When 160 prototype MTdJ devices were made, the variations
regarding the MR ratio and tunneling resistance value were not more than
20%. The yield of the MTdJ 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 MTJ device was on the order of a few

kQum2, which is suitable for MRAM.

[0054] Fig. 7(a) shows the bias voltage dependency of the MR ratio at room
temperature.. It Wﬂl be seen that the bias voltage dependency of the MR ratio
is fairly small. Although the characteristics are asymmetric, the voltage Vhair
at which the MR ratio is reduced in half of the zero-bias value is 1250 mV,
whichis a very high value. In this connection, it is noted that the voltage
Vhaif at which the MR ratio is reduced in half of the zero-bias value in the
conventional- MTJs with Al-O tunnel barrier is 300 to 600 mV. Fig. 7(b)
shows the output voltage Vou of the MTJ device (=bias voltage x (Rap -
Rp){Rap). The maximum value of the output voltage Vour is 380 mV with a
i)os'i'ti:ve' bias. This value is about twice as large as that (a little less thaﬁ 200
rran)'viVn the ‘c,ase. of‘the Al-O barrier. These high values in terms of both MR
f‘afid and outpuf voltage suggest the effectiveness of the technique according

to the presentlembodiment.

[0055] Although in the above-described embodiment Fe(001) of BCC was
employed, an Fe alloy of BCC, such as an Fe-Co alloy, Fe-Ni alloy, or Fe-Pt

alloy, may be used instead. Alternatively, a layer of Co or Ni with the
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thickness of one or several monoatomic layers may be inserted between the

electrode layer and the MgO(001) layer.

[0056] Hereafter, a MTJ device according to‘a second embodiment of the
invention and a method of manufacturing the same will be described. In the
mett.hod of manufacturing a Fe(001)/MgO(001)/Fe(001) MTJ device according
to ‘t.he presént embodiment, MgO(001) is initially deposited in a
poly-crystalline or amorphous state by sputtering or the like, and then an
annealing process is performed such that a poly-crystal in which the (001)
crystal plane is preferentially oriented or a single-crystal is obtained. The
sputteringconditions were such that, for example, the temperature was room
temperature (293K), a 2-inch ¢ MgO was used as a target, and sputtering was
conducted in an Ar atmosphere. The acceleration power wash200 W and the
growth ‘r\atie WélS 0.008 nm/s. Because MgO that is deposited un‘der thesé
conciitiori% 1s 1n an amorphous state, a crystallized MgO was obtainéd by
ihcreasing t_he temperature to 300°C from room temperature and

maintaining that temperature for a certain duration of time.

[0057] Oxygen. vacancy defects may be introduced by a method whereby
oxygéh vacancy defects is produced during growth, a method whereby oxygen
vacancy defects'is introduced subsequentiy, or a method whereby-a state with
oxygen vacancy defects is subjected to an oxygen plasma pvr(')(v:éss or natural

oxidation so as'to-achieve a certain oxygen deficit level.

[00\58‘] As déscfibed above, in accordance with the MTJ device technology of

the present -embodiment, an annealing process is carried out for
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crystallization after an amorphous MgO has been deposited by sputtering,

thereby elimin‘afing the need for large-sized equipment.

[0059] H_ereéfter, a MTJ device according to a variation of the embodiments
_of the invention will be described with reference to the drawings. Fig. 11
shows the structure of the MTJ device according to the variation, which
corresponds to Fig. 1(B). As shown in Fig. 11, the MTJ device of the variatidn
is characterized in that, as in the MTJ device of the above-described
embodiments, the electrodes disposed 6n either side of a single-crystal
MgO(001) layer 503 or an oxygen-deficit poly-crystal Mg.O,‘; (0<x<1)in
which the (001) cry.stal plane is preferentially oriented comprises an
arﬁo‘rphqus ferromagnetic alloy, such as CoFeB layers 501 and 505. The
a;ﬂorphous ferfomagnetic alloy can be formed by evaporation or sputtering,
‘fo.r.vexa'mple. T.he g‘esultant characteristics are substantially identical to

those of the first embodiment.

[0060] As the amorphous magnetic alloy, FeCoB, FeCoBSi, FeCoBP, FeZr,
and CoZr may be used, for example. Although an anneal process after the
preparation of the MTJ device might cause the amorphous’magnetic alloy in
fhe 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
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example, the ﬂeight of the tunnel barrier may be adjusted by doping Ca or Sr,
" instead of introducing an oxygen vacancy defects to the MgO layer. Further,
while the MgO layer has been described to be deposited by electron-beam
evaporation or sputtering, it should be obvious that other deposition methods
are also possible. The term “high vacuum” refers to values on the order of no
more than 106 Pa in the case where oxygen is not introduced, for example. In
the case where oxygen is introduced, the term refers to values on the order of

104 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 bé increased. At the same time, the resistance value of the
MTJ device can be reduced so that it is optimized for MRAM. The invention
thus enables the level of integration of MRAM using the MTJ device to be
readily increased. In accordance with the invention, the output voltage value
of the MRAM roughly doubles over prior art, making the MTJ device of the

invention suitable for very large scale integrated MRAMs of gigabit class.
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What'is claimed is:
1. A method of manufacturing a magnetoresistive device, comprising:

preparing a substrate;

depositing a first ferromagnetic material layer being amorphous above the
substrate;

forrﬁing an amorphous magnesium oxide layer on the first amorphous
ferromagnetic material layer and then crystallizing the amorphous magnesium
oxide layer by annealing so as to form a tunnel barrier layer comprising a
poly-crystalline magnesium oxide layer in which (001) crystal plane is
prgfe:emially oriented; and

depositing a second ferromagnetic material layer on the tunnel barrier layer.

2. The method of manufacturing a magnetoresistive device according to claim.1,
wherein the magnesium oxide layer has oxygen vacancy defects.
3. The method of manufacturing a magnetoresistive device according to claim 1,

wherein the ferromagnetic material layers each comprises an Fe-based

alloy.
4. The method of manufacturing a magnetoresistive device according to claim 3,
wherein the alloy is CoFeB alloy.
5. The method of manufacturing a magnetoresistive device according to claim 1,

wherein the method further comprises:
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10.

annealing to partially or entirely crystallize the amorphous ferromagnetic

material layer.

The method of manufacturing a magnetoresistive device according to claim 5,

wherein the ferromagnetic material 1s an Fe-based alloy.

The method of manufacturing a magnetoresistive device according to claim 6,

wherein the alloy is CoFeB alloy.

A half bfsduct of a magnetoresistive device comprising:
- a fir‘st amorphous ferromagnetic material layer;
a tl‘mu.nel barrier layer comprising a poly-crystalline magnesium oxide layer

in ;vflli;:ll (001) crystal plane is preferentially oriented and which magnesium

oxide layer has oxygen vacancy defects; and

a second amorphous ferromagnetic material layer.

A tunnel barrier layer deposited on an amorphous ferromagnetic material layer,
wherein the tunnel barrier layer comprises a poly-crystalline magnesium

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

The tunnel barrier layer deposited on an amorphous ferromagnetic material layer
according to claim 9,

wherein the magnesium oxide layer has oxygen vacancy defects.
22
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11.

12.

13.

14.

* The tunnel barrier layer deposited on an amorphous ferromagnetic material layer

according to claim 9,

wherein the ferromagnetic material is a Fe-based alloy.

A tunnel barrier layer comprising a magnesium oxide layer on a ferromagnetic
material layer,‘
wherein the magnesium oxide layer comprises a poly-crystalline
magnesium oxide layer in which (001) crystal plane is preferentiélly oriented,
. the magnesium oxide layer has oxygen vacancy defects, and
the ferromagnetic material layer comprises Fe or a Fe-based alloy of the
BCC struct;.lre_v and comprises a poly-crystalline layer in which (001) crystal plane

is preferentially oriented.

A tunnel barrier layer comprising a magnesium oxide layer on a ferromagnetic
material layer according to claim 12,
wherein the magnesium oxide layer has a potential barrier height in the

range of 0.2 to 0.5 eV.

A inagﬁetldyesistive device having a magnetic tunnel junction structure
cofnprisiné:_

a first ferromagnetic material layer of the BCC structure;

a tunnel barrier layer; and

zi sécond ferromagnetic material layer of the BCC structure;

wherein the tunnel barrier layer comprises a poly-crystallirie magnesium
oxide layef .in which (001) crystal plane is preferentially oriented,
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15.

16.

the magnesium oxide layer has oxygen vacancy defects,
a magnetoresistance ratio of the device is more than 70%, and

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

The magnetoresistive device according to claim 13,
wherein the first and second ferromagnetic material layer comprises Fe or
a Fe-based alloy and comprises a poly-crystalline layer in which (001) crystal

plane is preferentially oriented.

A magn‘é‘tiic_multilayer film comprising :

a fifst ferromagnetic material layer;

a poly-crystalline magnesium oxide layer in which (001) crystal plane is
preferentially oriented, the magnesium oxide layer having oxygen vacancy
defects; h

é éé;ond ferromagnetic material layer; and

fhe first and second ferromagnetic material layers comprising Fe or a
Fe-based ailoy o-f. the BCC structure and comprising a poly-crystalline layer in

whi.ch“ (001) crystal plane is preferentially oriented.

24

WD EX1004
Western Digital v IP Bridge

Page 32



Abstract of the Disclosure

The output voltage of an MRAM 1is increased by meané of an
Fe(001)/MgO(001)/Fe(001) MTJ device, which is formed by microfabrication
of a sample prepared by the following steps. A single—crystalliﬁe MgO (001)
substrate 11 is prepared. An epitaxial Fe(001) lower electrode (a first
electrode) 17 with the thickness of 50 nm is grown on a MgO(001) seed layer
15 at room temperature, followed by annealing under ultrahigh vacuum (2 x
108 Pa) and at 350°C. AMgO(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(QOl) upper
qleqtrode _(a Avsévc‘c‘)nd velectrode) with the thickness of 10 nm is then fofmed o’n
tﬁé MgO(OOl) Barrier layer 21 at room temperature. This is succeésively
fo.ll;)v_ve:d byvt”hé.dveyaposition of a Co layer 21 with the thickness of 10 nm on the
Fe(.(:)Ql). uppveru electrode (the second electrode) 23. The Co layer 21 is
i)rox‘}idecvl S0 as to ‘in.crease the coercive force of the upper electrode 23 in order

to realize an antiparallel magnetization alignment.
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MAGNETIC TUNNEL JUNCTION DEVICE AND METHOD OF MANUFACTURING

THE SAME

[0001] CROSS-REFERENCE TO RELATED APPLICATION

[000’2] The present application 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. Priority is claimed from U.S.
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. 2004-071186 and 2004-313350 filed March 12,
2004 and October 28, 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
an‘d:a method of manufacturing the same, particularly to a magnetic tunnel
juﬁction d.evicév with a high magnetoresistance and a method of

mahufacturing the same.
[0006] Description of Related Art

[0007] Magne.-to.resistive random access memories (MRAMs) refer to a

largerscale .integrated memory circuit that is expected to replace the
1
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‘currently widely used DRAM memories. Research and development of MRAM
devices, which are fast and non-volatile memory devices, are being
extensively carried out, and sample products of a 4Mbit MRAM have actually

been delivered.

[0008] Fig.- 8 shows the structure and operation principle of a magnetic
tunhel junction- device (to be hereafter referred to as a “MTJ device"’), which
is the most imf)ortant 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 as a “barrier layer”) made of an oxide is sandwiched
between a first and a second electrode made of a ferromagnetic metal. The
tunnel barrier layer comprises an amorphous Al-O layer (see Non-Patent
Document 1). As shown in Fig. 8(A), in the case of parallel magnetization
ahgnment Where the directions of magnetizations of the flrst and second
ferromagnetlc electrodes are aligned parallel, the electric reswtance of the
dev1ce with respect to the direction normal to the interfaces of the tunnehng
Ju_rtctlon‘ structure decreases. On the other hand, in the case of antiparallel
moéhetiz‘ation" elignment where the directions of magnetizations of the first
ahd second fertoxhagnetic electrodes are aligned antiparallel as shown in Fig.
8(B),‘ the electric_ resistance with' respect to the direction normal to the
tnteffecee o‘f the tunneling junction structure increases. The resistance
velhe does not change in a general state, so that information “1”»01‘ f‘O” can be
stored dependlng on whether the resistance value is high or not. Since the
parallel and ant1paralle1 magnetization alignments can be stored in a

non volatlle fashlon the device can be used as a non-volatile memory device.
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[0609] 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
bircuit block diagram. Fig. 9(C) is a cross-section of an example of the
structure of the MRAM. Referring to Fig. 9(A), in an MRAM, a word line WL
vandv.a bit line BL are disposed in an intersecting mannér, with an MRAM cell
disbosed at each intersection. As shown in Fig. 9(B), the MRAM cell disposed
at fhe intersection of é word line and a bit line comprises a MTd device and a
MOSFET direcfly connected to the MTJ device. Stored information can be
read by readlng the resistance value of the MTJ device that functions as a
load resmtance usmg the MOSFET. The stored information can be rewritten
by applymg a magnetlc field to the MTJ device, for example As shown in Fig.
9(C) an MRAM memory cell comprises a MOSFET 100 1nclud1ng a source
reglon 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
dev1ce 117. The source region 105 is grounded, and the drain is connected to
a b1t 11ne BL via the MTJ 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 MRAMs are therefore

suitable"w'heré‘high levels of integration are required.

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

[0013] Althouéh there are prospects for achieving MRAMs with capacities on
the order of 64Mbits based on the current technologies, the characteristics of
the MTJ device, which is the heart of MRAM, needs to be improved if higher
levels of integration are to be achieved. In particular, in order to increase the
output voltage of the MTJ device, the magnetoresistance must be increased
and the bias voltage characteristics must be improved. Fig. 10 illustrates
how the magnetoresistance in a conventional MTJ device wusing an
amorphous Al-O as the tunnel barrier changes as a furllction of the bias
voltage (Ll) As shown, in the conventional MTJ device, the
magnetores1stance is small and, notably, it tends to drastically decrease
upen_epphcatlon of bias voltage. With such charactemstlcs, the output
voltage when operatlon margins are taken into consideration is too small for
the dev1ce to be employed for an actual memory device. Specifically, the
rgaénetoresxstance of the current MTJ device is small at app_roximately 70%,
and the output voltage is also small at no more than 200 mV Which 18
substantlally half the output voltage of a DRAM. This has resulted in the
problem that as the level of integration increases, signals are increasingly
IQSf”l‘I“l nm_se' ‘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
Iy ‘ 4 . .
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layer; a first ferromagnetic material layer of the BCC structure formed on a
’ first side of the tunnel barrier layer; and a second ferromagnetic material
layer of the BCC structure formed on a second side of the tunnel barrier
layer, wherein the tunnel barrier layer is formed by a single-crystal MgOy
(001) layer or a poly-crystalline MgOx (0 < x < 1) layer in which the (001)

crystal plane is. preferentially oriented.

~[00'16] The invention further provides a magnetoresistive device comprising
a mégnetic tunnel junction structure comprising: a tunnel barrier layer
comprising' MgO(001); a first ferromagnetic material layer comprising
Fe(001) formed on a first side of the tunnel barrier layer; and a second
ferromagnetic material layer comprising Fe(001) formed on a second side of
the ‘tunnel ‘barrier layer, wherein the MgO layer is formed by a
single-crystalline MgOx (001) layer or a poly-crystalline MgOx (0 < x < 1)
layer in which the (001) crystal plane is preferentially oriented. In a

prefepred embddiment, 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 .ene‘r‘gy of the Fe(001) layer is smaller than an ideal value of a
berfeqt ’singletcrystal without .defect. These features increase the
ﬁlag'rite‘tores_i.st'&-;'née and thereby allow the output voltage of the MTJ device to
be ‘increésed_. B& 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) léyer on the substrate; depositing a tunnel barrier layer on the

5
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first Fe(001) layer by electron beam evaporation under high vacuum, the
tunnél barrier layer comprising a single-crystalline MgOx (001) or a
poly-crystalline MgOx (0 < x < 1) in which the (001) crystai plane is
breferentially oriented; and forming a second Fe(001) layer on the tunnel

barrier layer.

[0018] The inveﬁtion furthermore provides a method of manufacturing a
MTJ device comprising a first step of preparing a substrate comprising a
single'ci‘ystalline MgOx(001) or a poly-crystalline MgOx (0 < x < 1) in which
the (001).crystal plane is preferentially oriented, a second step of depositing
a first Fe(001) layer on the substrate and pe;‘forming an annealing process to
make the surface flat, a third step of depositing a tunnel barrier layer on the
firs-t'*Fe(OOl)‘léyer by electron beam evaporation, the tunnél barrier layer
‘c'om"p"rising a single-crystalline MgO4(001) or a poly-crystalline MgOyx (0 < x <
1) in Wthh the (001) crystal plane is preferentially oriented, and a fourth
atep of formlng a second Fe(001) layer on the tunnel barrier layer. The
method may further comprise the step of growing a seed layer between the
flrst and the second steps, the seed layer comprising a single-crystalline
MgO;(OOtl) or a poly-crystalline MgOx (0 < x < 1) in which the (001) crystal
plane is preferentlally oriented. The MgO layer may be deposnted using a
’carget with the value of x in Mng adjusted. The value ofx in Mng may be

adJusted in the step of forming the MgO.

[0019]'In "yet-another aspect, the invention provides a magnetoresistive
device comprising a magnetic tunnel junction structure comprising a tunnel
barriér layer comprising MgO(001), a first ferromagnetic material layer

6
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éomprising an amorphous magnetic alloy formed on a first sideof the tunnel
barriér layer, and a second ferromagnetic material layer comprising an
'amv‘orphous magnetic alloy formed on a second side of the tunnel barrier
layér, wherein the discontinuous value (the height of the tunnel barrier)
between the bbttom of the conduction band of the MgO(001) layer and the
Férrnnyi 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]V BRIEF DESCRIPTION OF THE DRAWINGS

[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)/Mg0O(001)/Fe(001) structure (to be hereafter
referred to as a “Fe(001)/Mg0O(001)/Fe(001) MTJ device”) according to an
eiﬁbd‘dimeht' of the invention.

[0023] F1g 3(A) shows a RHEED image of a Fe(001) lower electrode (a first
élect.rod‘e), 'énd Fig.. 3(B) shows a RHEED image of a MgO(001) barrier layer.

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

the deposition chamber during the MgO evaporation.

7
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[002"5] 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 Vout of the MTJ device

(=bias voltage x (Rap-Rp)/Rap).

>[0028]‘Fig. 8 shows the structure of the MTJ device and its operating

principle.

[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 Vbials voltage.

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

the invention, corresponding to Fig. 1(B).
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[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 in¢ludes the BCC structure with no chemical ordering so-called
A2-~t‘;ype structure, the BCC structure with chemical ordering such as B2-type
s’tlé'lvl:ci;re Jand Lzljtype structure, and also the aforementioned structures with

slight lattice distortion.

[0084] The term “ideal value” with regard to a perfect single-crystal without
defect herein refers to a value that has been estimated from ultraviolet
photoemission- spectroscopy experiments (see W. Wulfhekel, et al.: Appl.
Phys. Lett. 78 (2001) 509.). The term “ideal value” is used herein because the
aforementioned state can be considered to be an upper limit value of the
potential barrier height of the tunnel barrier of an ideal single-crystal MgO

with hardly any oxygen vacancy defect or 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-MTJ device can be expressed by the following equation:

[0036] AR/Rp = (Rap — Rp)/Rp
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_ [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 canvbe_iexpressed by:

[0038] MR rat.io = (Rap — Rp)/Rp = 2P P2/(1-P1P>), and
[0039] Pa = (Da T (Er) - Da 4 (Ep)/(Da T (Er) + Da 4 (Ep),
[0040] where o = 1, 2 (1)

[0041] In the above equatmns Pa is the spin polarization of an eleétrode and
Da T (EF) and Da { (Ep) are the density of state (DOS) at the Ferm1 energy
(Er) of the majority-spin band and the minority-spin band, respectively.
Since the spin polarization of ferromagnetic transition metals and alloys is
approximately .0.5 or smaller, the Jullire’s formula predicts a highest

estimated MR ratio of about 70%.

[0042] Although the MR ratio of approximately 70% has been obtained at
room tempefature when a MTJ device was made using an amorphous Al-O
tunnel barrier and polycrystalline electrodes, it has been difficult to obtain
'the.:'o‘u\tpvﬁt 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 bai‘rier corﬁprises a single-crystal (001) of magnesium oxide (MgO) or
a poly-crystalline MgO in which the (001) crystal plane is preferentially

oriented. It is the inventors’ theory that, because magnesium oxide is 4

10
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'érifs"t‘el (where the atoms are arranged in an orderly fashion), as opposed to
the conventional amorphous Al-O barrier, the electrons are not scattered and
the coherent states of electrons are concerved during the tunneling process.
Fig. 1(B) shows the MTJ device structure according to an embodiment of the
invention. Fig. 1(A) shows the energy band structure of the ferromagnetic
_Fe(OOl), 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)
layel' »5‘, and a eing_le-crystalline MgO, (001) layer 3 or a poly-crystalline MgOx
(‘0'< X < i) iayer 3 sandwiched therebetween, the polycrystalline layer having
the (001) Crystal plane preferentially oriented therein. According to the
aforementloned Julhre s model, assummg that the momentum of the
condnpt;on electrons is preserved in the tunneling process, the tunneling
enrrent that passes through MgO would be dominated by those electrons with
wave vector k. in the direction perpendicular to the tunnel ba1 rier (normal to
the Junctmn 1nterfaces) In accordance with the energy band dlagram shown
in Flg 1(A) of Fe in the [001] (T-H) direction, the density of state (DOS) at the
' Fe1 mi energy Ep does not exhibit a very high spin polar1zat10n due to the fact
that the sub bands of the majority-spin and the minority-spin have states at
the Ferm1 energy EF However, in case the coherent states of electrons are
conserved in the tunneling process, only those conduction electrons that have
totally symmetrlcal wave functions with respect to the axis perpendicular to
the ‘b_arrier vfould be coupled with the states in the barrier region. end come to
have a finite .tun‘neling probability. The Al band in the Fe(f)Ol)'electfode hds.
suold\totall.y syn}metric wave functions. As shown in Fig. 1(A), the majority

11
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spinﬁ Al band (solid line) has states at the Fermi energy Er, whereas the
\’ minority spin Al band (broken line) does not have state at the Fermi energy
Ep 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
f)ola;'ized tunneling. Since in an epitaxial (single-crystal, or (001) oriented
polly'crystal) MTJ device the scattering of electrons is suppressed during the
tunneling proces‘s, 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 (001)/MgO(001)/Fe(001)
structure according to the embodiment (to be hereafter referred to as a
“'Féi(OO1)/Mg0(001)/Fe(001) MTJ device”). Fe(001) refers to a ferromagnetic
material with the BCC structure. First, a single-crystal MgO(001) substrate
11 was prepared. In.order to improve the morphology of fhe surface of the
smgle crystal MgO(OOl) substrate 11, a MgO(001) seed layer 15 was grown by
the molecular beam epitaxy (MBE) method. This was subsequently followed
by the growth of an epitaxial Fe(001) lower electrode (first electrode) 17 with
the thickness of 50 nm on the MgO(001) seed layer 15 at room temperature,
as shown in F1g 1(B) and then annealing was performed at 350 C under
u1t1 ahlgh vacuum (2 x 108 Pa). Electron-beam evaporatlon conditions
1nc1uded an acceleratlon voltage of 8 kV, a growth rate of 0.02 nm/sec, and the

glowth tempe1 ature of room temperature (about 293K). The source material

12
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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 108 Pa, and the O
'pa?tiél preésuré was 1 x 106 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 the Fe(001) lower electrode (first electrode)
17 possesses-'a- good crystallinity and flatness. Thereafter, a MgO(001)
barrier layer .21 with the thickness of 2 nm was epitaxially grown on the
Fe(001) lower electrode (first electrode) at room temperatﬁre, aisé using the
Mgb electron-beam evaporation method. Fig. 3(B) shows a RHEED image of
the MQQ(OOl‘)'barrier layer 21. The image shows that the MgO(001) barrier

layer 21 also possesses a good crystallinity and flatness.

[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
(seéond electrode) 23. The Co layer 25 is provided to increase the coercive
force of the upper electrode 23 so as to realize the antiparallel magnetization
alignment. "The thus prepared sample was then processed by
microfabrication techniques to obtain the Fe(001)/MgO(001)/Fe(001) MTJ

device.

13
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[00;17] The aforementioned MgQO evaporation using an electron beam
in\;clved 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‘»‘tne thickness of 300 nm, was colorless and transparent, showing that a
gocd crystal film was formed. Fig. 4 shows the results of observing the
quedrupole mass spectra in the deposition chamber during the MgO growth.
The results show that the partial pressures regarding the spectrum P1 of O
and the spectrum P2 of Oz are high. Fig. 5 shows the film deposition rate
dependency of the oxygen partial pressure during MgO evaporation. It will
be seen from the flgure that the oxygen partial pressure itself is high, and
that the oxygen partlal pressure increases as the deposition rate increases.
These results 1nd1cate the separation of oxygen from MgO during the
deposxtlon of MgO Since the separated oxygen is pumped out of the
deposxmon chamber using vacuum pumps, there is the possibility that there
are oxygen vacancy defects such as MgOx (0.9 <x < 1). When there are oxygen
vacancy defects the potential barrier height of the MgO tunnel barrler 1s
thought to decrease (such as in the range of 0.10 to 0.85 eV; more spemflcally,
0. 2 to 0. 5 eV) Wh1ch is thought to result in an increase in the tunneling
cunent In the case of a typical Al-O tunnel barrier, the height of the tunnel
barner with respect to Fe(001) electrodes is considered to be 0.7 to 2.5 eV An
ideal tunnel barrler 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
prelsenbt. embodiment of the invention, a tunnel barrier height of
approxunately 0 3 eV is expected, indicating that the re51stance of the tunnel
barrler can be lowered However, it should be noted that other factors such

14
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as the influence of the‘aforementioned coherent tunneling, might also be
involved. The value of x in MgOy due to oxygen vacancy defects is such that
0.98 < x <1, and more preferably 0.99 < x < 1. These are the ranges such that
Lhe 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
bet‘ween 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 inethod. The fitting was performed using the free electron mass
(m'= 9.11 x 1031 kg) as the electron’s effective mass. When 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
bajrﬁer and the effective thickness As of the tunnel barrier can be
simulﬁaneousiy 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 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
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interface between the MgO(001) layer and the alloy layer consisting mainly of

”Fe'_ and Co.

[0050] It is noted that, in the event that tmgo can be accuratély determined
using the cross-sectional transmission electron microscope (TEM) image, the
height ¢ of the tunnel barrier can be more simply determined by the following
techhiqué. Namely, when the bias voltage V applied to the MTJ device is
small (normally 100 mV or smaller), the tunnel current density J is
proportional to the bias voltage V, such that the J-V characteristics become
linear. = In such a low-bias voltage region, the Simmons’ formula can be

described as follows:
[0051] J' = [(2m¢)1/2/As](e/h)? x exp[-(4nAs/h) x (2m¢)1/2] x V : (2)

[OOéé] wher\e m is the mass of the free electron (9.11 x 103! kg), e is the
’eleﬁ\le‘nta'ry electric charge (1.60 x 10'19C), and h is the Planck’s constant
(.6.'63 X .10'34 J.s). The effective thickness of the tunnel barrier As is
fappfoximately_ tmMgo — 0.5 nm. By fitting the J-V characteristics of the MTJ
devi.c_e in the low-bias voltage region onto Equation (2), the height ¢ of the

!

t_unnel barrier can be simply and yet accurately estimated.

[00?3] Fig. 6 shows a typical magnetoresistance curve of the
bFe"(dOl)/Mg(ﬁ)(OO‘l)/Fe(OO1) MTJ device produced by the above-described
method The MR ratio is 146% at the measurement temperature of 20K and
88%“ at :'the mé’ésurement temperature of 293K. These values represent the
highest MR ratios tﬁat have so far been obtained at room temperature. Such

high MR ratios cannot be explained by the spin polarization of the Fe(001)
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éleqfrode and ’is thought rather to be related to a coherent spin-polarized
tuﬁ_;leling. : 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 yalues suggest the effectiveness of the approach of the invention.
The resistance-area (RA) product of the MTJ device was on the order of a few

kQum?, which is suitable for MRAM.

[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 ratio
i‘s féirly small. Although the characteristics are asymmetric, the voltage Vhait
at which. the MR ratio is reduced in half of the zero-bias value is 1250 mV,
whiéh 'is‘a‘e-Ve'ry high value. In this connection, it is noted that the voltage
Vhair at which tﬁe MR ratio is reduced in half of the zero-bias value in the
conventional MTJs with Al-O tunnel barrier is 300 to 600 mV. Fig. 7(b)
shows the output voltage Vout of the MTJ device (=bias voltage x (Rap -
Rp)/Rap) The maximum value of the output voltage Vout is 380 mV with a
p081t1ve blas ThlS 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
1at10 and output voltage suggest the effectiveness of the technique accordmg

to the present embodlment

[0055] Although in the above-described embodiment Fe(001) of BCC was
employed, an Fe alloy of BCC, such as an Fe-Co alloy, Fe-Ni alloy, or Fe-Pt

alloy, may be used instead. Alternatively, a layer of Co or Ni with the
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thickness of one or several monoatomic layers may be inserted between the

"electrode layer and the MgO(001) layer.

[0056] Hereafter, a MTJ device according to a second embodiment of the
invention and a method of manufacturing the same will be described. In the
method of manufacturing a Fe(001)/MgO(001)/Fe(001) MTJ device according
to | the present embodiment, MgO(001) is initially deposited in a
poly-crystalline or amorphous state by sputtering or the like, and then an
annealing process is performed such that a poly-crystal in which the (001)
crystal plane is preferentially oriented or a single-crystal is obtained. The
sputteriog-c‘ond‘itions were such that, for example, the temperature was room
temperatore (293K), a 2-inch ¢ MgO was used as a target, and sputtering was
conducted in eoAr atmosphere. The acceleration power was 200 W and the
growth rate was 0.008 nm/s. Because MgO that is deposited under these
cond1t10ns 1s in an amorphous state, a crystallized MgO was obtained by
mc1easmg the temperature to 300°C from room temperature and

mamtammg that temperature for a certain duration of time.

[0057] Oxygen vacancy defects may be introduced by a method whereby
OXYgen v'a"c'ancyrdefects 18 pr‘oduced during growth, a method whereby oxygen
vacancy defects is introduced subsequently, or a method whereby a state Vtrith
| oxygen vacancy defects is subjected to an oxygen plasma process or natural

oxidation so as to achieve a certain oxygen deficit level.

[0058] As descrlbed above, in accordance with the MTJ dev1ce technology of

the present embod1ment an annealing process 1is carried out for
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crystallization after an amorphous MgO 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
of‘t:he invention will be described with reference to the drawings. Fig. 11
sh\;)‘.ws the strli'cture of the MTJ device according to the variation, which
cofresponds to Fig. 1(B). As shown in Fig. 11, the MTJ device of the variation
ié 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 MgOx (0 < x < 1)'in
W‘h’i(;h the-(OOl) crystal plane is preferentially oriented comprises an
amorphous ferromagnetlc alloy, such as CoFeB layers 501 and 505. The
amorphous ferromagnetlc alloy can be formed by evaporatlon or sputtering,
fqr example.‘ »The resultant characteristics are substantially identical to

those of the first embodiment.

[0060] As the amorphous magnetic alloy, FeCoB, FeCoBSi, FeCoBP, FeZr,
and CoZr may be used, for example. Although an anneal process after the
preparation of the MTJ device might cause the amorphous magnetic alloy in
the electrode layers to be partially or entirely crystallized, this would not
lead to a.signific‘ant deterioration of the MR ratio. Thus,_ such a crystallized

amorphous magnetic alloy may be used in the electrode layers.

[0061] Whlle the MTJ device according to various embodiments of the
1nvent10n 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
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example, the héight of the tunnel barrier may be adjusted by doping Ca or Sr,
"inslte‘ad of introaucing an oxygen vacancy defects to the MgO layer. Further,
while the MgO layer has been described to be deposited by electron-beam
évaporation or sputtering, it should be obvious that other deposition methods
afe also possible. The term “high vacuum” refers to values on the order of no
more than 10°6.Pa in the case where oxygen is not introduced, for example. In
the case where oxygen is introduced, the term refers to values on the order of

104 Pa.

[0062] In accordance with the invention, a larger magnetoresistance than in
thé’vcc')rivention-al MTJ device can be obtained, and the output voltage of the
MTJ device can be increased. At the same time, the resistance value of the
MTJ device can be reduced so that it is optimized for MRAM. The invention
thus enables. the level of integration of MRAM using the MTJ device to be
readily increased. In accordance with the invention, the output voltage value
of the MRAM roughly doubles over prior art, making the MTJ device of the

invention suitable for very large scale integrated MRAMs of gigabit class.
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What is claimed is:’

1.

A method of manufacturing a magnetoresistive device, comprising:

pfeparing a substrate;

depositing a first ferromagnetic material layer being amorphous above the
substrate;

forming an amorphous magnesium oxide layer on the first amorphous
ferromagnetic material layer and then crystallizing the amorphous magnesium

oxide layer by annealing so as to form a tunnel barrier layer comprising a

poly-crystalline magnesium oxide layer in which (001) crystal plane is

preferentially oriented; and

depositing a second ferromagnetic material layer on the tunnel barrier layer.

The method of manufacturing a magnetoresistive device according to claim 1,

wherein the magnesium oxide layer has oxygen vacancy defects.

The method of manufacturing a magnetoresistive device according to claim 1,

wherein the ferromagnetic material layers each comprises an Fe-based

ziilovy.i

The method of manufacturing a magnetoresistive device according to claim 3,

wherein the alloy is CoFeB alloy.

The method of manufacturing a magnetoresistive device according to claim 1,

wherein the method further comprises:
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10.

. annealing to partially or entirely crystallize the amorphous ferromagnetic

material layer.

The method of manufacturing a magnetoresistive device according to claim 5,

wherein the fefromagnetic material is an Fe-based alloy.

The method of manufacturing a magnetoresistive device according to claim 6,

wherein the alloy is CoFeB alloy.

A half b‘roduct of a magnetoresistive device comprising:
o a first amorphous ferromagnetic material layer;
a tunne] barrier layer comprising a poly-crystalline magnesmm ox1de layer
m.whlch (001) crystal plane is preferentially oriented and which magnesium
oxide layer has oxygen vacancy defects; and

a second amorphous ferromagnetic material layer.

A tunnel barrier layer deposited on an amorphous ferromagnetic material layer,
wherein the tunnel barrier layer comprises a poly-crystalline magnesium

oxide léyer in which (001) crystal plane is preferentially oriented.
The tunnel barrier layer deposited on an amorphous ferromagnetlc mater1a1 layer

accordmg to claim 9,

whereln the magnesium oxide layer has oxygen vacancy defects.
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1.

12.

13.

14.

The tunnel barrier layer deposited on an amorphous ferromagnetic material layer
according to claim 9,

wherein the ferromagnetic material is a Fe-based alloy.

A tunnel barrier layer comprising a magnesium oxide layer on a ferromagnetic
material layer,

wherein the magnesium oxide layer comprises a poly-crystalline
magnesium oxide layer in which (001) crystal plane is preferentially oriented,

the magneswm oxide layer has oxygen vacancy defects and

the ferromagnetic material layer comprises Fe or a Fe-based alloy of the
BCC structure and comprises a poly-crystalline layer in which (001) crystal plane

is preferentially oriented.

A tunnel barrier layer comprising a magnesium oxide layer on a ferromagnetic
material layer according to claim 12,
wherein the magnesium oxide layet has a potential barrier height in the

range of 0.2 to 0.5 eV.

A magnetoresistive device having a magnetic tunnel junction structttrfuzuv
_contpering:
B ‘a f{tst ferromagnetic material layer of the BCC structure;
- a ttlr'.l.nelibarrier layer; and
aFSCCOIld. ferromagnetic material layer of the BCC structure;
wherein the tunnel barrier layer comprises a poly-crystalline magnesium
oxide layet in which (001) crystal plane is preferentially oriented,
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15.

16.

the magnesium oxide layer has oxygen vacancy defects,
a mégnetoresistance ratio of the device is more than 70%, and

an outpuf voltage of the device is more than 200mV.

The maghetoresistive device according to claim 13,
wherein the first and second ferromagnetic material layer comprises Fe or
a Fe-based alloy and comprises a poly-crystalline layer in which (001) crystal

plane is preferentially oriented.

A magnetic mwultilayer film comprising :

a fi.r.sit fe~rromagnetic material layer;

é péiy—crystalline magnesium oxide layer in which (001) crystal plane is
preferentially oriented, the magnesium oxide layer having oxygen vacancy
defects;‘

a second ferromagnetic material layer; and

the ﬁrst and second ferromagnetic material layers cdmprising Feora
Fe-based alloy of the BCC structure and combrising a poly-crystalline layer in

which (001) crystal plane is preferentially oriented. ~
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Abstract of the Disclosure

" The output voltage of an MRAM is increased by means of an
Fe(001)/Mg0O(001)/Fe(001) MTJ device, which is formed by microfabrication
of a samplel prepared by the following steps. A single-crystalline MgO (001)
substrate 11 is prepared. An epitaxial Fe(001) lower eiectrode (a first
electrode) 17 with the thickness of 50 nm is grown on a MgO(001) seed layer
15 at room temperature, followed by annealing under ultrahigh vacuum (2 x
108 Pa) and at 350°C. A MgO(001) barrier layer 21 with the thickness of 2 nm
is epitaxially formed on the Fe(001) lower electrode (the first electrode) at
room temperatulre, using a MgO electron-beam evaporation. A Fe(001) upper
electrode (a second electrode) with the thickness of 10 nm is then formed on
the MgO(OOl) barrier layer 21 at room temperature. This is successively
followed by the depos1t10n of a Co layer 21 with the thickness of 10 nm on the
Fe(OOl) upper electrode (the second electrode) 23. The Co layer 21 is
prov1ded so as to increase the coercive force of the upper electrode 23 in order

tQ Areah‘ze' an antlparallel magnetization alignment.
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Attorney’s Docket No.: \L(H?A 0 236

DECLARATION, POWER OF ATTORNEY AND PETITION

I (We), the undersigned inventor(s), hereby declare that:
My residence, post office address and citizenship are as stated below next to my name,
I (We) believe that I am (we are) the original, first, and joint (sole) inventor(s) of the

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

MANUFACTURING THE SAME

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

Application Serial No.

and amended on -

B was filed as PCT international application
Number _PCT/JP2005/004720
on__March 10, 2005
and was amended under PCT Article 19
on (if applicable).

I (We) hereby state that I (We) have reviewed and understand the contents of the
above-identified specification, including the claims, as amended by any amendment
referred to above; that I (We) do not know and do not believe that this invention was
ever known or used before my invention or discovery thereof, or patented or described in
any printed publication in any country before my invention or discovery thereof, or more
than one year prior to this application, or in public use or on sale in the United States for
more than one year prior to this application; that this invention or discovery has not been
patented or made the subject of an inventor’s certificate in any country foreign to the
United States on an appiication filed by me or my legal representatives or assigns more
than twelve months before this application.
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I (We) acknowledge the duty to disclose information known to be material to the
patentability of this application as defined in Section 1.56 of Title 37 Code of Federal
Regulations.

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

Priority
Application No. Country Filing date claimed
2004-071186 Japan March 12, 2004 B Yes O No
2004-313350 Japan October 28, 2004 B Yes [ No

O Yes [ No
B} O Yes 0O No

I hereby claim the benefit under Section 119(e) of Title 35 United States Code, of any
United States application(s) listed below.

(Application Number) (Filing Date)

(Application Number) (Filing Date)

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

And I (We) hereby appoint: Stanley P. Fisher, Registration No. 24,344 and Juan Carlos Marquez,
Registration No. 34,072.

I(We) hereby request that all correspondence regarding this application be sent to the firm of Reed
Smith LLP whose Post office address is: 3110 Fairview Park Drive, Suite 1400, Falls Church, Virginia
22042-4503 U.S.A.

I (We) declare further that all statements made herein of my (our) knowledge are true
and that all statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of
Title 18 of the United States Code and that such willful false statements may jeopardize
the validity of the application or any patent issued thereon.

Shinji YUASA v Residence: Ibaraki, Japan
NAME OF FIRST INVENTOR
/6@4 %MO& Citizen of: Japan
Signature of Inventor - Post Office Address: ¢/o National
. : Institute of Advanced Industrial Science
. August 21, 2006 and Technology, Tsukuba Central 2, 1-1,
Date Umezono 1-chome, Tsukuba-shi

Ibaraki 305-8568 Japan
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
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ATTORNEY DOCKET No. NAGI.0003

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 10/591,947 filed

on September 8, 2006, which is a National Stage Application of PCT/JP2005/004720 filed on
March 10, 2005.
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application and that no separate copies of the same prior art are required to be provided since
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§ 1.98(d). Form(s) PTO 1449 is enclosed listing references cited by the Examining Attorney and

submitted by applicant in the prior applications.
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this paper in accordance with prescribed procedures.
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paper to Deposit Account No. 12-0555.
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tian Carle§ A Marguéz—
Registration Nambet 34,072

STITES & HARBISON PLLC
1199 N. Fairfax Street, Suite 900
Alexandria, Virginia 22314
(703) 739-4900
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clo Sties & Harbison PLLG OO
1199 North Fairfax Street 000000044258 79

Suite 900
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Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
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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.
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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 and National Institute \ of Advanced Industrial Science
and Technology

Power of Attorney:

Stanley Fisher--24344

Juan Carlos Marquez--34072
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which is a 371 of PCT/JP2005/004720 03/10/2005

Foreign Applications
JAPAN 2004-071186 03/12/2004
JAPAN 2004-313350 10/28/2004
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If Required, Foreign Filing License Granted: 10/28/2010

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

is US 12/923,643
page 1 of 3

WD EX1004
Western Digital v IP Bridge
Page 74



Projected Publication Date: 02/10/2011
Non-Publication Request: No

Early Publication Request: No
Title

Magnetic tunnel junction device and method of manufacturing the same
Preliminary Class
257

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).
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date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
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(GEkIE 1)

R xIVEBEERG & b xR VBRI OF 1 HHICER Eh/2BCCHEEZHETLH 1
DOiEEARE &, BlEL b U R NVREEE OB 2HANCIER SN /2BCCBEE®FILH 20
gt RE &, 2 HETAHRA N U R VEEEHETH - T

AUGC b > OVEREEIg S, BRIEMeg O (1 00) 53 (1 00) HSEHEAMESH
ML7=ZHMEMg O x (x<1) JEITKVERENT VS Z & 2R e T 2 sl
G EREPD

MgO (100) b57%2s hrrNVEEEE L, N 2VEEEOE 1 HEANIERE L
7=Fe (100) 62551 ommtbthg s, BlECh > 2 VEEEE R 2 HANIFR S
h/izFe (100) »6225F200pMiREge., 25T 58A N 2NVEEGHETH -
<.

HlicM g OJg23, HiFfEMgOx (1 00) 5 I (1 00) FMEMIESEID L 72
ZRIEMg O x (x<1) HICKVEREINTWS Z & 2FHE T mSIhiE T
GENEED

MgO (100) 567225 bRV EEREE. b2V EEEOE 1 AR SN
7mFe¥/lIBCCHEX*FTA2FeR5L20HFN (100) Jg¥/~1x (100) 4
THIAMESCHECN U 7= 2R G H> & 72 55 1 ogsigitERlg & AL b > 2 IOVIREEg o 3 2 T
IR ENh/-Fe ¥7-IIBCCHiE2 BT AFe ROL08EH (100) JgEix (1
0 0) fEEMEHMEIHIN L -2 REN 6258 2 omREg e, 28T 5RA N2
WHEHETH - T,

FIECM g O (1 00) [EofEsy T AlicFe (100) o7 = VI DOROR
Wi (b RV EEORS) 2HFERICBIHEN LY bK< Lz e 2 e
T 5 il T,

FERIH 4 ]

AlEdNEMEIX. 0. 2~0. 5e VOHITANTH 5 Z & 248 L 3 2 3EKIH 3 1230
DT IIET.

(FERIA 5]

Bl ANWEEIZ. 0. 10~0. 85e VORIl TH AT & 2L T 53ERH3IC
ALE D ST T,

FERIH 6]

12D S0 PAFE, FNTUVRAZOAWE L THWONLERIHL®S5FETO
W LIHICEEE oS EnE T &

»HTLLEERT.

FERIH 7]

FME EfHT 5 TFEE .

FEMNMEICHE1DFe ¥/ IXBCCHEA*HTAFe RG20HMAR (100) gk~
X (1 00) MEEENEIN L -2 REE R T I TR,

Il 1 DF e $7213BCCHEi2 H TS Fe 254 ® (100) Jg hicETE—L3%k
FHEICEY, BEREMgOx (100) $50F (1 00) FMEMEIMELH L 7225
MgOx (x<1) 6722 b rrNVEERMEEEZ MICBWUERT A TR,

R RIVEEE P 20 Fe ¥ -3 BCCHEY* T TAFe L5408 (10
0) Jg¥7/2id (100) FMRBEMBERENL =ZHMREEERT 2 THE
BT 5L B S T ARTSEDIE T ol A,

(G5KIA 8]

HHEMgOx (100) 53 (100) FMEHAMENHEIN L 722Z/EMeg O x (
x<1) 6 bEMNEEHTLE 1 TFEE.

SHEMEICHE 1 DFe £/ IIBCCHER2HTAHF e 220 MH (100) 8/
X (1 00) RREMEPE AN L 2288 2L, KT, fRftolzvor=—n
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ITOH2THRE.

Rl 1D Fe ¥ -3 BCCHE2HEITAHFeRg4® (100) Jg hic@EFE— 03k
FHRCEVBEHFEEMgOx (100) H50E (1 00) FEMEAMEIGHIN L 2L2HFHEM
g0x (x<1) o4 d bR |EEEEEYEEZE MICBWTHRET LA 3 T,

SN RNVEEEE IS 2D F e ¥/2I3BCCHiE2HTA5F e 28408 EER (10
0) JgE/ix (100) FMRBHERENL -ZRBEEKRT 2584 TR
2T 52 &R L T 5SR-S k.

aERIH 9]

Al 1 TREF2IHOMIC, BFEEMg0x (100) 503 (100) &
MEAMEREIN L 722/ EMg O x (x<1) »oby—REzRETLAIREZETLZ
& A e T A EERIE 7 3 8 IcitEoRGIhiE T ol .

sERIH1 0]

BlIECHEAREMg O x (100) HAH0E (1 00) MEHEPEHEIN L 722 EMg O
x (x<1) 525 N2 NVEEREERT 2 THEPIC. MgOxox{ixfiff¥ 5T
HE2Et 2 & 2FH e 7 23RE 7 U 8 ICilH oG hiE rotls ik,
(G&RIH1 1)

HME T 5 TR &,

SHEMEICHE 1 DFe £/ IIBCCHER2HFT L Fe RG20HAH (100) J8E/-
i (1 00) FEMEPME AN L 72256 Rg 2 T 5 T L,

Al 1 DFe ¥7-I3BCCHEA2HTAHFe%itaad (100) JghicaNy &Y v
THICEOT7EN T 7 ZAM g OfEER L. 7T=—NICKVETENL T » ZAMg OfE &R
AL THEEMg O, (100) H25WE (1 00) FHEEVEIGHEINL 2Z2EHEMe
Oy (x<1) ohrdbrrVEEEERT LTS,

RN RNVEEE FICE 20 F e ¥7713BCCHEY BT AF e R4 R (10
0) J@¥72ik (100) FMABHEMMELRNL 2ZHRREEEKRT 2 TS
PHT 5L ER e TSR T oS A,

sERIH L 2]

FIEL7EN 77 AMgOfg%. Mg O xOx i FARELDO X — v e AV THERT
5 MM E T AERAL IR omSHEhiE TolE A,

aRIH 1 3]

HIEL7EN 7 7 ZAM g O2 AT 2 TFEdic, Mg O x O x{i2 BT 2IT 2SS
RV E T 5ERE 1 1 IcidiiomtiihiEz rotliEhik,
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(FHZ] HEE
(FHHOZFR] B IE T A0 7 ofliE 5k
(i o BF)

[0001]

ARFEEHIE, BSEHEE T AROZo8EFFECE L, FHS. BOBSEhi 2 57 2 st
METAOZotlERFICET 5,

CE=33¢ )

(000 2]

MRAM (Magnetoresistive Random Access Memory) 1. BIEL L HWW SO N TWAINEBE
T THLDRAMICND S ABRINITEMER T THY., o, BHELMNMEFERAETY L
T S HFSSBEFEDM TN TB Y . HlAIE, IMbit OMRAMASY > VAT S = & v D g
mH 5,

(000 3]

X8k, MRAM®/JEEFTH L TMRETOME L., T2/ RIHTH 5,
M8 (A) ITRT LI, TMRETICBWWTIL, B{tWHh o2 s ko 2 NVEEDOH %
RSB SR 5 1 RSP 2D 2 DOEMIZ L VERAZE R 2 UEEEZHFL T 5,
MR VEEERGEE LT, 7EA 77 ZADA L —OEMBHVONRTWS GHR N1 S
D . X8 (A) IRT kHic, #1 okt & 58 2 ombkittaEis & oo &
TR PATRALDIZEICTIE, b R EEOREICBT 5 A T 53 Fo@ESHEC
A& LD, —FA, M8 (B) IRT XIS, F 1 onhiggMdE s 5 2 oidipsidEi
& DAL DA = ST SR TRALOEZEITIE. b > R IUFE 0 RmIC BT 58112
M3 2ETOBESEMIAELL S, Zofhulld. —EERETIIZE LT, e
WEOHIMEWNICESOTER “17 . “0” L LTERENS, Firwifty DR ThEAL
CIEIARERICHEE E NS 120, NERMACTYDEERZTLE L THWLEZ &N TES,

[0004)]

X9k, MRAMoOEREEMNZ R RITHTHY, M9 (A) HMRAMOFHETH Y
. X9 (B) IERRZ2EBEEREKTHY. M9 (C) & HEfz2 MmN THh 3.
M9 (A) ITrT LI, MRAMIZBW T — FHWL 2By B L & 23%5ET 5
LD WCHEHIE S h, REPICMRAMELMEE S HhTWS, M9 (B) IRT LIS, ¥
— Rl vy ML OZETRCHIE SNW/7-MRAME VIE, TMRET ., TOTMRE
T EIEMENIZMOSFET 2HLTEY, Bl L TEEET S TMRETD
HPEEZMOSFETICKVmANA - 212k, UEERERAETIENTEL, 14
. ERoOTBEEZIZ. MXIE., TMREZFOBIGOAMZEVIT > &8 TE5, X9
(CY IZRTEIIC. MRAMAEY VL, pMS iFEMN1 01 NITERENZY —2
HIK1 0B RUAHIK]L 038, ZOMICHESI NS F ¥ RIVFIICHT L TEKREHh
T2 —FEM111Ee2FTAMOSFET1002, TMREF11722HLTWnAS
o VAN 05138t (GND) &h, FLA ik, TMREZTFZNLTEY MEB
LicmahTnsd, 77— RBWLIEZF — bdEM 1 1 1133 L TRERL Z2 W B VLT
i hTng,

[0005]

PILEICSEHLZ LD, MEFRMEAETUMRAMIZ, 1 2OMOSFET100&TM
RET11T&ICEY1IDDAEY VA EFERTZI B TEL2D, HHEMLICEL 7=
REYZETLNWDI T EWNTESD,

[0006)

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

(FEHH D BEAR]

(FEHHAMR L & 5 &9 2 343H]

(000 7]

BRoOEMiZHWAZ 21tk 64Mb i t FEEOMRAMERPERTARBLIZYV - T
WaH, Fhll FoEEEtoz91cid,. MRAMO/LEISETH S TMREZ O |H)
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FERLRERH L, FHC, £FE TFoOL/JER%ZIN LS 5I1C13, BKUkbio -k & EH
P EOmABPLETH S, X101k, FENLNT7AALl —O%k b RIVEEEE LT
PERMTMRFEZE FoSEoINERIC L 5FAL2 _RIHTHS (L1) ., 1 OlTK
T LI, ERHMTMREZTICBOTL. BSEDHVNE L, FRCEEZAINT S Z &1
F Y BEEDIPEBI/NEL RAHARASND, 2D kD eIk, EfFe—Y 0%
FZRLUZBIEEWNE T EL 20, EBoOIMEETICHW oML L, LY BARRIC
X, BROTMREZTORSENUIAIT0% K., E-H/FEF D200 mVELIF&{Kn/-
. DRAM®DL/JEHICHARTHEEAMENTH Y, BHEEE LT3 IEVEZESA ) A
LN TERARE R T LEI LS FEBD 5 /2,

(000 8)

AFEHIE, TMRZTICBU A HE/NNER2KELTHZZ2HNE TS, 651, K&
mSHlhic k0, TEICEMFT 2B E R It T2 2 2 HN T 5,

GREEZ R T 5 20 DT

[0009)

RFEHO B L NIE. b RVEEEEE &, bR IVEREEE oW 1 milcERk S
7-BCCHIEZHTLH 1 oMk L. AIECH > rVEEE O 2HEfAlIICER S
BCCHIEZHTAH 2oMMRdge. 2B THBA N XNVEGHETH - T, Bl
K2 ROVEREEEAS, BATEMgOx (1 00) HBWE (1 00) FEHEAMENER L 72
ZAGEMEg O x (x<1) JBICKVIEREINT VS Z & 2HH L T 2 mSHlihiE 73t
Inb,

[0010)

F7z. MgO (100) »»67kxd b rIVREEEREE, b rIVEERE O 1 HHNIF
EN/ZFe (100) 564255 1 onmgMARE . BIECH > xIVEEEE 0F 2 mfllic
FEkENn/zFe (100) Mo 2H 205wtk e. 2657 b > 2V EGHE
ThH->T, HliCM g OJgA»s, BAHEMgOx (100) H5WwE (1 00) RS HEAMENL
Blinl L 72248 Mg O (x<1) JHICKVEREIN TS Z & 2Rl e T 5 msiiins
THMEEE RS, BIEdMg O (1 00) JgofmEE e RlidFe (100) oo =)L
STRNX—oRlo ARl (h o RVEESS) 2HERICBI2MEI D EILES
R E T4, bR EAVS &, B AL TMREZTOH /JEEE KEL
THZEMTERE, 120852 VRFYOARE LT LHOMSEMETEH WS &, ¥
FUOIMBETFTEERT L I e TE,

[0011)

RFEHO MO SIS LT, ENEZERTLI IR, FZENLEICE1OFe (100)
Jg%# T A2 TFEE. RIS 1 @oFe (100) [ Rlc@ETE—L3E5 5k Y BEREM
g£0x (100) 5WE (1 00) FEEMESEIN L 7=2ZHEMeg O (x<<1) »
5725 MU RINVEEEEETSEZE MCBW T A TS, b U rIVEEEE Ficsl 20
Fe (100) [@2RT2IEL2HTS 2L 2HE TGS TSR LD
2tEh s,

(001 2)

/2. BREMgOx (100) 20T (1 00) MEHEHIMBENLENL 72L& Mse
Ox (x<1) o bENEEMTLE 1 TRE., FHENEECH 10oFe (100) 18
ZHEFEL . ROT. FRD-007=— L2738 2T, IS 1oFe (100
) M EICETE-LFEERICI O BERFEREMg O (100) 5% (1 00) MM
LA L 72 ZRREMg O, (x<1) 2565 by rIVIEEGE2EEZE NI2BWL TR
THEITHE., FZhrVfEEEE FIcE20Fe (100) 2RI 52584 THE %
BFT5Z 2 e T omciini ot GBI 5, W, FIECHE 1 TEEH 2
THREoOMIc, BFEEMgOx (100) 50 (1 00) FEHEAMEIHELN L 7224
BMgOx (x<1) o625y —FREERRETLA2THEEZHELTHTHRY, /=, HIE
TENTZ 7 AMgOJg%. Mg O xDx {2 FHBELOY —Fy NEHOTHERELTHE
v, ZOFE HIECTENT » AM g O AR T 2 TREHIC, Mg O OxfEXFHEL TY

WD EX1004
Western Digital v IP Bridge
Page 82



Ruy,

[FEHH D &S]

(001 3]

ARFEHIZ LT, RO TMREZTICHARTAKE pgidkhizE8s 2 &8 TE, TMR
EZ2TOHIJERZKRELTEZENTES, -7, TMRETZHW :=-MRAMOGHE
MBI b L WS HIERD 5,

(FeHH % EHET 5 7= O R O JLHE)

(0014)]

KRIFHEICBOTHW - BERICBT 2 TR 2] © 0BT EARUEE T8
OB OSHERIL-ETH D (BHECHL W Wulfhekel, et al.: Appl. Phys, Lett, 78

(2001) 509.) ., T XDRAETIE, EREKIFOB T XRIEIT L A SHOTER) 22 B
BMgOD R Y RIVEED FIEL S5 2 e N TE L7280, HABERZE S WS HiEx Ay
7=

(0015]

FHHDERDOTZEBI DWW TEIHT BRIC. FHFE DT 2 BRI OWTHIHETS. M

T Jomggdikin (MR) Hix. DIToATEREIN S,
AR/Rp= (Rap—Rp) /Rp

ZZT. RpAkURa pld 2 00@MOBALITATE DO TOEEGD b ¥ 2 VG
iehHs, JullireoDNRickhiE, BAAAS7REFICBIAMREIIZ. DTok
ITREING,

MRit= (Rap—Rp) /Rp=2P P32/ (1—P1P3) THDY
Z>2C, Pa= (Datl (Eg) —Dal (Erp)) / (Dal (Ep) +Dal (EF
Y. a=1, 2 (1) &REh3,

[0016)

22T, Poald, BroaeryNETcHY, Dal (EF) Dal (Ep) &%
FNEFh, ZRAL AV ReAE A ANV RO T2 VI T2 VF— (ER) IXBTS
ReEZE (Density of state:DOS) Thad, MBMEBENLBNOES
D2 DOfFEMIT0. BLITTHE72D, Julliredn NI, HbEWE
EMRIELE L T7 0% FHIEhS,

(001 7)

MTJETER2TENT 7 ZADA L —OD b 2 RIVREE L 2SR EME 2 HOTERT S
., BETOMREELTHTO%EWHIENDIESNTWHSA, DRAMIEOH/JEBET
H5200mVEELZOIFEL L, FHRDOIIICTMRAMEROINT AHEHE L 2T
5,
(001 8]

FRIAFIL, BRI 2O L0 MR (1 00) H50E (1 00) FERHEAMESCHLN
L7=ZHEREMgO% b XIVEEL L THW-MT J 2RETS2 7 a—F 2 A Tn5
o ERDODTENT 7 ADOTFTINIFEEEL I3, ML~ 22U L3R (5Era35H)
IELLES L7=WED THEH-0, EBIPEELENT., Eroae—L > MRES R X
NBREOBOWTREIND ZEBTFRIENS, M 1id, RXEBOTEBIC L DMT JFETHHE
#® (X1 (B) ) &. MHikE&EBETHLFe (100) oz F -y KGR RT
MTHy, EezEio [100] ARICTTSE—Epo@RE2r3 X (M1 (A) ) T
Hs5, M1 (BY 1Tk, XEHBOEEICLAMT JEZFHEIX. F1oFe (1
00) g1k, F2dDFe (100) J@bhe&, ZhoolifickEh/zBidiEMg O (1
00) 5wk (100) FEEIEN N L 2Z/MEMg 0« (x<1) [g3&., %
HLTHREh TS, FdJulliren®EFflicihid, HEBETOER S Z LD
Moo 2B TRESNSG LT L, MgOL2FEBRT L M RIIVERIZN >
FOVEEEEICTRE 2 Al (SRS T 24850 OB Mvk 22 H T 58T
HHCHNC e S, 1 (A) 1T [100] (T—H) ARICBIJAFe TR -2
Rz EhiE, 7=V IENE pic B L RERR (DO S) 13, A ¥ AE
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VOV TNRY KRBT 2 VI E RICBWOWTHREEEZ T L TWna 28, ZhIE EE WO imtiek
FoRERY, LPLARS, E1roab— LY MREEN K D 2V BEROBWTHREENS
IBEICIE, BEERICTER 2l LT R — VIS ENE 2 T A EBE T 0 B HE
EENUIRICB U 2B HEIL, 5 EO M RNVHEREZFOZ &IC2b, M1 (A) I
KT LT, BRAEBLA 11 3R (D) BT =V IENE piliREEZF T 508, 4
WA A | XRUF (BHD BT =2 NVIENEpIZHREZHF LR, Z0kd>%FeA
1INV RON—T REZ VKRS LY, IERICE VMRS e — L > M A E U
Mk 2B TELNSHEEEDSE, XTI vV (BEEDZWE (100)
Bl oMT JiE. o2 A@fEdic B 2EFoEELs s hb 720, Fito
EORae—Vr R MU RNVEERTLEDICETIBERTHLEEZ 6N,

(0019)

PIF. REHOHE 1 0EHOFREIC & 5 S HWE T &MU 2 ofliE G HIC > THHE %
B L 223HEITS. X2 (A) o2 (D) Tk, AXRHOFEROFEICLSF
e (100) /MgO (100) /Fe (100) ¥&rHIsmcitEr (WIF T
Fe (100) /MgO (100) /Fe (100) MTJJ &¥T5,. ) ofilETHY
AR THTHL, Fe (100) 1. BCCHEEZHFTLIMmMAETHSL, £7.
BEEMgO (100) # M1 1%2%HL, MBEHE (e ryFs—8) 12k,
BMEEMgO (100) 21 1 oXHAOE 74T —2WETLHZH, MgO (100
) V=K@l 5%&KETS, WmL T, M1 (B) ITkTES5IC. 50nmEozEsy X
¥ )WFe (100) FEfdEM (F18EM) 1 72Mg0O (100) ¥>—FKJg1 5 FIZ=E
HTHREL, ROT, #EEZEF (2X10-8Pa) BT, 350CT7P=—1%
1T9. M. ETRFEFICBU LRI, MEEENS K VTHY, HMEHENMO., 02n
m/F, REEENER (29 3K) . V-2 L UHzEamifiRoMg O (Mg &
Ordolhtl : 1) 2Hn, V—REEREOWEEA40cm& L, RN Z S5 Ro
BZeER1X10-8Pa, O HM1IX10-6PaThsd, 4. LRtk
MgO (Mgt Otolddl : 1) ofbvic, OXKEEFHIT B Y —AZHHTLZZ LD
nJRETH B,

[(0020]

X3 (A) X ZoFEoFe (100) EFEM (G318EM) 1 7TORHEEDA X —
VERTHTHS, M3 (A) iTRTEIIC, Fe (100) TEEM GBl1EM 17
BRFRERME S FHMEZFL THE 2 2R L T05, RWT, M2 (C) ITRT LD
IS, 2nm/EOMgO (100) NUFPE21%Fe (100) FIFEM (BF1EM 1
7 FCEEH T XTI » URET S, ZOBY, MgODE T —LFEFHEEH G-,
M3 (B) 1. ZooMg0O (100) RUFPE21DORHEEDA XA—Y 2 RrTHT
5, M3 (B) ITRTEDIC. MgO (100) RUFIE2 1 b BIFofisRM & Frp
EHLTWAZ 2L TvE,

(002 1]

X2 (D) T &z, MgO (100) NY7P/g21 Lic, EBHTEZX10nmo
Fe (100) F¥pd@th (GF2@EM) 23%2Fml/s, @ml T, 10nm/EEDCold
25%Fe (100) FipEM (GF2dEM) 23 FICHEL=, ColJd2 51k, FakdEs
23R NEED L Z LIk - TCHTRALEIE 2R T 572000 TH S, (KT
. PR ofFREARI 2B T L CFe (100) /MgO (100) /Fe (100) M
TJIETE2EKRT S,

(002 2]

FEBICXAMgOZESEIZ. 10 9Tor r OMESEZIREETCKRIER T 72, 2O
FHHETH., IS ZAFE N I3 00 n mOREEZIToEBETL, EEFEHTHY .,
BRI BERENRZRENTWEZ 2 2%h2 5, X413, Mg ORERIZHEIT 5 U EMHEM
as sAXRZ NVoOBHAFEZ ~RINTHL, 417 TEH2, ODAXTZ R VP 1 &
O DANY RVP 2 LICHT ANEMREGZ L 3b 5, M5k, Mg OXSEhoME
NEDOPFHEFRFEIRF 2 R T TH S, HISIRT LD, BENEEEBIPRYENS

WD EX1004
Western Digital v IP Bridge
Page 84



. HREEE L LICBENFLEL B, 2 EE. Mg OoHfEifcBIIAMg O
B> O OMEOHREZ RETL2HDTHY, MgO, (0. 9<x<1) D&kHicH
FREBEC T La[EENERS 5, BEKHEMBEL H Mg O b RIVEEOTF I MEL
nHeEZGN (WZIE. 0. 10~0. 85eV (kYiFMIciZ0. 2~0. 5eVD
#HFAA) ) . Zhicky., hrrERSHENTIboeHEZL OGNS, M. AL
—O MR NVEEDEE., Fe (100) oMo 2NV EEOEEIE. 0. 7T~2.

beVi#HEZzohd, ZHhiSTL T, Mg OFRIFIIHEZ > RVREDOR S1X3. 6
eVTHY, FEEL L TIZ0. 9~3. 7TeVOENRELNTWS, KREHOIFEEIC X
LHEERHWDE, 0. 3e VIEEDO NV RNEEOTIMBHEE SN, b RVEEDR
BHHEASa[BETH B Z & 0%b 5, {HL, FofhoZERH, flxiEikoae—Lv 2 M2k
VRINOEZELEHEL T AHalEENNS 5,

(002 3]

X6l LritolFdickviliElL7~Fe (100) /Mg0O (100) /Fe (100
) MT J#oiRzicdlingiiiz2 mdX<hd s, HIEEE2 OKIZBWTMRIKL
46%THY, HEEE2 9 3KICBWITMRIIZ8 8% THh o7, Zffild. BUEFE T
WKWERICBWIEONEZRLEVMRETH S, 20k REVMRHEIE. Fe (100
) MDA MR K > THIHT A2 23 TET. LA ab—L 2 2 RAE W
M2 ZIclEidTs2E26NE, 16 00MT JETERAFELAEE. MR
MR NVIHE L ICHE T 21356 20F1F. 20%LIATH -7z, MT IO E Y L ERE
BT 0%LIETH Sz, Zo LI REVEIE. A7 I —F oGt E REBL Thvb
c MTJOHIn—c U7 (RA) IF HkQum2THY, ZofEld, MRAMIZHL
J-ETH S,

(0024)]

X7 (a) & FEICBIAMREDONRS 7 AEHEREEZ RTHTHS, M7 (a)
W T & D12, MRIEEDO A 7 ZAEHARIFMEE 22 02 e 3b 5, Bt
REH, MREASFITEZEE VL1 £131 250mVEWVSIEFICEWVENRESNT
Wb, W, EROALl —ORICBUIALIMRHEDO¥ T L2E L Vhal £13300~600
mVTHsb, M7 (b)), MTIDWHIJEEV oy tid (A 7RAEEX (Rap—
Rp) /Rap) ¥, HWITEEV oyt DEXEBIE NSNS 7 22BWT380m Ve
ERELNTWS, Zofld. A1l —ONUTFPoEEDHE (200mV) OF2/E0ET
HbH, 2oL, MRILE HER OB A TEWVERE SN2 21X, KREROFLEE
IS KBTI ERL T s,

[0025])

M. FiEREoFREICB TR, BCCoOFe (100) HWER, fbhicBCC
DFe%Et4. Iz, Fe—Co&4. Fe—Nig4d. Fe—Pt&erHEZ L
HTEL, HWEFe (100) [@&Mg0O (100) geoiic, 15T XITRIHET
JEFEED)EEDCo, NiEZEHEALTHLRY,

[0026])

Rz, RFEHADF 2 0EBEOFREIC & AT HnE T AT Z ol Gkl oW EIF %
1T5., KREROEEICLDLFe (100) /Mg0O (100) /Fe (100) TMR#
T oOREHETIE., FTANRyF UL Z7HERSICEOMeg0O (100) 2ZERERIITT
BN Ty AREETHEFEL . ZORICT=—NVAEAR TS 2 212k (1 0 0) #is A
ML7ZZRRELIIEFERET 2 E2HEET 5, 2y 7 U 7R fAE, B
MER (293K) THY, ¥—F o heLTF2A4FonMg OZH, A r EHRA
FCRAN Z Y T EiTo7, IEE/NZ200WTHY, REFEIZO0. 008 nm,/
SThbd, COFRFETHRLIEMg O TENLT 7 AREETH L0, EEPS300TC
FTCHEEEZ FRSE, 300CITBWT-ERRNEZ T2 ik, ARk hizM
sO%ELZ KRS,

(002 7]
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FIK1 03 RLAVHIKL 05L&, ZOMICEEINDGF ¥ RIIVFHIBIZHTL TE&RS
72— REM11122HIAMOSFET1008, TMREZTF117&%2FLTNnS
o V—RAIK1 031k —2EM1 13%NL T3 (GND) &h, FULA 4L O
5%, FULAvEM]1 152 TMRETE2 AL Ty MEBLICERSINTWS, 7—
REWLIZF— hEM1 1 113 L TRURL 20 ERICB L THEREh Tn 5,

[0004)

PILEICESRHL =& 21c. RNEFRERAETUMRAMIZ. 120OMOSFET100&TM
RET1172ICEV1I DDAV RNLEZERT LI ENTES20, BEMBLICHEL /2
REVFETLNWHIZENTED,

[0005]

[FEAFErSClA 1) D, Wang, et al, :Science 294 (2001) 1488,

(FEHH D BH7R)

(FEHHDMEHR L & O & 7 2 550H)

[0006]

BUHROHM 2 WA S 2LV 64MDb i t EEOMRAMAPERTARBELIZY > T
20, FRPFOEERBILO =912, MRAMOOIWEETH 5 TMRET OFME% I E
TRLVLERH S, FHC, TMREATOHJEREZIM EE® 5103, mdkio ke s

WD EX1004
Western Digital v IP Bridge
Page 106



HRMoWEBOM AP ETH S, M1 01E, 7TEALT7ZAAL —O% h U RIVEEEL L
TR TMREZ T oRSEHIoANERIC L3 EEZ RITXNTHS (L1) ., X1 0IiZ
RT LIS, HERBMTMREFICBOWUL. BSEhYheL, FcEEZAINTS 2 &
12 &V BESERDIDS BB/ NS ARG NS, T Dk D REETCIE. Eiffe—Y
EHEBLIZHIEEWWNSTEL20, FROIRETICHCW 2oL v, XY BRE]
ICiE, BURO TMREZTFORIGHESUIRI10% 6. FHEF D200 mVELT &2 K»
72, DRAMODO B JJEFICHANRNTEEINIENTH Y, BHEEEZ BT 3ICEV{ES)
A XN CERA LR R-sTLED EWIBESD - 7=,

[0007)

AFEHIZ, TMREZFICBILGHIJEREZKELTLHZLEZHKE TS, 61T, k&
P THEHUC & V., BEICEMFT 2R ERZIRMETI 2 HA T 5,

(GREEZ 32 720 D FP¥)

{000 8)

RFEHO BRI LT, b RVEEREEg . SN R VEEROR 1 mflickEh
72BCCHEZHTEH 1 osfilgkthiklg &, BlEC b > R VEEEE 0 2 mfllick S hvz
BCCHEZHTLH 2 omtitiRg L. 25T 25AN y2NVESHETH - T, HIEL
k> RIVEEEERGAS, HEREMg O, (100) 503 (1 00) ; mﬂﬁﬁﬁﬁﬁmﬁbt
y‘f‘naaMgO (0<x<1) BICTLVERENTHE Z 2N e T mahEZry
#I/‘/\é;},b%)

[0009)

F/72. MgO (100) 262 b b )VEEEER L., X b U RIVEEREER O 1 HHICH
Eh/zFe (100) 67255 1 ommbgthiRg &, BlEC b > 2 IVEEEEE o 2 millic
FxEhizFe (100) »56kx55 20tmERE L. 25T 55 2GS
TH->T. HIECM g OJg2s, BHEHEMg O (100) H5HWE (1 00) KFHHEAES
Bl U 722455 Mg O x (0<x<1) EIEVERENTWSZ & 2R E T2 BSIK
METREEINh S, AlEdMgO (1 00) Jgo=ES Mhii AlicFe (100) Jgor
=2V I EZRXNT — Do RNEHME (b RVEEFS) 2HEARICBILMHE LY IR L
ez B T4, FiIdRREHVS &, BSEDUDE AL TMRE T O JJEEEZ K
ELTBEZEMTENR, 12D VR OHEANE LT EERGAENETEZHWS &,
ANERMORLBETEKRT 22 & B TEL,

[0010)

KRR OMOBIAIC L IE, EMEEHT LT, FEMNLEICE1IDOFe (100)
E%ﬁﬁ?élh& AlEd 1 @Fe (100) JgEICETFE—LFEEACK D BERM

x (100) H5E (100) FMAMMAMBEN L 72ZFHEMg O x (0<x<1
)#6&éb/$www§%mﬁg?k SWTCHERE T 5 TREE . B4 b U RIVIEEERE FIcs
20Fe (100) [EBEKRTAITREZ2ET5Z 2R I omaiinEzTroflE s
RIS,

(001 1)

T/, BEEMgOx (100) 503 (1 00) FEMMELANL 22 EMg
Ox (0<x<1) orEMEEHTLH 1 THE., FFEMNEICH1DPFe (100
) EEMFEL, KT, fRtozoo7=— 2T 5F 2T, RlEIdE1oFe (1
00) MEICETE—LFEELICLVEAEMgOx (100) $50E (100) FHik
MEAMENHEIA L 7= EMg O, (0<x<1) 65 MV EEgEEEZ NcB
WTHEFRT A 3 TR e, bV EEg FIcE2DFe (100) EEFKRTLHE4
T E2HT 52 225 E T o mcdinEzrotliE AR tshs, m. FlEdHE 1 T
FREHZ2IFHEOMIZ, BEMgOx (100) H5nE (10 0) HEHEAMESCHLN
L7ZHFHEMg 0O (0<x<1) okby—RErRETL2IREEZ2ZEL THTHRN
. /2. RIEC7EN T > AMgOfg%. Mg O x D xE2FRFEHLDOE — 7 v hEHNT
HEFRL TH R, TR HIEET7ENLN 7 7 AMg O %2R T 5 TG, MgOxDx1{i
PHEL TH R,
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(001 2)

FFEHDOE SITWOBAICENIE, MgO (100) »okd brrIVEEEERE, b
Y RIVEEEE OF 1 THANCHER SN T ENL T » RS20 672 55 1 otbaRiEARE &
. BIEC b > R OVREEERE o 2THNCZR S Nz TN 7 7 AMES 20 672 55 2 ois
MARE . 2 BT 5N 2 NVEEHETH - T, BlidMg O (1 00) JHofmEs T
B C BRI 7 €N 7 7 ARES D 2 58 1 XUIH 2 OGRMERE & 0 7 =)L I T o |
DA (F o RIVEEDOSS) ZHEFGRICBYA2HMARMEL Y DK Lz & 24F
eI omcddnEZm TRt s h s,

(FEHH DAN )

(001 3)

RFEHIZ E NI, RO TMREZTICHARTAE mSiEhiz B 52 &8 TX, TMR
ZTOHNEHFZKELTHIENTESL, -7, TMRETEZHW:-MRAMOEH
BAMEZICRD L WD HEND S,

[FeHH %2 FZHET 5 7= DI L D FLRE)

[0014)

KRIFHEICB O THWW =R ERICBT 5 T2 © oHET. S EOEE T8
DEMPOSHRAIL=ETH D (BECHL W Wulfhekel, et al.: Appl. Phys, Lett. 78
(2001) 509.) . T &kDIREETIL, FBEKBEOK T RIEANT L A EHOTHHE 72 B
HEMgODO KRR N[EED FIRMEL S5 2 &M TE 5720, HHERNREE WS HEXH:
7z

[0015)

FEHH D FEREDTZEEIC DWW TCERIHT B RIIC. FEHF DT - 7= ERICOWTEIIHEZITS. M
T J oigdht MR) Hid. PIToATtRIhb,

AR/Rp= (Rap—Rp) /Rp

ZZ T, RpAkURa pld 2 00@BMOBALIITE XHTOHED ~ > 2 IVEGHEK
HiTtHs, JullireoNRckhid, BAASF7REFICBYAMRIIZ. DTk
2ILREN D,

MRlt= (Rap—Rp) /Rp=2P P2/ (1—P1P2) THY,

Pa= (Dal (Er) —Dal (Erp)) / (Dal (Ep) +Dal (Ep). a=
1, 2 (1)

LEREINSD,

[0016)

22T, Pald,. Brozxe Mk TcHY, Dal (Erp) Dal (Ep) &L
FTheEh, Z2RAE R REDPR AR RO 72 0I 2 VFX— (Ep) ITBT2
HREEFZY (Density of state:DOS) Thsd, WmmENLBENRTE
LA ORNNT0. LT THH-0., JullirenNRNTkhiE, BbEWift
EMRILE LTT7T 0% THIENS,

MTJZTE27ENT 7 ADA 1 —0OD k2 RrIVIEEE » ZREEEM S 2 HOTERT S
e, BRETOMRIELELTHTO%EWIENELNTWSA, DRAMIY D /JERET
H2200mVEELZOIIHEL L. FARODISICMRAMEROFNT RS 2T
5,

(001 7)

RUPEFT. BIL 72T L08R (100) H50IE (1 0 0) HEHAMES AL
L7ZREMegO% h I NVEEL L THWEMT J2RETA27 /0 —F %2 RB T35
o HERDTENT v ZADOTFTINIFEEELIIHR Y, ML 2 N3 (5rAY90EA)
IELLKENW L ZED THEH-0. EBTPEELSN T, Eroae—L > MRES R X
IWBEREOBWTREFEINSG Z LB TFRIENSG, X111k, KXEBOTLEC LDLMT JET1HE
# (X1 (B) ) &. M ikE&BETHAFe (100) oz xVF—Ry REEE2 KT
MTHy, EBzEio [100] AMSTTSE—ErpoBGE2 RN (M1 (A) ) T
5, M1 (B) IRTEIIC. AEROTBICEIAOIMT JETHEIZ FloFe (1
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00)Jgle, B20Fe (100) J@b&, ThoolickEn/-BEEMg O (1
00) Jgdhadid (100) FMREMEAPEIHEINL 22 EMg O (0<x<1) Jg3¢&
VR BLTTERENRTWS, FdJullired®Eslickhid, EETOERLF
LWk rx a2l BnWTREENE & T5E, MgOZEFERT S b2 xVERIT

b > R OVERERICTRE 22 R GEESAEICHTT 235885 1) O~ Mk 22 H5 7 5%
TENC RS, 1 (A) 1T [100] (I—H) AlAcBIb5FedT 2 ¥—
Ny REIC EE, 7= VI E plic BT 5IKEEER (DO S) &, A &4
AEYDV TR KRR T 2 VI E pICBWTREZH L T2, Zhig&auynia
MR E2RE2, LPALEBRS, BFoak— L2 MREEB N DR NLBRREOBWTHFES
h38E123, BERCEERCE L T — 2 VIS HRKENEER 2 BT 5 GEE T O R
IRFEEENIRIC B DIREEL L, 25 —ED b RIIVIERZFfDZ 225, H1 (A
Y IRT LD, BRAECALANAYR (EiY 7 2 VI E picikEBEH T 5 A5,
PEAE ALY R (B 137 = VI E pICREEZT LR, k572 FeA
1IN RON—T7 2 Z VHIZRERIC L0, FERICTE MRS e — L > M A 2 friti
RN BWTELNLHEEERH S, eIy L (BEERHDZWIE (1 00) B
ML) OMT Jit., P2 VEERICBY 2ETOEGEL G Eh s =0, Fito Xk
YA —L b RN EERTLIEZDIIIHENTHLEHEI OGNS,

(001 8]

PIF. RFEHOF 1 oFEROFEEIC L 2mddihns T AUz ol ki onwTHE %2
S L D203HEZITY. M2 (A) 62 (D) £7Tik. ARHOEBEOFREIC LS F
e (100) /MgO (100) /Fe (100) #ExHIsmaiingzr (LI T
Fe (100) /MgO (100) /Fe (100) MTJ] &¥T5. ) otilETHEY:
EARNORIHTHS, Fe (100) 1F. BCCHEEZHT LMk THs, 7.
HHEEMgO (100) #M1 1 %2%EHL, MBEE (ORI —HF) 12k,
HEEEMeO (100) #Ml 1oXAEOEZ 4P —2WET L0, MgO (100
) Y—FRE15EKETS, WL T M1 (B) IZRTLIIC. 50nmEQTES X
»)VFe (100) F¥pdEM GF1EM) 1 7%#Mg0 (100) ¥—KJg15 kic=
BTREL., T, HEEZCF (2X10-"8Pa) IBWT., 350CTCryr=—1%
1TD,. ., ETREEFICBU LML MEEEN8 KV THY, KEIHEAO., 02n
m/ ., REEENER (293K) ., V—2& L UitzEanlifiRoMg 0o (Mg &
QLA : 1) Z2HWv, V—REENE Oz 40cme L, R Z XS5 KD
HZEEMR1X10-8Pa, Ox/rHEA1X10-686PaThsd, . {LEinfidmiko
MgO (Mg eOtalth?l 1 1) ofkbYvic, OXKEEZEFIT LYV —AE2{EFHT L&Y
nJRETH B,

(001 9]

X3 (A) 13 ZooFe (100) TE&EM (F18EME) 1 7TORHEEDA X —
VERTHTH S, M3 (A) IRTEIIC, Fe (100) MEpEMm GB1EM) 17
BRIZEREEE FHEZE L THE 2 22 RLTWS, (RWT, M2 (C) IRT&D
I, 2nm/EoMgO (100) NYFPE21%Fe (100) FEfEM (G5 1EM 1
7 HCRETDEIXZF Oy VARET S, 2O, MgOOETE—LIEHFEERH W,
M3 (B) . ZoEoMgO (100) NUFP/E21DRHEEDA XA —Y%2/xTHT
b5, M3 (B)Y ITRT XD, MgO (100) NUFTIE2 1 bR FHME
EHLTWAZ LTS,

[0020])

X2 (D) 1T ko2, MgO (100) XU¥PfE21 tkic, EETCEZ10nmo
Fe (100) bipdEM GE28EM) 23%2FmRlL7z, LT, 10nm/EEDCold
25%Fe (100) F¥pdEM (GF2@EM) 23 FICHfEL/~, Cold2 513, FiakdEts
23D NERDD D Z LIk - UXCHTHALELE 2 KBT 57200 b D TH S, (KT
. LRorRiAEZ M TLCFe (100) /MgO (100) /Fe (100) M
TJIETE2ERT 5,
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[(0021)]

L EBICKBEMgO#SEIE, 10~ 9Tor r OHEFEZERETHKIEEZITo72. 2D
FHiETiE, MZIEH T AENEIC3 00 nmoOREX{T- -8 ThH, BEFBIHTHY.
BRI BHERENREZRENTWAEZ 2 2%h2 5, X413, Mg ORERICHEIT 5 W EEM
as s A7 MoOBHIFER L2 RIHTHS, M4I1TR-T LI, ODAXTZ MVP 1 &
OoDANXT MIVP 2 LICHTAHENEWI &35, X513, Mg OZXEh oM
S OBHIRRERE 2 ~T A TH S, HS5ICRT LD, BENFEEBPRYENS
. ML L HICEENEL S b2 &, 2% Mg OanHifEicBIFAMg O
GRS OMEOHINEZ RETL2HDTHY, MgOx (0. 9<x<1) DXkHicHE
SEREMBEC T SA]EEM S 5, BE2KEETL 2 &M g O b xIVREEOF S MK L
mbEEZSN (PIAIE 0. 10~0. 85e V., XY IFEMICIR0, 2~0. 5 e VORIFHR) . Zh
Ik, xR ERBHNT b bDEEZ NS, . —HIZRA 1 —O b 2L EEE
DIFE., Fe (100) Lol b RIVEEDFIIE, 0. 7~2, beVEHZLHN
5, THhITTL T, Mg ORISR 2 b o x IV REOTS &1E3. 6eVThHY, Eih
e L Tix0. 9~3. TeVOEPELNTWS, KEROTEBII LD HEEZHWS L
. 0. 3eVHEEDRN  RIVEEOFTIBHEEI N, bR VEEOBRIEUEAAEETH
L2 bbb, ML, FothoERN, M iZRlitoae— Vv ek 2V H
WL TWBOlEENDH 5, M. BEKHICE S MgO,oxDfiE LTiE. 0. 98K
x<1, FVHFLLIFO0, 99<x<I1HETHY, Mgk I>2bDIFEENT
. Mg O DS MENEARINTIZHIF SN AHPHTH 5,

(002 2]

H6ix. FitoAHickvaliElL~Fe (100) /MgO (100) /Fe (100
) MT JF#E T oliiifeic itz R~ XTh s, HIERE2 OKITBWTMRIL1
46%THY, HIEEE29 3KICBWIMRHIZ8 8% TH -2, Zofiild. BEET
WCERICBWTELON KO ESWVMRILTHE, 2ok d>EMRIE, Fe (100
) MDA MG HEICE > THIHTZ2Z I3 TEY, LA, Ib— LY MNRAE VIR
hory o ZICEHETLEEXLNSE, 16 00MT JETE2RAFLAFEE. MRHE 2
R NVEDUE L ICEHT 2136 2E. 20%LINTH -2, MT IO E Y & EME
BT 0%LIETH 57z, Tk REWEIE. A7 T —F oot e REgL Twb
. MTIJoEd—= U 78 (RA) 3. BkQum2THY., Zoflld. MRAMICHL
7-ETH S,

(00 23]

X7 (a) iZ, FRICBUZMREDO NS 7 2AEHERIFE2RITHTHL, X7 (a)
WCRT & DI, MRED A 7 ZABEHERFEHEI 22 02 & 3bn5d, FETH R
RTA, MREPHERTE2EEV L1 £131250mVEWIIFEICEWMENRE SN T
Wb, M. EROA 1 —ORICBITIAMRIEOF KT A2EEV L1 £13300~600
mVTHs, M7 (b)) i. MTIDHIIEEV oy t1d (AL 7RAEHEX (Rap—
Rp) /Rap) 9, HWITEEV oyt PEKXEIFNE AL 7 A2BWT380m Ve
ENELNh TS, Zofild. Al —ORUTPDIBEDHE (200mV) O 2Dl T
Hb, ZDEIIT, MRILEIHTER 2 oA TEWVERE SN 213, KREROTLE
ISk BT oFMEERL T,

[0024)]

M. FitEREoERICB W TIE, BCCoOFe (100) 2HWED. fthbYicBCC
DF e%t54. MxiE, Fe—Co&4. Fe—Nifg4e, Fe—PtadarHwaZ L
HLTEL, HWMEFe (100) [eMg0O (100) Jgeolic, 1 g XIRET
[FEDEEDCo,. NiZZEEEALTHRY,

[0025]

Rz, RFREHDF 2 OKBEOTFREIC & 2SR T /RO 7 ofliE Ak oW TEIR %
179, AEROZEEIC LD Fe (100) /MgO (100) /Fe (100) TMR#
T o#IERHETIE., T2y F Y Z7HEREICEOMg0O (100) 2ZERERITT
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ENT 7 ARETHFEL, ToRICF7=—NMIBEEITS> 2 212k (1 00) FEmEHES
ML 7ZZERERFEFEATLIEZFENE T, 2Ny 2 U U743, A3, BE
WEE (293K) THY, F—F o heLTE24FogDMgOEH, A rEBHA
FCRNRNy XY P77, MIEEZ200WTHY, KREHEIZO0. 008 nm,/
sTHbH, COFETHELI-Mg O T7TENLT » ARETH L0, ZE,PS5300TC
FTCHEEEZ FHSE, 300CITBWTERMFRE TS 2icky, fRfbEhi=M
sOZHELZ RS,

[0026]

M. OXKIHDIEAFFEEL L TE, RERICOXKIEMNEL 2R B TRERITY HiE OK
HEEPSEAT L. OXKEOH L IREN &6 X I3EE T 5 X< U X3 5 IRt
SV EIT-o CHIBEEDOKRME CHEB I 2 HEOWTREZH TR,

(002 7]

PlE. REROFZREIC L uiibiEFgnc L. Ay 2 Y e HGT T E
N7 7 AMg O ML 2RI 7 =— VAL X O RILT 2728, T &R0 72
EEPBDLERE WS HERD 5,

(00 28]

Xz, ARFEHOEOFREDOEFANC L 2 SEE T I > THE 2 B L >3l
112, M1 113, AFEHOEROFEOE M LEMT JOoZTHELZ RITHXTHY
D1 (B ISHETAXTH S, M1 1ISRT L OIS, AEROTZREC & 5 BSdthis
¥, FiCEROEIC L 5 mSEWiE T 2 ARk, BHEMgOx (1 00) HH0E
(100) RRMEAMEINEIY L 7-EEXKHZHEMg O (0<x<1) /g5 0 3iTifL
Tk onsEME LT, 7ENLT 7 AjdltEEe. MIXIFCoFeB/@501,. 505
PHOWERIHRERS S5, TENT 7 ARG ST, PIAEEEEESRWIE ARy Z U
TEERAOCTERATGETH 5., 6NN 1 0FEoREOFG & IRIFEHRTH
5,

[0029]

M. TENT 7 ARSIV TE, HAIE. FeCoB, FeCoBSi, FeCoBP., FeZr. Colr
EEBHNWNLEZI L TE S,

[0030]

PlE. REBOFLERC L HBSEUAZETICDOWGTEHIHL 7228, AKHIZS h S IcHIR
NZLOTIERY, Zofl, fHeoXEE, R, flagbEan]gihc 13 Y4FEHICHH
THA A, PIZIE, Mg OJgIicBAEXRMEEATLZADLVIC, MIXIECa®Sr&x F—¥
T BIETRURNVEBEDR IR T LI HLEEZHWTOLRY, £/, Mg OEoift
HAEE LT, BTEe—LZEHZE 32y Z Y o 7EE20RC U CEIHL 72038, Zottho
HEFE O WAREETH D Z 2IEES F TR, F/-, SHEZEL ofEEL. M ITlEEd
WHALZWIFEFICBWT, 10— 6PallToExiEL. /. MELHMMICEA
THEETYH, 10— 4P affSofizisd.

EZE o F) T HEME]

[0031)

MRAM®DIBJEFEIMERROR 2B EL. FHEy MRoEESEEMR AMIZH
L7zfigLizoTn5,

(X1 o> ffj B 72 3 )

(003 2]

(1) ARHOHE 1 OO L AZMT JETH#E (M1 (B) ) &, #dhmit
KB THEFe (100) DRENXF N REEZRIHTHY, wzeiio [
100] AT HE—ErpoBREZRIH (M1 (A) ) THS,

(2] M2 (A) o2 (D) £Ti. ARIHOFEROFEEIC LS Fe (100
> /MgO (100) /Fe (100) #EZHET I mAMEHETYT (LT, TFe (
100) /MgO (100) /Fe (100) MTJ) &¥T5. ) otliE TR
ARNTRITHTH 5,
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(M3] X3 (A) i, Fe (100) MEfEM (F18EM) ODRHEEDA A—Y
ZRTHTHY, M3 (B) &, ZoOEOMgO (100) NUZP[EORHEEDA
XA—=TVERTHTH S,

(4] Mg ORKRIFICBI HSWEMMa s s A7 hMVOBHIRRZRIHTH S

(5] Mg OEEHOEEN ORI KGFE RIHTH S,
(6] Fe (100) /MgO (100) /Fe (100) MT J&ET oLl
wEEhihE 2 KT XTH B,
(7] X7 (A) 1. FRICBYAMREO NS 7 2B 2 RIHTH S,
X7 (B) 2. MTIJDOHE1E RV ou il (=4 72x&EHEX (Rap—Rp) /
Rap) 2rx3HTH 5,
(M8] TMR#Z foME:., ZoEWFFIMZ RITHTH S,
(9] MRAMOERBEEMZ RIHXTH Y., M9 (A) IMRAMOREHNTH
D, M9 (B) IMANREEEERHTHY., X9 (C) 1. HEMZ I HrEX<T
5,
(X10) PEATZ7AA Ll —O% kR )VEEEL L 2RI TMR £ T 0S8 ht
DOHMERIC L2 ELE RTHTH 5,
(M1 1) AFRHOEMOTZEEDETNC L AMT JoETHELZ RIHTHY. ¥
1 (B) ST TH5,

(5 o 3iEH]

[0033)

1 1doFe (100) J& 3--#BHEEMgOx (100) H5WE (100) Hik

AOEH
THAMENHLN L 7= 2R EM g O <8 (0<x<1) . 5+ 2DFe (100) Jg. 11
HAEREMgOx (100) H35WE (1 00) FEWEAENHEIN L 722/ EMg O &
M (0<x<1). 15--MgO (100) ¥—FKJg. 17--T¥&FT»)Fe (10
0) NEpditl (5 1#A) . 21--MgONU7Jg (100) . 23 ~TEXZFT ¥ VF
e (100) LEpEM (F2EM) . 503 --HHFRMgOx (001) 50X (00
1) FSEESESCEIN L 7=2Z/REMg O J8 (0<x<1) . 50 1-F7ENT 7 Aihkk
PEPRIC & B FEpdEM G 1@EM) . 503--MgO/NUFfE., 505 F7EINT 7 Al
YeRIC k5 EEpEEM (55 2 @) .
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(FX=] X

(1]
(A)
S
[+
LuLL
W
[100] &AM
B)
5—~t Fe(100)
3—~} MgO(100)
1 —~+ Fe(100)
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(X2]
(A)

(B)

(C)

(o))

MgO(100)E R

F—~—15 Mg0(100)
—KE

—"\_/11

7 =—JL(350°C)

b~ 17 Fe(100) TSR EE

1

+—~——15 (50nm)

+—~—11

F—~—21 Mgo(100)/\UFP R

17 (2nm)

—~—15

—~11

F~———25 CoE(10nm)

4~ 23 Fe(100) L EEIE

34—~ 21 (10nm)

1—~17

F~—15

—~11
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(X3]

(b)
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(X4 ]

4.0x1078 T T 7 T _ T T T 1
3.0x10°8 | I - B.P.(1.0X107"%Torr) i
N [ 1: MgO depo(6X10°Torr)
g ]
o 20x108 | P1 i
1 _ /
R = o S
1.0x10°8 = _
o o ~
= = 8
0.0 NS A S S
10 20 30 40 50 60 70 80
HBEH
Mass ATk IL
(X15]
7.0x10°8 ————7——————
6.0x1078 | i
~ 50x10°8| i
3
4]
— 40x10°8} ]
o
H 3o0xi08} ]
(N
20x10°8} i
1.0x1078 } i
0.0 &———— L : : .
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Application # | 12/923,643
Confirmation # | 8219

LETTER —
Filing Date | September 30, 2010
REQUEST FOR First Inventor | YUASA, Shinji
CORRECTED FILING RECEIPT Art Unit | 2892

Examiner
Docket # | NAGI-0003/JCM

Commissioner for Patents

Office of Initial Patent Examination
Customer Service Center

P.O. Box 1450

Alexandria, Virginia 22313

SIR:

Correction of the Filing Receipt is requested.

Submitted herewith is a copy of the Filing Receipt for the above-identified application
showing the requested corrections in boldface type. The corrections are readily apparent from the

application papers.

It is respectfully requested that the records of the Patent Office be corrected and that a

Corrected Filing Receipt be sent to the undersigned.

Respectfully submitted,

Date: November 12, 2010 08/5’“‘7&”/‘ g /“"’ﬁ‘“

Signed By  Douglas E. Jackson
Registration No.: 28,518

On Behalf Of  Juan Carlos A. Marquez
Attorney of Record  Registration No.: 34,072

STITES & HARBISON PLC * 1199 North Fairfax Street ¢ Suite 900 ® Alexandria, VA 22314
TELEPHONE: 703-739-4900 ¢ Fax: 703-739-9577 « CUSTOMER NoO. 38327

186057:1: ALEXANDRIA
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UNITED StATES PATENT AND TRADEMARK OFFICE
UNTTED STATES DEPARTMENT OF COMMERCR
United States Patent and Trademark Office
Address: COMMIlSSIO\TER FOR PATENTS

450
d.m,\’n'ymn 223131450

WWR.DSPIO GOV
APPLICATION FILING or “GRP ART
NUMBER 371(c) DATR | UNIT l FIL FEE RECD I ATTY.DOCKET.NO lTO'I‘ cumshm cLAmsl
12/923,643 09/30/2010 2892 1750 NAGL0003 16 6
CONFIRMATION NO. 8219
38327 FILING RECEIPT

oS fasacn o e CEIVED A
iigiggga, VA 22314-1437 NOvV 08 2010

Date Mailed: 11/03/2010

STITES & HARBISON, PLLC

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 wilil generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Shinji Yuasa, lbaraki, JAPAN;
Assignment For. Published Patent Appllcation

..........

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

(1) Japan Science and Technology Agency
(2) National Institute of Advanced Industrial Science and Technology

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

Foreign Applications
JAPAN 2004-071186 03/12/2004
JAPAN 2004-313350 10/28/2004

Request to Retrieve - This application either claims priority to one or more applications filed in an inteliectual
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 lts equwalent) Consequently the USPTO w:ll attempt
1o electrotiically retrieve these priority documents: -
If Required, Foreign Filing License Granted: 10/28/2010
The country code and number of your pnorlty application, to be used for filing abroad under the Paris Convention,
is US 12/923,643 : :
\/ f/’
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Electronic Acknowledgement Receipt

EFS ID: 8827503
Application Number: 12923643
International Application Number:
Confirmation Number: 8219

Title of Invention:

Magnetic tunnel junction device and method of manufacturing the same

First Named Inventor/Applicant Name:

Shinji Yuasa

Customer Number:

38327

Filer:

Juan Carlos A. Marquez/Victoria Shockey

Filer Authorized By:

Juan Carlos A. Marquez

Attorney Docket Number: NAGI-0003
Receipt Date: 12-NOV-2010
Filing Date: 30-SEP-2010
Time Stamp: 15:26:31

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . . File Size(Bytes)/ Multi Pages
D tD t FileN g . .
Number ocument Description fie Name Message Digest | Part/.zip| (if appl.)
NAGI-0003-R t-C ted 110133
1 Request for Corrected Filing Receipt Fe';qu:; orrecte no 2
’ p 58f84d44c9aee93944cc81175fb1f47chbfaal
cfd
Warnings:
Information:
WD EX1004
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Total Files Size (in bytes){ 110133

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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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 FILING o GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
12/923,643 09/30/2010 2892 1750 NAGI-0003 16 6
CONFIRMATION NO. 8219
38327 CORRECTED FILING RECEIPT

Juan Carlos A. Marquez

c/o Stites & Harbison PLLC N LA R A e
1199 North Fairfax Street

Suite 900

Alexandria, VA 22314-1437

Date Mailed: 11/19/2010

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
National Institute of Advanced Industrial Science and Technology
Power of Attorney:
Stanley Fisher--24344
Juan Carlos Marquez--34072

Domestic Priority data as claimed by applicant
This application is a CON of 10/591,947 09/08/2006 PAT 7,847,327
which is a 371 of PCT/JP2005/004720 03/10/2005

Foreign Applications
JAPAN 2004-071186 03/12/2004
JAPAN 2004-313350 10/28/2004

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: 10/28/2010

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

is US 12/923,643
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Projected Publication Date: 02/10/2011
Non-Publication Request: No

Early Publication Request: No
Title

Magnetic tunnel junction device and method of manufacturing the same
Preliminary Class
257

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

Substitute for Form

INFORMATION DISCLOSURE

Application #

12/923,643

Confirmation #

8219

Filing Date

September 30, 2010

STATEMENT BY APPLICANT | Firstlnventor | YUASA
Art Unit | 2892
Examiner
Sheet 1 of 1 Docket # | NAGI.0003
U.S. PATENT DOCUMENTS
Exam. Document No. Publ. Date Name Relevance -
Initial* Number - Kind Code MM-DD-YYYY Patentee or Applicant Passaggs{Figs.
2009/0324814A1 12-31-2009 | Parkin
FOREIGN PATENT DOCUMENTS
Exam. Publ. Date Name Relevance | Translation
e Country-Number- . ‘
Initial . nown MM-DD- Patentee or Applicant Passages/Fi
Kind Code ¥ YYYY PPl gs.
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

Examiner Signature

Date Considered

* Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP §609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.
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In re U.S. Patent Application of
YUASA

Application Number: 12/923,643
Filed: September 30, 2010

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

ATTORNEY DOCKET No. NAGIL.0003
Commissioner of Patents
P.O. Box 1450
Alexandria, VA 22313-1450
LETTER

Sir:

Art Unit: 2892

The below-identified communications are submitted in the above-captioned application

or proceeding:

(x) Information Disclosure Statement
with Form-1449 and references
( ) Credit card form for §.

The Commissioner is hereby authorized to charge payment of any fees associated
with this communication, including fees under 37 C.F.R. § 1.16 and 1.17 or credit any

overpayment to Deposit Account Number 12-0555.

" Respectfully submitted,

STITES & HARBISON PLLC

1199 N. Fairfax Street, Suite 900
Alexandria, Virginia 22314
Telephone: (703) 739-4900
Facsimile: (703) 739-9577
Customer No.: 38327
December 7, 2010

2355LT:00003:188612:1:ALEXANDRIA

an Carlos
I/{egistration Number 34,072

A
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SHTED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of
YUASA

' Art Unit: 2892
Application Number: 12/923,643
Filed: September 30, 2010

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

N’ Nt N wst s m as “mtt “amt ' st s’

ATTORNEY DOCKET No. NAGIL.0003
Commissioner of Patents

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

INFORMATION DISCLOSURE STATEMENT

Sir:

Pursuant to 37 C.F.R. §§ 1.56 and 1.97, this Information Disclosure Statement is
submitted in the above-identified patent application. A listing of documents to be published
on the face of any patent granted from this application is submitted herewith on Form
PTO-1449. Any other documents or information submitted for consideration by the
Examiner are listed in this paper. A copy of each foreign patent, or each publication or

portion thereof listed or herein identified, is submitted herewith.
CERTIFICATION

This Information Disclosure Statement is submitted before three months of the filing
date and prior to the mailing date of the first Office Action in the above-captioned U.S. patent
application on the merits of the above-identified application. Accordingly, no fee is due or

payable at this time.
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However, it is also hereby certified that each item of information contained in this

statement was cited in an Office Action of a co-pending U.S. Application (No. 12/659,827).

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,

n CarW
egistration No

STITES & HARBISON PLLC
1199 N. Fairfax Street

Suite 900

Alexandria, Virginia 22314
Telephone: (703) 739-4900
Facsimile: (703) 739-9577
Customer No.: 38327
December 7, 2010

182674 :1:ALEXANDRIA
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLo.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
12/923,643 09/30/2010 Shinji Yuasa NAGI-0003 8219
38327 7590 01/05/2011 | |
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 2892
| NOTIFICATION DATE | DELIVERY MODE |
01/05/2011 ELECTRONIC
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-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

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

Status

1)X] Responsive to communication(s) filed on 30 September 2010.

a)[] This action is FINAL. 2b)[X] This action is non-final.

3)[J 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

4K Claim(s) 1-16is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s) isfare allowed.
6)X] Claim(s) 1-16is/are rejected.
7)J Claim(s) _____is/are objected to.
8)[] Claim(s) ____are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
0)[X The drawing(s) filed on 9/30/10 is/are: a)[_] accepted or b)[X] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[J Al b)[JSome * ¢)[] None of:
1.[] Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No. ____
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) E Notice of References Cited (PTO-892) 4) D 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) ] Notice of Informal Patent Application
Paper No(s)/Mail Date 9/30/10, 12/7/10. 6) D Other: ___ .
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PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20101216
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DETAILED ACTION
Information Disclosure Statement
1. The information disclosure statement (IDS) submitted on 9/30/10 and 12/7/10
were filed before the mailing date of the notice of allowance on 12/17/10. The
submission is in compliance with the provisions of 37 CFR 1.97. Accordingly, the

information disclosure statement is being considered by the examiner.

Drawings
2. The drawings are objected to as failing to comply with 37 CFR 1.84(p)(5)
because they include the following reference character(s) not mentioned in the
description: 113. Corrected drawing sheets in compliance with 37 CFR 1.121(d), or
amendment to the specification to add the reference character(s) in the description in
compliance with 37 CFR 1.121(b) are required in reply to the Office action to avoid
abandonment of the application. Any amended replacement drawing sheet should
include all of the figures appearing on the immediate prior version of the sheet, even if
only one figure is being amended. Each drawing sheet submitted after the filing date of
an application must be labeled in the top margin as either “Replacement Sheet” or “New
Sheet” pursuant to 37 CFR 1.121(d). If the changes are not accepted by the examiner,
the applicant will be notified and informed of any required corrective action in the next

Office action. The objection to the drawings will not be held in abeyance.
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Claim Rejections - 35USC § 112

3. Claims 1-13 are rejected under 35 U.S.C. 112, second paragraph, as being
incomplete for omitting essential steps, such omission amounting to a gap between the
steps. See MPEP § 2172.01. The omitted steps are: forming a first and second
ferromagnetic material layers having a BCC structure.
4, Claims 9-13 and 15 are rejected under 35 U.S.C. 112, second paragraph, as
being incomplete for omitting essential steps, such omission amounting to a gap
between the steps. See MPEP § 2172.01. The omitted steps are: forming a first and
second ferromagnetic material layers on a poly-crystalline magnesium oxide layer.
5. Claims 14 and 16 are rejected under 35 U.S.C. 112, second paragraph, as being
incomplete for omitting essential structural cooperative relationships of elements, such
omission amounting to a gap between the necessary structural connections. See
MPEP § 2172.01. The omitted structural cooperative relationships are: between the
first and second ferromagnetic material layers and the tunnel barrier layer.
matches the coefficient of thermal expansion gradient of the substrate.

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

process or product of the instant invention.

Conclusion
6. 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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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Thao Le can be reached on (571) 272-1708. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system Status information for published
applications may be obtained from either Private PMR or Public PMR. Status
information for unpublished applications is available through Private PMR only. For
more information about the PMR system see http://pair-dkect.uspto.gov. Should you
have questions on access to the Private PMR system contact the Electronic Business

Center (EBC) at 866-217-9197 (toll-free) or EBC_Support@uspto.gov.

AC/December 17, 2010 /Alonzo Chambliss/
Primary Examiner, Art Unit 2892
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In re U.S. Patent Application of
YUASA

Art Unit 2892

Application Number: 12/923,643
Examiner:
Filed: September 30,2010 Alonzo Chambliss

For: MAGNETIC MULTILAYER FILM (as amended)

Attorney Docket No. NAGI.0003

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 January 5, 2011, the period of
response to which is set to expire on April 5, 2011. Please amend the above-referenced

~ application as follows:
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IN THE DRAWINGS

Please amend/replace Figure 9(C) with the substitute Figure 9(C) provided in the
replacement sheet of drawings submitted herewith. The Examiner objected to Figure 9(C) of
the drawings, stating that the reference character “113” included therein is notAmentioned
within the specification. Accordingly, a replacement sheet of corrected drawings in which
the reference character “113” is being removed from Figure 9(C) is being submitted herewith,

thereby rendering moot and/or obviating this objection.
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IN THE SPECIFICATION

Please amend/replace the Title of the Invention for the instant application as follows:

MAGNETIC MULTILAYER FILM WNNELAWGHON—DE—V@E—A—ND—ME:FH‘QDQF
MANUEACTURING-THE-SAME
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IN THE CLAIMS

Claims 16-19 are pending in this application, wherein claims 1-15 are being canceled

without prejudice or disclaimer, wherein claim 16 is being amended to improve form, and

wherein claims 17-19 are being newly added, all as follows:

1-

16.

17.

15.

(Canceled).

(Currently Amended) A magnetic multilayer film comprising:

a first amorphous ferromagnetic material layer;

a second amorphous ferromagnetic material layer; and

a poly-crystalline magnesium oxide layer located between _the first and second

amorphous ferromagnetic _material layers that includes magnesium oxide having

oxygen vacancy defects.

(New) A magnetic multilayer film comprising:

a first amorphous ferromagnetic material layer;

a second amorphous ferromagnetic material layer; and

a poly-crystalline magnesium oxide layer located between the first and second
amorphous ferromagnetic material layers that includes magnesium oxide having

oxygen vacancy defects and in which (001) crystal plane is preferentially oriented.

(New) The -magnetic multilayer film according to claim 16, wherein the first

amorphous ferromagnetic material layer comprises CoFeB alloy.

(New) The magnetic multilayer film according to claim 17, wherein the first

amorphous ferromagnetic material layer comprises CoFeB alloy.
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REMARKS
The above amendments to the above-captioned application along with the following
remarks are being submitted as a full and complete response to the Office Action dated
January 5, 2011 (U.S. Patent Office Paper No. 20101216). 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 16-19 stand for consideration in this application, wherein
claims 1-15 are being canceled without prejudice or disclaimer, wherein claim 16 is being
amended to improve form, and wherein claims 17-19 are being nery added.

All amendments to the application are fully supported therein. For example, the
amendments to the claims are supported by paragraphs [0050]-[0051] 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:.

Formality Objections/Rejections

The Examiner objected to Figure 9(C) of the drawings, stating that the reference

character “113” included therein is not mentioned within the specification. As set forth-

above, a replacement sheet of corrected drawings in which the reference character “113” is
being removed from Figure 9(C) is being submitted herewith, thereby rendering moot and/or
“obviating this objection.

The Examiner rejected claims 1-16 under 35 U.S.C. §112, second paragraph, as being
incomplete. In particular, the Examiner stated that the step of “forming first and second
ferromagnetic material layers having a BCC structure” is omitted from but essential to claims
1-13, that the step of “forming first and second ferromagnetic material layers on a poly-
crystalline magnesium oxide layer” is omitted from but essential to claims 9-13 and 15, and
that the structural relationship that “the thermal expansion gradient of the substrate between
 the first and second ferromagnetic material layers and the tunnel barrier layer” is omitted
from but essential to claims 14 and 16. (Office Action, p. 3).

As outlined above, claims 16-19 remain of record. According to section 2172.01 of
the U.S. Manual of Patent Examining Procedure, “essential matter may include missing

elements, steps or necessary structural cooperative relationships of elements described by the

-5-
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applicant(s) as necessary to practice the invention....[A] claim which fails to interrelate
essential elements of the invention as defined by applicant(s) in the specification may be
rejected under 35 U.S.C. 112, second paragraph, for failure to point out and distinctly claim
the invention.” (Citations omitted). Nevertheless, “[a] claim does not necessarily fail to
comply with 35 U.S.C. 112, second paragraph where the various elements do not function
simultaheously, are not directly functionally related, do not directly intercooperate, and/or
serve independent purposes.” MPEP 2172.01. Moreover, “[f]leatures which are merely
preferred are not to be considered critical.” MPEP 2164.08(c). '

In this regard, Applicants respectfully submit that any necessary structural

relationships between the first and second ferromagnetic material layers and the poly-
crystalline magnesium oxide layer are sufficiently recited in claim 16 as presently amended.
With respect to the assertion that the structural relationship of “the thermal expansion
gradient of the substrate between the first and second ferromagnetic material layers and the
tunnel barrier layer” is omitted from but essential to claim 16 on page 3 of the Office Action,
Applicants respectfully submit that it is not clear what is meant by this assertion and therefore
withhold comments thereon.

Accordingly, Applicants respectfully submit that /file present invention as claimed is
definite and request reconsideration and withdrawal of the rejection of claim 16 under 35
U.S.C. §112, second paragraph. For at least these reasons, Applicants further respectfully

submit that the present invention is now in condition for allowance.
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Conclusion

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
STITES & HARBISON PLLC
1199 North Fairfax.Street
Suite 900

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

(703) 739-9577 Fax
Customer No. 38327

April §5, 2011
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DocCode - SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 12923643 Document Date: 04/05/2011

The presence of this form in the IFW record indicates that the following document type was received in paper
and is scanned and stored in the SCORE database.

e Drawings

Images of the original documents are scanned in gray scale or color and stored in SCORE. Bi-tonal images are
also stored in IFW. Defects visible in both IFW and SCORE are indicative of defects in the original paper
documents.

To access the documents in the SCORE database, refer to instructions developed by SIRA.

At the time of document entry (noted above):
e Examiners may access SCORE content via the eDAN interface.
e Other USPTO employees can bookmark the current SCORE URL (http://es/ScoreAccessWeb/).
e External customers may access SCORE content via the Public and Private PAIR interfaces.

Form Revision Date: December 8, 2006
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ITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of

YUASA ‘
Art Unit 2892
Application Number: 12/923,643 '
Examiner
Filed: September 30, 2010 Alonzo Chambliss

For: MAGNETIC MULTILAYER FILM (as amended)

N e e N N v et N’ N e gt

Attorney Docket Ni 0. NAGL0003

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

COVER LETTER
Sir:

[x] The fee for submission of claims is calculated as shown below:

FOR TOTAL WITH TOTAL ’ CLAIMS RATE CALCULATION
NEW CLAIMS CURRENTLY ON ALREADY
ADDED FILE PAID )
Total Claims 4 ) 16 x $52 0
' (Over 20) .
Independent 2 6 x $220 0
aims
(Over 3)
MULTIPLE + $390 0
DEPENDENT .
CLAIM(S)
REDUCTION FOR FILING BY SMALL ENTITY (note 37 C.FR. §§ 1.9, 1.27, 1.28). XY
TOTAL ' $0

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

[ x] Response and Amendment to Office Action [ ] Information Disclosure Statement
(with claim amendments) - [ x 11 sheet of replacement drawings

[ ] Substitute Abstract [ ]1RCE

[ ] Preliminary Amendment [ ] 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 setin 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.
[ ] 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,
STITES & HARBISON PLLC

1199 North Fairfax Street, Suite 900
Alexandria, VA 22314

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

April 5, 2011
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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 12/923,643 09/30/2010 | [ 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))
L1 seARcH FeE N/A N/A N/A N/A
(37 CFR 1.16(Kk), (i), or (m))
[J ExamiNATION FEE
(37 CFR 1.16(0). (p). or (a)) N/A N/A N/A N/A
TOTAL CLAWS P s - on [xs -
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 ($125 for small entity) for each
¢ 16(s)) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
— | 04/05/2011 | ,rreq PREVIOUSLY EXTRA RATE®) | Fee () RATE (9) FEE ($)
5 AMENDMENT PAID FOR
s If;fll)') (27 CFR -4 Minus | == 20 -0 Xs = OR | x ss2= 0
5 .
z ) -2 Minus | -3 -0 Xs = OR | x s220- 0
<§( 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®) | Feg () RATE (9) FEE ()
= AMENDMENT PAID FOR
E I?;(?)I) (37 CFR * Minus | ** _ X $ = OR | X% =
= FEE B winus | - - xs__- OR I x5 -
Z D Aoplicati )
] pplication 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
::(If the ej‘ntlry in column 1 is Ies-s Ihalm I1)ht=T emr): in c-lvi)lumn 2, Vérile? (I) in column 3. o Legal Instrument Examiner:
If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”. JKIM WATSON SAUNDERS/
*** 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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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 12/923,643 09/30/2010 | [ 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))
[J 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 ($125 for small entity) for each
¢ 16(s)) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
— | 04/05/2011 | ,rreq PREVIOUSLY EXTRA RATE®) | Fee (g RATE (9) FEE ($)
5 AMENDMENT PAID FOR
s If;fll)') (27 CFR -4 Minus | == 20 -0 Xs = OR | x ss2= 0
5 .
=] B R I -0 T Sl EECN 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% =
= | noceercent - Minus | = - Xs = or[xs -
Z D Aoplicati )
] pplication 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”. /CHRISTINE MOLLISH/
*** 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

In re U.S. Patent Application of
YUASA

Application Number: 12/923,643
Filed: September 30,2010

For: MAGNETIC MULTILAYER FILM (AS AMENDED)

Attorney Docket No. NAGIL.0003

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

Alexandria, VA 22313-1450

N Nt Nt Nt et vt et et e’ e’ et

Art Unit 2892

Examiner:
Alonzo Chambliss

SUPPLEMENTAL RESPONSE AND AMENDMENT UNDER 37 C.F.R. §1.111

Sir:

This is being submitted to replace the Response'that was submitted on April 5, 2011

in reply to the Office Action mailed on January 5, 2011. The Response filed on April 5, 2011

was submitted with a typographical error corresponding to a quotation of a portion of the

Office Action mailed on January 5, 2011. Accordingly, Applicant respectfully requests

consideration of the present Supplemental Response in place of the previous Response filed

on April 5, 2011 that is now being superseded by the present Supplemental Response. Please

amend the above-referenced application as follows:

WD EX1004
Western Digital v IP Bridge
Page 167



IN THE DRAWINGS
Please amend/replace Figure 9(C) with the substitute Figure 9(C) provided in the

replacement sheet of drawings submitted herewith. The Examiner objected to Figure 9(C) of

the drawings, stating that the reference character “113” included therein is not mentioned
within the specification. Accordingly, a replacement sheet of corrected drawings in which
the reference character “113” is being removed from Figure 9(C) is being submitted herewith,

thereby rendering moot and/or obviating this objection.
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IN THE SPECIFICATION

Please amend/replace the Title of the Invention for the instant application as follows:

MAGNETIC MULTILAYER FILM FUNNEL-FUNCHON-BDEVICE-AND-METHOD-OF
MANUFACTURING-THE-SAME
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IN THE CLAIMS

Claims 16-19 are pending in this application, wherein claims 1-15 are being canceled

without prejudice or disclaimer, wherein claim 16 is being amended to improve form, and

wherein claims 17-19 are being newly added, all as follows:

1-15.

16.

17.

18.

19.

(Canceled).

(Currently Amended) A magnetic multilayer film comprising:

a first amorphous ferromagnetic material layer;

a second amorphous ferromagnetic material layer; and
a poly-crystalline magnesium oxide layer located between the first and second

amorphous ferromagnetic material layers that includes magnesium_oxide having

oxygen vacancy defects.

(New) A magnetic multilayer film comprising:

a first amorphous ferromagnetic material layer;

a second amorphous ferromagnetic material layer; and

a poly-crystalline magnesium oxide layer located between the first and second
amorphous ferromagnetic material layers that includes magnesium oxide having

oxygen vacancy defects and in which (001) crystal plane is preferentially oriented.

(New) The magnetic multilayer film according to claim 16, wherein the first

amorphous ferromagnetic material layer comprises CoFeB alloy.

(New) The magnetic multilayer film according to claim 17, wherein the first

amorphous ferromagnetic material layer comprises CoFeB alloy.
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REMARKS
The above amendments to the above-captioned application along with the following
remarks are being submitted as a full and complete response to the Office. Action dated
January 5, 2011 (U.S. Patent Office Paper No. 20101216). 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 16-19 stand for consideration in this application, wherein
claims 1-15 are being canceled without prejudice or disclaimer, wherein claim 16 is being
amended to improve form, and wherein claims 17-19 are being newly added.

All amendments to the application are fully supported therein. For example, the
amendments to the claims are supported by paragraphs [0050]-[0051] of the present
application as originally filed. Applicant hereby submits that no new matter is being

introduced into the application through the submission of this response.

Formality Objections/Rejections

The Examiner objected to Figure 9(C) of the drawings, stating that the reference
character “113” included therein is not mentioned within the specification. As set forth
above, a replacement sheet of corrected drawings in which the reference character “113” is
being removed from Figure 9(C) is being submitted herewith, thereby rendering moot and/or
obviating this objection. ‘

The Examiner rejected claims 1-16 under 35 U.S.C. §112, second paragraph, as being
incomplete. In particular, the Examiner stated that the step of “forming first and second
ferromagnetic material layers having a lBCC structure” is omitted from but essential to claims
1-13, ‘and that the step of “forming first and second ferromagnetic material layers on a poly-
crystalline magnesium oxide layer” is omitted from but essential to claims 9-13 and 15.
Furthermore, the Examiner also stated that the structural cooperative relationships of
“between the first and second ferromagnetic material Ia'yers and the tunnel barrier layer” and
that “matches the coefficient of thermal expansion gradient of the substrate” are omitted from
but essential to claims 14 and 16. (Office Action, p. 3).

As outlined above, claims 16-19 remain of record. According to section 2172.01 of

the U.S. Manual of Patent Examining Procedure, “essential matter may include missing

-5-
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elements, steps or necessary structural cooperative relationships of elements described by the
applicant(s) as necessary to practice the invention....[A] claim which fails to interrelate
essential elements of the invention as defined by applicant(s) in the specification may be
rejected under 35 U.S.C. 112, second paragraph, for failure to point out and distinctly claim
the invention.” (Citations omitted). Nevertheless, “[a] claim does not necessarily fail to
comply with 35 U.S.C. 112, second paragraph where the various elements do not function
simultaneously, are not directly functionally related, do not directly intercooperate, and/or
serve independent purposes.” MPEP 2172.01. Moreover, “[f]eatures which are merely
preferred are not to be considered critical.” MPEP 2164.08(c).

With respect to the statement in paragraph 5 on page 3 of the Office Action that “[t]he
omitted structural cooperative relationships are: between the first and second ferromagnetic
material layers and the tunnel barrier layer. matches the coefficient of thermal expansion
gradient of the substrate,” Applicant respectfully submits that the language used here is
unclear, as the phrase “matches the coefficient of thermal expansion gradient of the substrate”
appears to be incomplete. However, Applicant respectfully submits that any necessary
structural relationships between the first and second ferromagnetic material layers and the
poly-crystalline magnesium oxide layer are sufficiently recited in claim 16 as presently
amended. |

-Accordingly, Applicant respectfully submits that the present invention as claimed is
definite and request reconsideration and withdrawal of the rejection of claim 16 under 35
U.S.C. §112, second paragraph. For at least these reasons, Applicant further respectfully

submits that the present invention is now in condition for allowance.
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Conclusion

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 Applicant’s undersigned representative at the address and phone number indicated

below.
Respectfully submitted,
Nicholas B. Trenkle
Registration Number 54,500

STITES & HARBISON PLLC

1199 North Fairfax Street

Suite 900

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

(703) 739-9577 Fax
Customer No. 38327

April 28,2011
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YUASA

Art Unit 2892
Application Number: 12/923,643
Examiner:
Filed: September 30,2010 Alonzo Chambliss

For: MAGNETIC MULTILAYER FILM (AS AMENDED)

Nt vt Nt sttt ' et ot ' ot st

Attorney Docket No. NAGI.0003

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

Alexandria, VA 22313-1450

COVER LETTER
Sir:

[x] The fee for submission of claims is calculated as shown below:

FOR TOTAL WITH TOTAL CLAIMS RATE CALCULATION
NEW CLAIMS CURRENTLY ON ALREADY PAID
ADDED FILE
Total Claims 4 4 x $52 0
(Over 20)
Independent 2 2 3 x $220 0
Claims (Over 3)
MULTIPLE +$390 0
DEPENDENT
CLAIM(S)
REDUCTION FOR FILING BY SMALL ENTITY (note 37 C.F.R. §§ 1.9, 1.27, 1.28). XY
TOTAL 0

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

[ x 1 Supplemental Response and Amendment to [ ] Information Disclosure Statement
Office Action (with claim amendments) [x] 1sheet of replacement drawings

[ ] Substitute Abstract [ ]1RCE

[ ] Terminal Disclaimer [ ] Other:

LODMAPCDOCSALEXANDRIAV202$45\
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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.

[ ] 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 CF.R. § 1.16 and 1.17, or credit any overpayment to Deposit
Account Number 12-0555. '

Respectfully submitted,

ey

Jflén Carl &AM

/Registration No.
STITES & HARBISON, PLLC

1199 North Fairfax Street, Suite 900
Alexandria, VA 22314

Telephone: (703) 739-4900
Facsimile: (703) 937-9577
Customer No. 38327

April 28, 2011
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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.

*|f the entry in column 1 is less than the entry in column 2, write “0” in column 3.
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

Legal Instrument Examiner:
/SHIRELL M. CARMICHAEL/

PATENT APPLICATION FEE DETERMINATION RECORD | Appication or Docket Number | Fiing Date
Substitute for Form PTO-875 1 2/923,643 09/30/2010 D 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 ($) FEE ($)
L1 Basic Fee N/A N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
[] sEARcH FEE
(37 CFR 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
TOTAL CLAS e - on s -
INDEPENDENT CLAIMS ) * ~ ~
(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 ($125 for small entity) for each
( 18(s)) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a){(1)(G) and 37 CFR 1.16(s).
[ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
p—
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED — PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
— | 04/28/2011 | erer PREVIOUSLY EXTRA RATE () | FEE () RATE (8) FEE (9)
5 AMENDMENT PAID FOR
S | ol erem <4 Minus | = 20 -0 xs = oR | x ss2= 0
S
5 '2?2’;:”1‘_’?6”:‘” * D Minus | =3 -0 X$ = OR | x s220= 0
<§( D Application Size Fee (37 CFR 1.16(s))
p—
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADDL 0
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE () | FEE () RATE (8) FEE (9)
— AMENDMENT PAID FOR
2| o erem . Minus | = - xs = orR [xs =
= EE R Minus § = A ] B
5 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

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 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. |
12/923,643 09/30/2010 Shinji Yuasa NAGI-0003 8219
38327 7590 07/22/2011 | |
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 2892
| NOTIFICATION DATE | DELIVERY MODE |
07/22/2011 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)
12/923,643 YUASA, SHINJI

Office Action Summary Examiner ArtUnit
ALONZO CHAMBLISS 2892

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

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

Status

1)X] Responsive to communication(s) filed on 28 April 2011.

a)[] This action is FINAL. 2b)[X] This action is non-final.

3)[J 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

4K Claim(s) 16-19is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.
) Claim(s) ____is/are allowed.
)X Claim(s) 16-19 is/are rejected.
7)J Claim(s) _____is/are objected to.
)0 Claim(s) ____are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
0)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[J Al b)[JSome * ¢)[] None of:
1.[] Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No. ____
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) E Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) ] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _____
3) [] Information Disclosure Statement(s) (PTO/SB/08) 5) ] Notice of Informal Patent Application
Paper No(s)/Mail Date ____. 6) D Other: ______
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20110717
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Application/Control Number: 12/923,643 Page 2
Art Unit: 2892

DETAILED ACTION
1. The amendment filed on 4/28/11 has been fully considered and made of record

in the instant application.

Response to Arguments
2. Applicant's arguments with respect to claims 16-19 have been considered but are

moot in view of the new ground(s) of rejection.

Claim Rejections - 35 USC § 103
3. 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.

4. 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=

5. Claims 16-19 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Parkin et al. (US 7,726,384) in view of Parkin (2009/0324814) and Nashimoto et al. (US

5,759,265).
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Application/Control Number: 12/923,643 Page 3
Art Unit: 2892

With respect to Claims 16-19, Parkin (384) discloses a first amorphous
ferromagnetic material layer 334 (i.e. made of CoFeB alloy), a second amorphous
ferromagnetic material layer 318 (i.e. made of CoFeB alloy), and a tunnel barrier layer
324 (i.e. made of Al, O3) located between the first and second amorphous
ferromagnetic material layers 334, 318 (see cols. 3 lines 65-67, col. 4 lines 1-14, col. 12
lines 1-15, and col. 14 lines 20-35; Fig. 3). Parkin (384) fails to disclose the tunnel
barrier layer made of a poly-crystalline magnesium oxide that includes magnesium
oxide having oxygen vacancy defects. However, Parkin (814) discloses the tunnel
barrier layer 124 (i.e. made of a poly-crystalline magnesium oxide) that includes
magnesium oxide having some level of oxygen vacancy defects (see paragraph 11; Fig.
2A). Thus, Parkin (384) and Parkin (814) have substantially the same environment of a
MTJ device with a tunnel barrier layer between 2 ferromagnetic materials. Therefore,
one skilled in the art at the time of the invention would readily recognize substituting the
poly-crystalline magnesium oxide for the Al, Oz tunnel barrier material of Parkin (384),
since the poly-crystalline magnesium oxide is a known substitute for Al, O3z and
improved the performance of the MTJ device as taught by Parkin (814). Parkin (384)
and Parkin (814) fail to explicitly disclose a (001) crystal plane orientation. However, is
it is well known in the semiconductor industry to have a (001) for a MgO layer as taught
by Nashimoto (see col. 2 lines 40-55).

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

product of the instant invention.
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Application/Control Number: 12/923,643 Page 4
Art Unit: 2892

Conclusion
6. Any inquiry concerning the communication or earlier communications from the

examiner should be directed to Alonzo Chambliss whose telephone number is (571)

272-1927.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Thao Le can be reached on (571) 272-1708. The fax phone number for the

organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system Status information for published
applications may be obtained from either Private PMR or Public PMR. Status
information for unpublished applications is available through Private PMR only. For
more information about the PMR system see http://pair-dkect.uspto.gov. Should you
have questions on access to the Private PMR system contact the Electronic Business

Center (EBC) at 866-217-9197 (toll-free) or EBC_Support@uspto.gov.

AC/July 18, 2011 /Alonzo Chambliss/
Primary Examiner, Art Unit 2892
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Application/Control No. Applicant(s)/Patent Under
Reexamination
. . 12/923,643 YUASA, SHINJI
Notice of References Cited . .
Examiner Art Unit
ALONZO CHAMBLISS 2892 Page 1 of 1
U.S. PATENT DOCUMENTS
* COUmB%CoudZ.mtm'iimﬁé Code MMD-‘\a(t\?YY Name Classification
* | A | US-6,379,978 04-2002 Goebel et al. 438/3
* B | US-7,276,384 10-2007 Parkin et al. 438/3
* | ¢ | US-5,759,265 06-1998 Nashimoto et al. 117/105
*| p | US-6,911,685 06-2005 Anthony et al. 257/295
* E | US-6,767,655 07-2004 Hiramoto et al. 428/811.2
* F | US-6,054,226 04-2000 Takeda et al. 428/682
G | US-
H | US-
| us-
J | Us-
K | US-
L | US-
M | US-
FOREIGN PATENT DOCUMENTS
* CounirDyoCcoudz-?\lr:}ml\tl)LeJTPgs; Code MMET‘?\?YY Country Name Classification
N
(o]
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
u
\Y
7
X
*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.
U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20110717
WD EX1004
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Application/Control No.
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Reexamination

YUASA, SHINJI

Examiner
Alonzo Chambliss

Art Unit

2892

v Rejected

Cancelled N

Non-Elected

A Appeal

= Allowed

Restricted I

Interference

0] Objected

[ cClaims renumbered in the same order as presented by applicant

O cpa

T.D. O R..47

CLAIM

DATE

Final Criginal

12/17/2010

07/18/2011

1

v

O[N]~ |lw|[N

-
-

ANENENENENENENENENENEN ENENENAN

SNENENEN

U.S. Patent and Trademark Office

Part of Paper No. :

WD EX1004
Western Digital v IP Bridge

Page 183



Search Notes

Application/Control No.

Applicant(s)/Patent Under
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EAST Search History

EAST Search History

EAST Search History (Prior Art)

‘Ref Hits {Search Query DBs Default Plurals {Time Stamp
# Operator
L1 12 "438"/$.ccls. and US-PGPUB; OR ON 2011/07/18
poly near5 (MgO USPAT; 08:12
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5 amorphous adj3 USPAT; 08:12
(ferromagnetic USOCR; FPRS;
CoFe) EPO; JPO;
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5 amorphous near5 USPAT; 08:13
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IN THE UNITED STATES PA}TENT AND TRADEMARK OFFICE

For: MAGNETIC MULTILAYER FILM (As Amended)

n re U.S. Patent Application of )
)
YUASA )
) Art Unit 2892
Application Number: 12/923,643 )
) Examiner:
Filed: September 30,2010 ) Alonzo Chambliss
)
)
)
)

Attorney Docket No. NAGL0003

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
() Check for $0.00

The Commissioner is hereby authorized to charge payment of any fees associated
with this communication, including fees under 37 C.F.R. § 1.16 and 1.17 or credit any
overpayment to Deposit Account Number 12-0555.

Respectfully submitted,

STITES & HARBISON PLLC an CMISW
1199 North Fairfax Street, Suite 900 Registration Ntimber 34,072
Alexandria, Virginia 22314

(703) 739-4900

Customer No.: 38327
October 6, 2011
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

For: MAGNETIC MULTILAYER FILM (As Amended)

re U.S. Patent Application of )
)
YUASA ) ,
) Art Unit 2892
Application Number: 12/923,643 )
) Examiner:
Filed: September 30,2010 ) Alonzo Chambliss
)
)
)
)

Attorney Docket No. NAGI-0003

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:

[ 1 (a) Concurrently with the [RCE] application or not more that three months from the filing date [of
the RCE] 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 RCE in the above-identified U.S. patent
application but 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

_ IX] (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 such application, whereby
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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.F.R. §1.97, and Parts 1(c) or 1(d) above,

Applicant(s) hereby certify that:

[X] 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 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,

STITES & HARBISON PLLC
1199 North Fairfax Street

Suite 900

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

(703) 739-9577 Fax

Customer No. 38327

October 6, 2011
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0P Customized PTO/SB/08a+b (07-09)
/\ stitute for Form 1449/PTO Application # 12/923,643
- ay Confirmation # 8219
> 06 FORMATION DISCLOSURE _Filing Date September 30, 2010

N TATEMENT BY APPLICANT Firstinventor YoAsA
Lemank Examiner Chambliss, Alonzo
Sheet 1 of 1 Docket # NAGI-0003
U.S. PATENT DOCUMENTS
Exam. Document No. Publ. Date Name Relevance
Initial* Number — Kind Code MM-DD-YYYY Patentee or Applicant Passages/Figs.
2007-0195592 A1 08-23-2007 Yuasa
FOREIGN PATENT DOCUMENTS
Exam. Publ. Date Name Relevance Trans-
Initial* i?“"‘”‘”“ﬂ?o%’n' MM-DD- Patentee or Applicant Passages/Figs. | lation
ind Code
YYYY
JP 2008-004956 ' 01-10-2008 | Japan Science & Technology
Agency;
Abstract
National Institute of Advanced
Industrial & Technology
NON PATENT LITERATURE DOCUMENTS
Exam. | Include NAME of the author (in CAPS), Title of Article/ltem, Date, Page(s), Translation
Initial* | Volume-Issue No., Publisher, City and/or Country where published
Examiner Signature Date Considered

* Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP §609. Draw line through
citation if not in conformance and not considered. include copy of this form with next communication to the applicant.

1 Corresponds to U.S. Document No. 2007-0195592 A1 listed above.
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Searching PAJ
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PATENT ABSTRACTS OF JAPAN

(11)Publication number : 2008-004956
(43)Date of publication of application : 10.01.2008

Page 1 of 1

i)

(6Int.Cl. HOIL 43/10 (2006. 01)
HOTL  43/08 (2006. 01)
HorL 43/12 2006. 01)
HOIL 21/8246  (2006. 01)
HoIL 27/105 (2006. 01)

—

(21)Application number : 2007-210197
AGENCY
NATIONAL INSTITUTE

(71)Applicant : JAPAN SCIENCE & TECHNOLOGY

OF

ADVANCED INDUSTRIAL &

TECHNOLOGY

(22)Date of filing : 10.08.2007 (72)Inventor : YUASA SHINJI

(30)Priority

Priority number : 2004071186
2004313350

Priority date : 12.03.2004
28.10.2004

Priority country : JP
JP

—

(54) MAGNETORESISTIVE ELEMENT, AND ITS MANUFACTURING METHOD

(57)Abstract: {A)

e 15 o

PROBLEM TO BE SOLVED: To provide a tunnel
magnetoresistive element (TMR element) an output
voltage of which can be increased and a resistance value
of which is set to an optimum low value for MRAM, and (8

to provide its manufacturing method. R

w58

e

~11

17 regar TYRRS
Dy

SOLUTION: A single—crystalline MgO(001) substrate 11
is prepared. An epitaxial Fe(001) lower electrode (a first

i il

electrode) 17 with the thickness of 50 nm is grown on an

MgO(001) seed layer 15 at room temperature, followed «

ik IR

by annealing under ultrahigh vacuum (2 X 10-8 Pa) and — =

P13 Crwmt
4K

at 350° C. An MgO(001) barrier layer 21 with the
thickness of 2 nm is epitaxially formed on the Fe(001)

lower electrode (the first electrode) 17 at room

temperature, using MgO electron—beam evaporation. An ™

Fe(001) upper electrode (a second electrode) 23 with

the thickness of 10 nm is then formed on the MgO(001)

barrier layer 21 at room temperature. This is
successively followed by the deposition of a Co layer 21

with the thickness of 10 nm on the Fe(001) upper

electrode (the second electrode) 23. After that, the sample prepared above is microfabricated

into an Fe(001)/Mg0(001)/Fe(001)TMR element.
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BEERMICR IR TS, Fe (001) 3. BCCHREZATIHEMETH D, F
T, BEEMgO (001) 24K 1 12%L. MBEE (FHIEFF T —,) I2&
D, BESMgO0 (001) XK1 10XRAOE 7407 —%HETEH-DH, MgO (0
01) - FB1YHEETZ, #ELT, W1 (B) KRTLHE, 50 nmEOLY
¥ x)VFe (001) THEME (5188 17%Mg0 (001) >—FB15L
KERTHEEL. XWT, BEEZT (2X10°® Pa) KBWT, 350CT7=—
WELTH, H. BFHRAEBF BT 2541, IEBEMXS Kk VTHYH., KEZEEDO. 0
2nm/ . REREHNER (W29 3K) . BEFgEEFov— Xﬁﬁkbfﬁm%§”
HHEBEOMgO (MgdOEkplHd 1 1 1) ZHW, V—RERLOEHE%240cmt

L. BEEEEZEEN1X10"°Pa. O, FEHN1IX10"° PaThd, H. 1L

Bl oM g0 (Mgt OQLtolkd1l @ 1) ofbhic, ORBEEAETIZIV— A%
HTaZLBUERTH S, :
[0023]
@3(A)u‘b®%®Fe(001) % &
. Fe

BHR) 17DRHEEDA #—
TERTETH B, M3 (A) WHRTIIHIE 1)

(%1
(00 THER F188) 17
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HEFZESMEEFHEZ AL TWE I EERLTWVS, RNT, M2 (C) WRTLI
2, 2nmEOMgC (001) NYUT7TEB21%Fe (001) THER (B188) 1
TLESETIEIF VA NVEETZ, OB, MgOBFE—LABFEZRAV,
M3 (B) 3. ZoBoOMgO (001) NUTB21DORHEEDA A— Y% RTHT
$HBo M3 (B) WRTLHIK,. MgO (001) NUT7R21DRIFRASMELFHEHNE
FHLTWBI ERRLTWD,

[0024]

B2 (D) WARTELHIRT. Mg0O (001) NUY7E21LEIE, BEETES10nmD
Fe (001) EEEE (FE2BF® 23%BELAL, EELT. 10 nmESIDCo B
25%Fe (001) LEPBH (FE2EHR) 23 LICHELZ, CoE25ik. LHER
23DBRFIHEEDHBIELERLI > TERFITBIAEETZEBRT2-.0DD0bDTH B, RNT
. PREOERRBAMEMTILTFe (001) /Mg0 (001) /Fe (001) T
MRZF2ERER T %, '

[0025])

LREBTE— 2L MgO#EEIX. 10 ° TorroBBHEERECHELIT-o %~
o COFETIR, FIZEFSARKEK IO nmOEEZITo - BETH., BEEHT
HY, BIFLESEIBEEINT VD I L2 b22, M43, Mg ORERIZBIT LR
Fx¥ Y ARADOMEEMa s s AT MVOBHBERZ R TR TH S, M4 KRT I,
ODARZ FPWP1EQ, DARZ MVP2LIHETBZFENEVI LD bbb, W5 it
Mg OEFTOBRESEOBRMBEFEEEL R IR TH S, MS5IRT LI, BES
FEE#AEEIZVENCE, BMERELLDIBESEDLDEL 2B L, X, MgO®
WHEBILBIEIMg OO DBREDH KLY RRTHLNOTH Y, B L BEIIEZERY
TR Lo THEBEEEOMNICEFR S Z 6, Mg0O, (0. 9<x<1) oL ILE
EREPECLTVBHWEEEN DD, BERENPELLEMgO A NVEROF S HE L
hhHEEZBN (Bl E, 0.10~0.85e V., X DEFHIICIZ0.2~0.5e VORHK) .
WEY, FPUOALBRIENTLZIOLELONG, M. —BRITAL —O bR IVER
OEE. Fe (001) toMo M FVEREOFIIX. 0. 7~2. 5eVEEILHN
o TRIHLT, MgORRIIBHEMNL F A NEROE X3, 6 e VTHY., EE
i LTiZ0. 9~3. 7TeVOEITELRTVE, FERBOEBBIC L2 FELTHWVWS &
. 0. 3eVEEDMN ANEEOF IOPHESIN, MR VEROEEIILITETSH
22t hs, HL., 2OMMoER., AIZ FMADOI—L Y M2 A NOEEDLH
HELTWATENEIDH D, M, BEXEKCESMgO, oxDfELLTiX. 0. 98<
x<1l., VFFLCIFO0. 99<x<1EETHY. Mgl fhkn it dboldEdTny
Mg O ERANICIMFT I LB TH S,

[0026]

., k. NARAVEEOE S 4. TMREFOBLAZEEME (A VEREE]
ENRALATABEVORE) . WKBARBICESWZAS immo n s AR GEEF X
J. G. Simmons: J. Appl. Phys. 34, pp.1793-1803 (1963).® (2 0) &) X4 Tid
BEIRNBAERETIAI VT AT TBILINIoTEKRDE OB, BFOENEER
ELT, HHBEFOHE (m=9. 11X10°°" kg) 2AVTT74 v 574> 7%47
oo J - VEMCIESHUEISBANIIEED NN 7RAEEV GBR%500mV~1000
mVIEE) FTEHMTIRIE, SimmonsDRAZHWT] - VEMEE 71 vF4 7T
ZZEREY, POANEBEBOBGEGE N RNVEEOEDESA s FEBIIRETS S
A% D,

[0027)

ST, POANEEBOBSYESAsZ. TMREFONEEBBTFHEME (TEM)
ERPLRDEERBOMg 0 (001) F/ANEREBOES (ty,o0) £0d. 0
. 5 nmiZEENMEL ok, THIZ. MgO (001) BEFe®Co%2ERP LTS
SEBORBERELIBEHERBTF VY NOHBRILI-T, P A NVEBOBHES A s b
EBOMg0O (001) BOEIINLEL Zo-EBRTH 5,
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[00238])

. METEMEREZHAWVWT ty ;, o PEBERKDZZ LA TEZHEEIT. UTEAR
LDEIIBFET, LVBIEICKN I NVEREOEIGZREDLILIHKkL, Thbb,
TMREFICEIMNT 234 TABEVIEY GBE. 100mVLUT) 846, FPFILE
MEEJINSA TABEVICHAIL, ] - VEHERIEIEEBREL L2, 2D& 5 REBNSA 7T
ABEOFERTIZ. SimmonsdRIF. R (2) DLHKERRTE S,

[0029])

J=02m¢)?*/Asle/hYXexp [-(4rxAs/ hI)X(2m¢)?] XV

(2)

T, mIEEBEFOHR (9. 11X10° %" kg) . eidFEEBMH (1. 60X
10°°C) . hid7/o 2% (6. 63X10°°* J.-5) Thd, ¥7/2. b
INVBEOEMESASII. As=ty 0 —0. 5nmTHD, TMREFDENAT
ABEFERDO ] —VEME (2) RET1 971 v 7TE, P AVEEDOES ¢ 2
FEhrOEMHICRELSZ I EAhAHES,

[0030])

Heit, Lttt v#EELLZFe (001) /Mg0 (001) /Fe (001
) TMREFOMBBLHAIENBMB L2 R INTDS, AEEE20KIEBVWTMRE 1
46%THhH, HIEHEE29I3IKICBVYTMRIEIIZB 8% THo7o ZOfEIF. HET T
KBRIEBVWTEBLNALARLDEVMRETH 2, CHLILTFEVMREEF., Fe (001
) BEOAE VBRI -THBPT LI LIITET, LA, J—LY M2 AV VR
B2 7 WEETLEEZONS, 1 6 0BOTMREFZHMELA-EE. MRE
ERUVRANVERMBLEICETLIESDXIE. 20% R TH o772 TMREFOEEIN D
EEREEBTIOULUETH o/ SOOI RENMEIIR, K7 U —FOEDMEZRE L
Tvd, TMREZEFOEI—=VT7H (RA) . #kQpuem® THH. TDfEIZ. MR
AMb:ﬁLfC'ﬁgT‘\a‘béo
[0031]

7 (a) 2. BSREBUTLIMRED S 7TABEEREES2RIHTHL, W7 (a)
KRTEHIK, MRUED/SA 7 ABERERIIIZVIENZ Db 2D, IENFH 4%
FRTH, MREDPEBTEZEE Va1l 1 250mVEVIFEBELEVEIELNLTYS
o . HEHKDA I —ORIBIZMRHD¥RTIEBEV,.1+13300~600mVTDH
b5, @7 (b) . TMREFOHDEBEBE V. i (=14 7REEX (Rap—Rp)
/SRap) ¥R To HHOBEV ... OFKMBEIRENSNA 7AIZBWT 38 0mVOEHESL
NTWwa, CofEit. Al —OXXYT7OHEHME (200mVES) DY 2EDMETH D,
ZHDIHI,. MRELHDEBERELOWHFTHEWESE LN LI LT, KEHOEEICL S
BfiosHmERL TS,

[0032])

M., LREEFOBEICBNTIZ,. BCCHFe (001) ZHWVED, fbYIZBCC
DF e%EL. P, Fe—Co&4. Fe—NiE4€. Fe—Pt&LE*HVEZ L
bTED, BWIIBEELMgO (001) BLoMic, 1 EFrBXREETFEBEEDE
EDOCo. NizERBALTH AV,

(0033) '

R, AREOE 2 0EROT B L Z2HEENETFRUZTOREF B O>VWTHA %R
790 REHDOHEIWLLSZFe (001) “Mg0O (001) /Fe (001) TMRZE
C FORBHETIR TTANY I YV IEREICLIYMgO (001) BRI -3 7
ENT P ARBECHBEL, 2ORICTo—VAERZTIZEICEY (001) REEHSE
MLAZESTAREERET 8288 T2, A5y 2 V0 7E&BiT, 12, BE
HEIR (293K) THhH., ¥y—r v e LTE24vF4DMgO%AV, ArFBHK
FTANY Z ) T % fTo72, NFHBHIZ200WTHY ., KEHEFEIZ0. 008 nm./
S THbdo, COEUTHBLLMgORTENVZ7ARBTHE D, BER,5300T
FCHEEXERASIY, 300 CKEBVWT—EBMESE2TLItL ., ERLai-M
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‘g O %'i%é el k ﬁiﬂj%%o

[0034]

M., OREOBEAFEL LT, REBRICORE S U268 CHRE®ITY FEE. OK
Hex %2 b#EATHHE, OREOIZRELLAZERE S AU BXIIERBILZ
ERNENVBILEZToTH2EEDODORME CHRETLIFEODVWTREHVWTH AV,
[0035]

Db, REBOBREBICLIZHAIEREFHEMCLINE, Ay ¥y Y FEXAVTTE
W77 AMgORMBLABRE 7o VAEH LI WERLT220, FRIZERI LY R
EEHVERVWEVIFIEDID S,

[0036)] , 10

R, KBHOEHOFEEBOLERAICL 2BMAEBMEFILOVWTHEYZRLoOHE
2179, M1 11k, ARFOEROFEEDERAL L2 TMREFOEEZRTHTSHY
LH1 (B) KR TAaRTH S, M1 1KXFETLIR, KEKBOBRBICL 2BAENE
Fid. FREROERBICL IMSEREZEF LR, BERMg 0, (001) H2w0ik
(001) HAEASEEXRETNLABERESHEAMg 0, (0<x<1) B5030HH
WRITONZBEE LT, 7TEVT 7 A5MEEE. PIZECoFeBB501. 505
PRAWASCEELED L, TENT 7 ABBEEEEIE., B EFREBZERVIIA Ny F Y v
THEXAVWTEBRTETH 2. BoNAHFRSEIE I OLEHOBEDEESLIZIZEKRTD
%o
[06037] 20

M., TENT 7 ABHEEES LDV Tik, #1Z2 ¥, FeCoB, FeCoBSi, FeCoBP, FeZr, CoZr
ERRVWDLZZELEDTED, Fh,. ETEHEBLABRE T - VLB BT L EEBD 7
ENT 7 ABEEENEIND L VRSB ICESLT2EE0H B, ThicdoTM
RESBKELCHIET B I LIZGV, LA oT, TOLHITESMMEL-TENT 7 A8
EEFTEBRBIIHBVT HE LRV, .
[0038]

b, AEHBOREC L IBRAEMEFROVWTHBA LY., ABHRZI RS ICHES
NZLOTRLZV, T/, HLAOEHE, SR, HASbEHFTERELR I LT NEEICHH
THHIo BlAE, MgOBRLEBERMBEEATLIZAbYIZ, AIZECaRSr&2 F—F
VITFTBIETI ANEEOZEIPFETLIHELZHEVTLARNL, 4. MgORBDHE 30
MAEL LT, BEFY—L2#ESEXIIANNY ) v 7EEZFNCLTHB LAY, 2otio
WHHEBELEATETHLIZLIIE I FTO LRV, T2, BEZEBLOHER. Bl IIBEY
EALZWVWEBESKBNWT, ka1 0~ * PaliTofEziL. —F. BEZEEOICEA
T28E45TH, 10 ' PaEEoMmZET,

[EH FoX B aetk)

[0039] o ,

MRAMOHBHBEEMEILEEOH 2H[CMmMEL, FHFEY MEOBEEEMR AMIZE
T2,

(o il B 2 3 EE )

[o0040]) 40
(1) XBPOE 1 DEBOHBRBILLILZTMREFOEE (@1 (B) ) &. amsk
£BTHBFe (001) DIANF— Y FEELZRIETH Y. BHEZEMD [00 1
1 FACHTZE—E, oBE2RTHE (A1 (A) ) THD,

[M2] W2 (A) 52 (D) Fcik. ABPOEHBOHBECLSLFe (001) /
MgO (001) /Fe (001) BE*HATHHRKUUEREF (UT. [Fe (001)
/MgO (001) /Fe (001) TMRETF] tHT2, ) oBBITRYERMIR
TEHTH S, ’ ’

(3] W3 (A) 2. Fe (001) THEE $E18EH) APRHEEDA X — T %5
TERTHY,. M3 (B) 3. THOBOMgO (001) "Y7BORHEEDA x—T% -
RTETH S, 50
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(M4] MgOEERICBIIBHEF v > NPONUEEMa s s A7 FVOEAKERE

FETETH B,

[H5] Mg O#BETORBRESEDEMBERERELI R TR TH S,

(@lee(001)/Mg0(001)/Fe(001)TMR$%®&&m&m%

ERMREEZRIRTH %,

[M7) @7 (A) . SRICBILZMREDNSA TABEEREUZTITHTH 2, BT

(B) 3. TMREFOHHEFEV, ., i (=4 728BFEX (Rap—Rp) /Ra

p) ERTHTH %S,

(8] TMREFOHEHEL, TOEMEERE2 TR IR TH %,

(W9) MRAMOEXEEMZ RIHTHY, M9 (A) EMRAMOSHEKTH Y., 10

B9 (B) IERMNZEBEEETSH Y, M9 (C) . BEAZRATWHER TS %,

[B010) 7ELT77AA ]l —QO% T FNVEREL LB TMREFOBRKERD /S

AT7ABREIZLZENET R THTH S,

[B011) ZRBAOERKOBEOLEMAICLAZTMREFOETFHEZFIHTH Y., X

1 (B) XI5 TH5RTH D,

[#F5oHE]

[004 1]

1--%1®Fe (001)
)

B. 20Fe (001 3m$%EM O, (00
1) Bd5W\wixk (001) 4 =

5.5 ) @
MEGEASESEN L -Z/EEM g0, (0<x<1) B

(1) (2]
(A)
(A) 1
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15 ] i ) KB
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F 2 -4 (&%) 4119 AA17 BBO1 DDO3 DD32
5F092 AA02 AA15 ABO8 ACl2 BBOS BB12 BB22 BB23 BB36 BB42
BB43 BC13 BEO2 BE13 BE21 CAO02 CA25

WD EX1004

Western Digital v IP Bridge
Page 204



JP 2008-4956 A5 2008.8.28

[AHER)] BFFEE1 72020 HEILL2HMEDER
[ 4] E£7HME2 XS
[3478] Fpi204E8F 28H (2008.8.28)

(A& 455 2008-4956(P2008-4956A)
[&BIH] ¥ 20418 10H (2008.1.10)

[ EBSH] 2K - B2 $#2008-001
[HE®S] 45E2007-210197(P2007-210197)
[ E BR4F aF 41 )

Ho1L 43/10 (2006.01)

HO1L 43/08 (2006.01)
Ho1L 43/12 (2006.01)
HO1L 21/8246 (2006.01)
Ho1L 27/105 (2006.01)
[FI]
HO1L 43/10
Ho1L 43/08 A
HOo1L 43/12
HOo1L 27/10 447
[FhmiEE)
[IeHH]) FK204E7H9H (2008.7.9)
[FHMIE 1]

(MEXRBHEE] FHFHROEHE
[MENREFEHLZ] X
(MEHE] £8
[WBIEDOHE)

CEa- R ) i)

[k 1)

FoANVERRBLE, M AVEERBOE 1 BRICER IR ALBCCHEEZETIE
1A E ., RN ANVEERBOE 2EMICBRINABCCEELHFTILIE2
DOEBIHEBL, PEITLIHRAN A NLEBEAEBESXHA-BHREEREF BNV T,

B M RANVERERD, BESEMg0 (001) 50wid (00 1) #HEEAELER
LA2ZEEMgOTHh-T, BEREEZAL., 2. P RANEEBOFIHN0. 2~0.
S5eVaodbontixh,

EFOZRTOHIDBEN200mVIENENZ L 2R ET IHRAERE .
[FkE2)

PORVEEBL., MR M ANVERBOE 1 HHICEEREINZFe (001) Ab%
ZE10OWHBEEABLE., RN A NVEEBOSE 2HEMICKEESIRAZFe (001) 25
LE2OMHEEAB L, TATAHIHA Y ANVEREBEEMALBAEREFIIBNT
ME M A NVEEREDY, BESEMgO (001) »25Wid (00 1) B EEAELEN
LZHEMgOTH-oT. BEREZEL. 2. M ANVEROFIHO0. 2~0.
S5eVaodbonrtbiby,

EFOSETOHDBED200mVINENT 288 T oBAENRETF.
[BkE3] : ~

FoRAVEREBE, RN ANVERBOS 1 HRAKEER SN AZBCCHEERETDF
eRESOHEESR (001) FAR (001) HEHEIMBEREMLLZZERKILLDE]
OEBEEBL . R M ANVEREBOE 2HMICERENBCCEERXA TSI Fe®
ELOHES (001) T4 (001) HREAESBEEEM LAEERIOLDHE 205
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BHAR L, *ETLIHRA N A NVEABELHMACHAEREF BN T,

B A VEEBY, BEAMgO (001) $20wik (00 1) SRHEIELRN
LZE#EMgOTH->T, BEXREZAL, 2. P ANEROFSIAHO0O. 2~0.
5eVodorsibh,

EFORERTOHRDEEM200mVINENI L 2B E T 2HAOUEREF.
(FEkEH 4]

(001) BREFEIELEEMLA-ZH/EMg0OTH->T,. BEXREZAEL., 2, b~
FIVEBEOFEHN0. 2~0. 5eVOLONEHRB T k%%&&?aiﬁﬁwﬁbﬁr
H200mVENBVRAEREFO M A VEREE,

[fEk1E 5 )

HIR2 M 2861 TEL,

££&LL%1®FeituBCC%L%ﬁ?aFe%Aﬁmiﬁm(001)%&

‘i (001) REATEIFEEER LS RBTHMIETLIE2TIEL.

MELE 1DOF e 37 3BCCHER2EFTHLFeREL2D (001) BLiZ, PR LE
BB ERETIBVWTHBETEEITEL.

MErN A NVERB LIS 20 F e 37 3BCCHEE*AETLF e ZE620HESR (0
01) B4k (001) ¥EEIFEEAENLASZHEBEZERTLIE4ITEL,
ETOARMABMETFOREFEILB VT,

I FNVERBA, BESMgO0 (001) 50w (00 1) #E@EIMESLEM
LAZREEMgOTH-T,. BEXRELXYAEL, 2. ' A NVEREOFSHO0. 2~0.
5eVOdonbih,

EFOERTORAIBIE 200mVENVENI L 2EBEHET2HE,

[FEk1E 6]

BESMgO (001) 2wk (00 1) #RAEIEEETDLAZZHESMg0R5%
LEEEFEMTLE I TIEL.

WRRER ECE1DF eI dBCCHEEZAETLF e RAEDHEL (001) BF
ik (001) HREIBELEEMLALASESBEZHEL. XnwT. #Rtolo 7= —
VEITHE2TIEL.

HEFE1DF eI i BCCHE2HTHF e RZRE4€D (001) BEWX P F R
BPEHEETIBVWTHETLEITIEL,

HEM ANVEEBLICE2DOF e 3 3BCCHE*ETHF e REELOHES (0
01) BT (001) #HAEIFEEEMLASHELBLBE TAH4ITEE.
AT EIRABEMETOREFEIIBNT

MR RANVEEBH, HESMgO0 (001) 2vix (00 1) FHAEHELRRA
LAZ#EREMgO0TH-T, BEXREZAEL, 2. 'R IVEEBOFEH0. 2~0.
5eVOborntbizh.,

EFOSBETORHEEN200mVINEN L2858 ET2HE,

[EkEH7)

MLl TREEE2THRLOMIC, BESEMgO0 (001) 2wit (001) #£&@
PEERMLAZZESMg O 0425 -~ FEREXHEES S IREEMAM LA L 2858 L
TEHHERKES FAI6 KHEBROBAEIMETFOREFH .

[FkES8]

EREREMTHTIEL.

MEER EICE1DF eI 3BCCHEEZ*AETAF e RELOHESR (001) BF
ik (00 1) HEFEIEERALA-ZESBRHETL TEL.

BiE1DPF eF~I3BCCREXFATHFeREEL€D (001) BECTENVTI 7R
MgORBRBREL., 7o—NCIYVEIRTELNT7 7 AMg OB &SI LTHERMg O
x (001) »3wix (001) HRAEIEEEMLAZEEMgOx (0<x<1) &
SR ANVEERBEZEBRTAIREL.

MR rANVEEB EICE2DOF e 37 BCCREXATLIF e RELOHES (0
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01) BEAix (001) H#EEMSELEM LASESLBEZHET LI TIEL.
PETHIEHRE T OHRAEBRETORE Y.

[@EkE 9]

WMRT7TENTZ 7 AMgORBERET D ELE, ANV T Y FEILEIY, MgOxDxfl
RRBEAOY -y FRHAVWTHRE., BT 28R ET 25 RKHESICEROBK
BEMEFORE B,

[@k¥E10])

BME7ENT7 7 AMgO% R T2 ITEFIC. MgOxDxfli AL T ITE»SL S
EERFHETEIFRES LAEROBMAKEMNETOEEHHE,

[FEkEH1 1]

FoANVEREBL, BIRE M A NVEEBOS 1 AAICEEINLTELVT 7 AREES
b E10MEMER L., R M A VEEBOS 2ENEEEINZTENVT 7 A
BMAET SR 2E20MBMERL., »EHTHAIHA N A VESHEELMA BHAER
EZTFICBnT,

B F > FLVEREEA, (001) #REIMEEARALAZZHEEMgOTH> T, BE
REZHEL. 2. P RANVEREOFEH0. 2~0. 5eVDOIDNLLRY,

EFOSERTOHIABEI200mVIENBEVZ L 2EMETIHAEREF.
[@EkE 1 2] :

FUORNVEERBYE, MR ANVEREBOS 1 HNICER EN-E 1 OMBMEEB L .
RN AVEEBOE 2HACHER SN F20mEMEREL ., 2HTIHRA Y+
BEEERMA-BHAEREF LBV T,

B b A VEERESS, (001) ¥RAEIELEEMDLAEEEMg0TH-T, BE
KEZHEL, 2. FPrANVEEOGIH0. 2~0. 5eVDODIDNERD,

EFOERTOHRHBEA200mVENENT L2858 T2HAENET.
[F5kE 1 3]

12D S5y PAFE, fIRBIF Sy PRAFOAEME LTAHAVLNZEREL., 2. 3.
1121 20T RBEOBMAENET LY BT HREETS
[FkE1 4]

BAEGBI~ T F I LERATD N A VERE, FZ o FANVERBOSE 1 MAKVE
TLE)MHEMEBRUE N A VEEEOE 2 MMV ET L E 2 MBENAERBEE TS

% r¥+3% £HL
[G55kE 1 5]

&ﬁjﬁmvf%/ﬁA%ﬁt;}/$»ﬁ§E Zr A nERBOE 1 ERICLE

N, SEBOE 2EHEKETSBC CEE
@%ZQ&ﬁWE%ﬁTé\ukﬁﬁﬁk?éﬁgﬁﬂiik

[Fk1H1 6]

GBI TR ILARETH I A NVEREE, S oA NVEEBBOS 1 BHREICA
Lgaggﬁﬁuhuu&uﬁﬁﬁﬁﬁﬂiﬁuﬁﬁﬁ@E&U&r/%»@EE_%
2EMEEL, BCCHEEDF e XIIF e REEN L 2 2 mHABEHE TS,

L RS T2 BSERE .

(FEkEH 1 7]

7ENZ77ACoF e BRiMEAE» %21 0oup&kE, 2H#£EEMgOx (0<x
<1) %3 A NVEREBRUTEVI7FACoF e Bﬁ'lﬁiﬁﬁi]‘&’:ﬁ%%Z@giﬁ
Eﬁ@%éﬁé\gaé%&k?%ééﬁﬁLﬁL

WD EX1004
Western Digital v IP Bridge

Page 207



L

JP 2008-4956 A5 2008.10.16

(A8 BFEE 1750 20REIC L HWMEOEBRE
[#FIX ) £ 7EAE 2 X5
[3847H) FBk 204108 16 (2008.10.16)

[REHS] %553 2008-4956(P2008-4956A)
[ABH]) B 204E148 10 (2008.1.10)
(B 5%) 2 - B2 H 2008-001
[HEER S 455 2007-210197 (P2007-210197)
[EIE4F 5 53]

HO1L 43/10 (2006.01)

HO1L  43/08 (2006.01)
HO1L  43/12 (2006.01)
HO1L 21/8246 (2006.01)
HO1L  27/105 (2006.01)
[F1)
HO1L 43/10
HO1L 43/08 7
HO1L 43/12
HOoO1L 27/10 447
[FHsEEE]
(324 H) FEL204E9A 28 (2008.9.2)
(FHME 1]

(MEXNZREBEEZ) FHFHFRKOHHA
[(MEMZREER] €X
(MEHE] £F
[IEDHWEAE)
ko)

(@kE1]

FRAVERERBL, MR M AVERBOEIHAKCEBR SN BCCHEERZETLIE
1o5mEAERB L, MR A VEEBOFE 2EACER ENABCCHEERXETLE?2
DOEBHEEB L., PATLHA N A NLVIBESBEXHALBAKERETF BN T,

RigE b VA NVERERED, HESMgO (001) 2W0Wid (00 1) #HAHEISELED
L7-Z#EEMgO0THh-oT, BEXREZAL., 2. P RAVEEBOEEH0. 2~0.
S5eVoborbih,

EFOSBETOHNEEI200mVIEDENZ L2 ET IBHAUERETF.

[k 2]

FoAVEBERBE, IR M OANVEEBOS I BACHEKEINAZFe (001) b%
LE1IOMBEEAB L. IR Y FNVEBBOE 2HMICEESENA-Fe (001) 225
BHE2OMBMER L. 2ATILIHAN A NESEE2MA -BEEREFIIBLT
M r 2 NVERBEBH, BEEMgO (001) $5nid (00 1) BEEHIELED
LAESEEEMgOTH-oT, BEREZAL., 2. P EANVEEOEEHI0. 2~0.
S5eVoborblh,

EFORRETOHNBEI200mVINENT L2 ET5HAERETF.
(@kE 3] s

FRVEBEBLE, IR ANVEEBOSE 1 GHICEBRK ENAZBCCEE:2HTAF
eREEOHER (001) F/41X (001) HAHEIMEAEMNLAZERILLZDE1
OHEBEEBL. IR A NVERBOE 2 ANICERIN-BCCHEEZ*ATLIF e &
AEOEER (001) 212 (001) BREIMEEREBALAZELIOLZDE 20

WD EX1004
Western Digital v IP Bridge
Page 208



€] JP 2008-4956 AS 2008.10.16

HHEB L, 2HETOIHA N FALESEBELZHALBREREFICBNT,

B b A VEERED, HESMg0 (001) 25k (00 1) #REEIELERD
LAZHEEMg0OTHoT, BERER2AL., 22, FrRALVEROESH0. 2~0.
5eVOLDdbi by,

FEFOERTOHHBED200mVINVEVI L 2B ETI2HRAEREF.
[FKE 4]

(001) REEIELEEO L ZEZHREMgOTH->T, BEXEZEL., 0., bV
FNEEOFEEH0. 2~0. 5eVOLONLLRBILPHHETIERTOHNIEBRE
M200mVEVBEVHRAERETFO M A VEER,

[FKES)

HARPH#EMT 2L 1 TIL,

WMaEEEIZE 1 DF e - 3BCCRES*HTHF e REL20HEER (001) BE
7212 (00 1) BEEIEERA L -ZEABTHETIE2TEL,

MEEE1DPF eF/3BCCHEEZAETAF e RELD (001) BEIC, P32 VE
EBAPEETETIEBVWCHIET2E3 THRE.

ML rM  ANVEEB LIS 20F e -l BCCHEERZHFTAF e RELOHEES (0
01) B2 (001) HEEIFELEHMLALSHABEYREE TS5 4 TREL.
PETAHAENRETOEEFEIBNT

BIFC P Y A OVEREEDS, HESEMgO (001) 5wk (00 1) SHEAELER
LAZEH#EEMgO0OTH->T, BEXREZAL. 2. FANLVEREOFEA0. 2~0.
5eVobodbih,

EFOSRTOHRDEEN200mVEINENZI L2 E T2 5,

[#kE 6]

éﬁmMgo(001)&%wu(001)#mmﬁﬁﬁﬁmtf§FmMgo#B&
HEETEMTLE L TIRL,

MRREREICE 1 DFeFLiBCCHEERZE TLHF e HELDHEER (001) BF
i (00 1) HREIELEENLL-SESBZHEL. X7, HFRtolbo7=—
NEfTHIE2TIREL.

HEE1DPF e T BCCHEELXAFITLF e RELD (001) BRIZ M 2 VERE
BYEEZZTIRBVWIHMBETLIEITIEL.

MEF A NVEERBLICE 2D F e 3 3BCCHEYHTLHF e RELOERESR (0
01) B4 (001) EAAEVELEER L-ZEABEERTI2E4L4TEL.,

PR TORAENREFOREFEICBVT,

BMEFANEERA., BEEMg0 (001) 50w (00 1) BEEIELEEM
LAZEEMgOTHh-T, BERHEEY2EL., 2., P2 VEROFEH0. 2~0.
5eVoibonrsiby,

EFOBERTOHPHEE 20 0mVIEINBENZ L 2L T2 FHE,

[FEkE 7]

ﬁ%llﬁt%21&twﬁk\¥FmMgO(OOl)&%WH(001)?mE

‘%%Rﬁbf%%mMgO#%&%/—FE%&E?@%I&%HMLf;&%%&&
T2ERES T A6 LRBOBABINEFORETE,

[FEkE 8]

ER* T 2ITIEL.

MEERECHE1DOF eI ARBBCCHEERATLIF e RESDOHEESR (001) B
7212 (001) REEHIFEEEM LS LB HBE T2 ITEL.

ML 1DPF eF I XBCCHEY*ATLFeRELD (001) BEXT7ELMTZ 7R
MgORBZEEL., 72— VI VHETEN 77 AMg OB ERME L THBEEMg O

x (001) 5w (001) HEEIEEEMLAZEEMgOx (0<x<1) & .

L b ANERBERRT S IRE.
MM ANVERBLCE2DF e 3~ BCCHREZETLF e RELOHEESR (0

WD EX1004
Western Digital v IP Bridge

Page 209



3 JP 2008-4956 AS 2008.10.16

01) BEA4iX (001) HEREMVERAERLASELIBLIMET I TEL.
PETHILHRE T ORAERETFORE I E,

[FEkEH9])

BMETELTI 7 AMgORBEBETDE X, ANV F YU IHEICLID, MgOxDx 1l
PRABEARADY — v e AVWTHE. BFE T2 2B T25 KA ICEROES
BRETFOREHE,

(k¥ 10])

WET7TEN 77 AMgO%ERTAHILEPIC, MgOxDxH2FAB T2 LE*SL
EEBFBLIIBERESKURRROBRIENEFORETE,

(Fk®E1 1]

FrAVEERBE., I ANVEEBOE 1 HAKEREINATENT 7 AHEESE
RORBEIOMBMEABL., LM A NVEEBOFE2HEAIERINALTELNT 7 R
BEAEI LR 2E20HMBMAERBL. 2 THHA M A NVIESEETHA L BEAEN
EFFIEBnT,

WM F > ALEREBD, (001) #REIEBEEMRLA-ZEEMgOTH-T, BE
KIEEZHL, 0, PRANVEREOFEH0. 2~0. 5eVDRIDH72Y,

EFOERTOHNBEEN200mVINEVI L 2R ETIHAERE T
[FkE1 2]

FoRAVERERBYE., WG N ANVERBOS 1 MEAIKCERINAE 1 DEmESRR L .
M PV AINVEREBOE2HEMCER SN - E20MBREABL., THTLHHA 2L
e ET WA CHRAEREFILBN T,

AR P AVEREEAS, (001) EHEAIEEEMLAZESMg0TH->T, BE
REZEHEL. 2. NRANVEBEOFEESHN0O. 2~0. 5eVOLbohbi Y.,

EFOBSETOHIBESF200mVEINENI L 2B ETIHRAEBRETS
[FEkE 1 3]

BCCEf%Ei %1@@@&@@ BCCHE*»HEITIE20MBMEBRUEE
BL DM ETIBEREOBIL S 27 2488

PAFE, BRIV AIOANE L THWLNLERELI., 2. 3.
i1 30WnTFRAIMCREBROBMAENMNETLEEF T HERETS

WD EX1004
Western Digital v IP Bridge

Page 210



JP 2008-4956 A5 2010.5.27

[A8IER) BHBEE 1 7TE£DO20HREL I HWEOER
[HBHXS) £7THMAE2 XS
(547 H) PR 224658 27H (2010.5.27)

[2E&S] 4553 2008-4956(P2008—4956A)
(2B H] 20415100 (2008.1.10)
[EE5H] 2H - B2 $H2008-001
[HEERS] 458 2007-210197 (P2007-210197)

(I B4 7 53
Ho1L 43/10 (2006.01)

HO1L 43/08 (2006.01)
Ho1L 43/12 (2006.01)
Ho1L 21/8246 (2006.01)
HO1L 27/105 (2006.01)
[F1]
HO1L 43/10
Ho1L 43/08 Z
HO1L 43/12
Ho1L 27/10 447
[FEmIEE]
[ 8] Frk224E4H13H (2010.4.13)
[FHmMIE 1]

[MENRERL] FFFROEH
[BENREHR] €X
[WMEFE] 25
[BMEOHE]

(4 FFeEk ps ]

[FkEH 1)

PoANVEERBE, RN  ANEREBOS 1 ERUIICERINLE 1 OEHEMEEB L .
MR A VEEBOE2THACER SN E20MEMERBL . 2B TH5HAN 2L
BEBEERMA -BAERET BV,

BIGE P R VEREBDS, BEEMg O (001) 20wid (00 1) BAEIELEMN
LAZ#EE&Mg OTH-> T, &%kﬁ%ﬁb Ao, PRALVERBOF SIHA0O. 2~0.
5eVodborbizh,

%%@iﬁf@&b%ﬁﬁzOOmVJDWwL&%%&&?6Mﬁ%m§¥O
(Fk®|2]

BIEES 1 OMptARB LA E 2 DBBEARED, LB XBCCHEERF T L2
®E+2EKE EROBKIEMETF,

[B5kE 3)

RIGEEE 1 OBt AB L ARE 2 0HHMEEED, LHLWBCCHEEZHEITHF eRE
SOHES (001) F41X(001) HEEIEEAERMLAZEELOL D Z L 255#
ET 55K EBRoOBKEIET.

[FkE4]

HiLF e BEENCoF e BEELTHH I L ¥ BB L T2 55KIF
[k 5]

(001) BEEIEXEEMLLZHEEMg0TH-> T, BEREEZAEL. 2. ¥
ANEBROBEA0. 2~0. 5eVOIOIELRDI L2 BHETIERTOMIEBRE
AM200mVINEBEVHAERETFO M FVERE,

WD EX1004
Western Digital v IP Bridge
Page 211



@ JP 2008-4956 AS 2010.5.27

[FkEH 6]

BCCHBE*FTLE10HEMERE. BCCHEERXATHIE 20MuEHAERBRURIRE
%51 OMBMEARBLASIE20ERBEAB L OMICVET 2 BEREOBE~ 2T v A
ERBYAL., SRTONDBEBEI200mVENENI L 2BHE L THHAENETF.
[#E3k1E 7 )

FALVERERBL, ML CALVEREOS ] TECEE I NS 1 OBBEARB L .
HE A NVEREBOS 2 @AW ERIN-E20HBEMAEBL ., 28 T2HE 3
HeBERMA ABMEENRET LBV T,

B h v A VEEREEDS, BESEMgO (001) 2Vt (001) #HIEHEHIE
LAZEREMgO0THoT, BEXRBZAL, 2, PR NVEROFXHOQ, 2
5eVOLDOSLDBI L PHHLETIBEENET,

(5K 8 )

ﬁ@%l@ﬁ&ﬁ%%g\ﬁm%zwﬁﬁﬁﬁgﬁ LDWBCCHREATDILE

[ﬁS}?lﬁQ}
BIGLEE 1 DEBIEAB L | RIGLE 2 @?ﬁﬁ“&ﬁﬁ%ﬁ‘ k HICBC Ci‘%mﬁ:?ﬁﬁ'% F e %

EEOHES (001) FAix (00 1) BN
BT LFERE T EROBMEIEINET.
(FERKE10]

HEEF e 2447 CoF eBEdETHhr I xRt Is B REIORBOBMEIEMETF

[ﬁﬁ;jZIE 11}

(001) BEEIEEEMLAZHESMgOTH-oT, BEXKEEZEL, 22, v
FPVEBREOEEH 0. 2~0. 5eVOIO0E% T L2 HL 5 2 VERB,
[FEkE 1 2]

ERTOMREN 7 0% % B SHmEKHEI, 2, 3. 4. 6, 7. 8, 9F2131 0D
VTN EROBIAEIMNETF .

[@kE 1 3]

19O NSV TPVARAFE, BIRRMNS VY VAYORBIMELTHWVWONLERKEL, 2, 3
4. 6. 7+ 8. 9, 10F2B1 20 TNAhEROBABIEFLEA T20EE
Fo
[@EkE1 4]
Co&lUFe%ﬁbE&Aﬁ#%&%Lﬁﬁ¢E®LLﬁﬁéht(001)#@@
$ 5 EEEM e O b2 o MEEMETFO N FANVERRE,

PR b% D I LRI

(BHAEL15)
CoblUFe%ﬁb?%w77xmﬁAﬁ#5&éﬁmiEE@Lkﬂﬁéﬁt(

WD EX1004
Western Digital v IP Bridge
Page 212



3 0CT 2 4 201

Z,
T
-
"
w
N

In re U.S. Patent Application of
YUASA

Application Number: 12/923,643
Filed: September 30,2010

For: MAGNETIC TUNNEL JUNCTION DEVICE
(AS AMENDED)

Attorney Docket No. NAGI-0003

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

Alexandria, VA 22313-1450

ATPES PATENT AND TRADEMARK OFFICE

Art Unit 2892

Examiner:
Alonzo Chambliss

RESPONSE AND AMENDMENT UNDER 37 C.F.R. §1.111

Sir:

This is in response to the Office Action mailed on July 22, 2011, the period of

response to which is set to expire on October 22, 2011. Please amend the above-referenced

application as follows:
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IN THE SPECIFICATION

Please amend/replace the Title of the Invention for the instant application as follows:

MAGNETIC TUNNEL JUNCTION DEVICEMUEHEAYER-FHEM

2-
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IN THE CLAIMS

Claims 20-22 are pending in this application, wherein claims 16-19 are being

canceled without prejudice or disclaimer, and wherein claims 20-22 are being newly added,

as follows:

1-19. (Canceled).

20.

21.

22,

(New) A magnetoresistive device having a tunnel barrier junction structure, the
magnetoresistive device comprising:

a first ferromagnetic material layer having a BCC structure;

a second ferromagnetic material layer having a BCC structure; and

a magnesium oxide layer located between the first and second ferromagnetic
material layers, and

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

wherein the magnesium oxide layer has a tunnel barrier height in a range of

02t 0.5eV.

(New) The magnetoresistive device according to claim 20, wherein at least one of the

first and second ferromagnetic material layers comprises CoFeB alloy.

(New) A magnetoresistive device having a tunnel barrier junction structure, the
magnetoresistive device comprising:

a first ferromagnetic material layer having a BCC structure;

a second ferromagnetic material layer having a BCC structure; and

a magnesium oxide layer located between the first and second ferromagnetic
material layers, and ‘

wherein the magnesium oxide layer is a single-crystalline in which (001)
crystal plane is preferentially oriented or a poly-crystalline in which (001) crystal
plane is preferentially oriented, and _

wherein at least one of the first and second ferromagnetic material layers

comprises CoFeB alloy.
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REMARKS
The above amendments to the above-captioned application along with the following
remarks are being submitted as a full and complete response to the Office Action dated July
22, 2011 (U.S. Patent Office Paper No. 20110717). 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 20-22 stand for consideration in this application, wherein
claims 16-19 are being canceled without prejudice or disclaimer, and wherein claims 20-22
are being newly added.

All amendments to the application are fully supported therein. For example, the
amendments to the claims are supported by paragraphs [0012] and [0050-51] 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 16-19'under 35 U.S.C. §103(a) as being unpatentable
over Parkin 1 (U.S. Patent No. 7,276,384) in view of Parkin II (U.S. Patent Application
Publication No. 2009/0324814), and in further view of Nashimoto (U.S. Patent No.
1 5,759,265). 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 20-22 remain of record. Accordingly, Applicants
respectfully submit that Parkin 1, either alone or in combination Parkin II and/or Nashimoto,

fails to teach, suggest, or disclose each and every limitation of claims 20-22. For example,

-4-
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none of the cited references teach or suggest “a first ferromagnetic material layer having a
BCC structure [and] a second ferromagnetic material layer having a BCC structure” as
required by independent claim 20. Rather, Parkin I contrastingly describes “{a] magnetic
tunnel element that...includes a first layer formed from an_amorphous material, an
amorphous tunnel barrier layer, and an interface layer between the first layer and the
tunnel barrier layer....The first layer is formed from at least one material selected from the
group consisting of amorphous ferromagnetic material, amorphous ferromagnetic
materials, and amorphous non-magnetic materials.” (Abstract) (emphasis addedj.

More particularly, Parkin I describes that “[t]he first layer is preferably formed from
at least one material selected from the group consisting of an amorphous ferromagnetic
material and an amorphous ferrimagnetic material. For example, the first layer can be a
CoFeB alloy of the form (CozoFeso)iooxBx in which x is between about 15 and 20.
Alternatively, the first layer is an alloy of the form CoFeX or CoFeXY, in which X and Y are
chosen from the group consisting of B, Hf, Zr, C, Be, Si, Ge, P and Al, so that at least one of
X and Y of the alloy causes the alloy to be amorphous.” (Cols. 3-4, 11. 64-6). Parkin I further
describes that “[a]lthough the preferred embodiment of the current invention has been
described with regard to a tunnel barrier layer 324 formed from an amorphous layer of AlL,O3,
the tunnel barrier can also be formed from other amorphous materials.” (Col. 13, 11. 32-36).

Amorphous materials or layers, as described in Parkin I, clearly do not have a crystal
structure such as a BCC structure. Thus, a first amorphous ferromagnetic material layer and
an amorphous tunnel barrier layer, as described in Parkin I, are clearly not “a first
ferromagnetic material layer having a BCC structure [and] a second ferromagnetic material
layer having a BCC structure” as required by claim 20. Likewise, Parkin II merely describes
a magnetic tunnel junction device that includes “a fixed ferromagnetic layer 118 [and] a
‘free’ ferromagnetic layer 134.” (Para. [0052]). Parkin II fails to include any mention or
suggestion of “a first ferromagnetic material layer having a BCC structure [and] a second
ferromagnetic material layer having a BCC structure” as required by claim 20. Furthermore,
Nashimoto also fails to include any mention or suggestion of “a first ferromagnetic material
layer having a BCC structure [and] a second ferromagnetic material layer having a BCC
structure” as required by claim 20. For this reason alone, claim 20 is patentable over the
cited references.

For at least these reasons; Applicants respectfully submit that Parkin I, either alone or

in combination Parkin Il and/or Nashimoto, fails to teach, disclose, or suggest each and every

-5-
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limitation of claim 20 and, therefore, that claim 20 is now in condition for allowance, For at
least similar reasons to those discussed above with reference to claim 20, Applicants
respectfully submit that Parkin I, either alone or in combination Parkin II and/or Nashimoto,
also fails to teach, disclose, or suggest the similar limitation required by independent claim 22
of “a first ferromagnetic material layer having a BCC structure [and] a second ferromagnetic
material layer having a BCC structure” and, therefore, that claim 22 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.S.Q.2d 1596, 1598 (Fed. Cir. 1988).
Because claim 21 depends directly from claim 20, Applicants respectfully submit that Parkin
I, either alone or in combination Parkin II and/or Nashimoto, does not render obvious claim
21 for at least the reasons set forth above that it does not render obvious claim 20 and,
therefore, that claim 21 is 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 outstan'ding 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
Do‘/?&u £ Jm%m AR
. k23,518
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
October 24,2011
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D STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of )
)
YUASA )
) Art Unit 2892
Application Number: 12/923,643 )
) Examiner:
Filed: September 30,2010 ) Alonzo Chambliss
)
For: MAGNETIC TUNNEL JUNCTION DEVICE )
(AS AMENDED) )
)
Attorney Docket No. NAGI-0003 )
Mail Stop Amendment
Commissioner of Patents
P.O. Box 1450
Alexandria, VA 22313-1450
COVER LETTER
Sir:
[x]  The fee for submission of claims is calculated as shown below:
FOR TOTAL WITH TOTAL CLAIMS RATE CALCULATION
NEW CLAIMS | CURRENTLY ON ALREADY
ADDED FILE PAID
Total Claims 3 4 x $60 0
(Over 20)
Independent 2 2 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 Y
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)
[ 1 Substitute Abstract
[ ] Preliminary Amendment

o

CE
the

Information Disclosure Statement

sheet of replacement drawings

I
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[ ] 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.
[x] Credit card information for $180.00 to cover the IDS 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,

?)0“7&” < 428,513 ,/:m

Juan Carlos A. Marquez
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

October 24, 2011
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G EING

In re U.S. Patent Application of
YUASA
Art Unit 2892
Application Number: 12/923,643
Examiner:
Filed: September 30,2010 Alonzo Chambliss

For: MAGNETIC TUNNEL JUNCTION DEVICE
(AS AMENDED)

N N N N Nt Nt St ot et Nt ' “wr

Attorney Docket No. NAGI-0003
1@/25/2811 CCRAUL  GBBEBAA4 12923643

81 FC:1886 156.68 0P
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 [RCE] application or not more that three months from the filing
date [of the RCE] of the above-identified U.S. patent application, whereby it is believed
that no fee is due; OR

[ ] (b) After three months from the filing date of the above-identified U.S. patent application
but 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
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[X] () 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
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.F.R. §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 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, whereby it is believed that no fee is due or payable at this time; OR
[ 1No 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.

-

WD EX1004
Western Digital v IP Bridge
Page 223



The Examiner is requested to acknowledge receipt and consideration of the information

provided in this paper in accordance with prescribed procedures.

Respectfully submitted,

@2‘7}«4 & ﬂ:la,r/;sk

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

October 24,2011
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Customized PTO/SB/08a+b (07-09)

Substitute for Form 1449/PTO Application # 12/923,643
‘ Confirmation # 8219
INFORMATION DISCLOSURE Filing Date September 30, 2010
STATEMENT BY APPLICANT | Firstinventor YuASA
Art Unit 2892
Examiner Alonzo Chambliss
Sheet 1 of 1 Docket # NAGI-0003
U.S. PATENT DOCUMENTS
Exam, Document No. Publ. Date Name Relevance
Initial* Number — Kind Code MM-DD-YYYY Patentee or Applicant Passages/Figs. |
2008/0062581 A1 03-13-2008 Parkin
2007/0258170 A1 11-08-2007 Yuasa
7,884,403 B2 02-08-2011 Yuasa
6,544,801 B1 04-08-2003 Slaughter et al.
5,514,484 05-07-1996 Nishimoto
FOREIGN PATENT DOCUMENTS
Exam. Publ. Date Name Relevance Trans-
Initial* i?:;tcryo:leummboiz MyMy..\[/)\E)- Patentee or App][cant Passages/FigsA lation
NON PATENT LITERATURE DOCUMENTS
Exam. | Include NAME of the author (in CAPS), Title of Article/ltem, Date, Page(s), Translation
Initial" | Volume-Issue No., Publisher, City and/or Country where published

Examiner Signature

Date Considered

* Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP §609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.
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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 12/923,643 09/30/2010 | [ 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))
L1 seARcH FeE N/A N/A N/A N/A
(37 CFR 1.16(Kk), (i), or (m))
[J 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 ($125 for small entity) for each
¢ 16(s)) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
|:| MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
| 10/24/2011 | pereq PREVIOUSLY EXTRA RATE®) 1 Fee (9) RATE ($) FEE (9)
5 AMENDMENT PAID FOR
s If;fll)') (27 CFR -3 Minus | == 20 -0 Xs = oR | x seo= 0
5 .
=] B R nss | 3 -0 T Sl RSN E—
<§( I:l Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (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 1.16(i)) Minus = X$ = OR [ X8 =
= FEE B winus | - - xs__- OR xS -
Z D Aoplicati )
] pplication 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”. /ROSS W. BROWN/
*** 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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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 1 2/923,643 09/30/2010 D 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 ($125 for small entity) for each
( 18(s)) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
[ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
p—
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
— | 10/24/2011 | 7 PREVIOUSLY EXTRA RATE (8) | FeE (9) RATE (8) FEE (9)
E AMENDMENT PAID FOR
S ;I'Io;?l) (37 CFR . 3 Minus | ** 20 _ O X$ = OR X $60= O
5 5
5 IQ?E’;:T?QL» « D Minus | 6 -0 X$ = OoR | x s2s0= 0
<§( 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 | o erern . Minus | - xs = orR [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())) 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”. /CHRISTINE MOLLISH/
*** 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 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. |
12/923,643 09/30/2010 Shinji Yuasa NAGI-0003 8219
38327 7590 11/14/2011 | |
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 2892
| NOTIFICATION DATE | DELIVERY MODE |
11/14/2011 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)
12/923,643 YUASA, SHINJI

Office Action Summary Examiner ArtUnit
ALONZO CHAMBLISS 2892

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

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

Status

1) Responsive to communication(s) filed on 24 October 2011.
2a)X] This action is FINAL. 2b)[J 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) 20-22is/are pending in the application.
ba) Of the above claim(s) is/are withdrawn from consideration.
)] Claim(s) ____is/are allowed.
7)X Claim(s) 20-22 is/are rejected.
)] Claim(s) _____is/are objected to.
)OO Claim(s) ____

are subject to restriction and/or election requirement.

Application Papers

10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
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)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[J Al b)[JSome * ¢)[] None of:
1.[] Certified copies of the priority documents have been received.
2] Certified copies of the priority documents have been received in Application No. ____
3.0 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) D Notice of References Cited (PTO-892) 4) D 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) ] Notice of Informal Patent Application
Paper No(s)/Mail Date 10/6/11.10/24/11. 6) IX Other: see detailed action.
U.S. Patent and Trademark Office
PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20111106
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Application/Control Number: 12/923,643 Page 2
Art Unit: 2892

DETAILED ACTION
1. The amendment filed on 10/24/11 has been fully considered and made of record

in the instant application.

Response to Arguments
2. Applicant's arguments with respect to claims 20-22 have been considered but are

moot in view of the new ground(s) of rejection.

Claim Rejections - 35 USC § 103
3. 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.

4. 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=

5. Claim 22 is rejected under 35 U.S.C. 103(a) as being unpatentable over Parkin

(US 2008/0062581) in view Nashimoto (US 5,514,484)
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Application/Control Number: 12/923,643 Page 3
Art Unit: 2892

With respect to Claim 22, 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
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.

Double Patenting
6. The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the

unjustified or improper timewise extension of the “right to exclude” granted by a patent
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Application/Control Number: 12/923,643 Page 4
Art Unit: 2892

and to prevent possible harassment by multiple assignees. A nonstatutory
obviousness-type double patenting rejection is appropriate where the conflicting claims
are not identical, but at least one examined application claim is not patentably distinct
from the reference claim(s) because the examined application claim is either anticipated
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir.
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422
F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163
USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory
double patenting ground provided the conflicting application or patent either is shown to
be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record may sign a
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with
37 CFR 3.73(b).

7. Claims 20 and 21 are rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claim 1 of U.S. Patent No. 7,884,403.
Although the conflicting claims are not identical, they are not patentably distinct from

each other because both the instant application and the patent recites a first and
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Application/Control Number: 12/923,643 Page 5
Art Unit: 2892

second ferromagnetic layers having a BCC structure and a magnesium oxide layer
located between the first and second ferromagnetic material layers.
8. Claim 22 is rejected on the ground of nonstatutory obviousness-type double
patenting as being unpatentable over claim 4 of U.S. Patent No. 7,884,403. Although
the conflicting claims are not identical, they are not patentably distinct from each other
because both the instant application and the patent recites a first and second
ferromagnetic layers having a BCC structure and a magnesium oxide layer located
between the first and second ferromagnetic material layers. At least one of the
ferromagnetic material layers comprises CoFeB.

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

product of the instant invention.

Conclusion
9. Applicant's amendment necessitated the new ground(s) of rejection presented in
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37

CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
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Application/Control Number: 12/923,643 Page 6
Art Unit: 2892

the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the date of this final action.
Any inquiry concerning the communication or earlier communications from the

examiner should be directed to Alonzo Chambliss whose telephone number is (571)

272-1927.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Thao Le can be reached on (571) 272-1708. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system Status information for published
applications may be obtained from either Private PMR or Public PMR. Status
information for unpublished applications is available through Private PMR only. For
more information about the PMR system see http://pair-dkect.uspto.gov. Should you
have questions on access to the Private PMR system contact the Electronic Business

Center (EBC) at 866-217-9197 (toll-free) or EBC_Support@uspto.gov.

AC/November 6, 2011 /Alonzo Chambliss/
Primary Examiner, Art Unit 2892
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EAST Search History (Prior Art)
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THE UNITED STATES PATENT AND TRADEMARK OFFICE

For: MAGNETIC MULTILAYER FILM (As Amended)

In re U.S. Patent Application of )

)
YUASA ) -

. ) Art Unit 2892

Application Number: 12/923,643 )

) Examiner:
Filed: September 30,2010 ) Alonzo Chambliss

)

)

)

)

‘Attorney Docket No. NAGIL.0003

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

Sir:

The below-identified communications are submitted in the above-captioned application
or proceeding: :

(x) Information Disclosure Statement
with Form-1449 and reference
(x) Check for $180.00 ‘
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,

an Carles A. Marqu
egistration f 34,072

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

(703) 739-4900

Customer No.: 38327

December 29, 2011
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WIN THIEPUNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of
YUASA :
Art Unit 2892
Application Number: 12/923,643 _
“ Examiner:
Filed: September 30,2010 Alonzo Chambliss

For: MAGNETIC TUNNEL JUNCTION DEVICE
(AS AMENDED)

Attorney Docket No. NAGI-0003

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 f‘oreign 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:

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

[ ] (b) Within three months of the filing date of the RCE in the above-identified U.S. patent
application but 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] (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 such application, whereby
' 12/38/2811 SHOHAMNE @BB8BE5S1 12923643
#1 FC:18086 180.88 0P
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Applicant(s).hgreby submit the requisite certification hereinbelow, or authorization for the
payment of the requisite fee is attached; OR

[ 1 (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 requfrements of 37 CF.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 Disclosufe
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,

7 e

an Carlos-A—aruéz
- // 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
December 29, 2011
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Customized PTO/SB/08a+h (07-09

: &
w

Substitute for Form 1449/PTO Application # 12/923,643
: Confirmation # 8219
INFORMATION DISCLOSURE Filing Date September 30, 2010
STATEMENT BY APPLICANT | Firstinventor YUASA
' Art Unit 2892
' Examiner Chambliss, Alonzo
Sheet 1 of 1 Docket # NAGI-0003
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
Exam. g Publ. Date Name Relevance Trans-
Initial* ?(?: : tcﬂ‘l;: eu .,"l?oi'; MM-DD- Patentee or Applicant Passages/Figs. | lation
YYYY
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
“Giant tunnel magnetoresistance in magnetic tunnel junctions with a crystalline
Yes

M,0(001) barrier,” S. Yuasa and D.D. Djayaprawira, Journal of Applied Physics D:
Applied Physics, 1 Phys, D: Appl. Phys. 40 (2007) R337-R354

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.

1
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In re U.S, Patent Application of

| YUASA

Application Number: 12/923,643 -
Filed: September 30,2010

For: MAGNETIC TUNNEL JUNCTION DEVICE
(AS AMENDED)

Attorney Docket No. NAGI-0003

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

Alexandria, VA 22313-1450

)
)
)
)
)
)
)
)
)
)
)
)

Art Unit 2892

Examiner
Alonzo Chambliss

RESPONSE AND AMENDMENT UNDER 37 C.F.R. §1.116

Sir:

This is in response to the Final Office Action mailed on November 14, 2011, the

period of response to which is set to expire on February 14, 2012. Please amend the above-

referenced application as follows:
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IN THE CLAIMS

Claims 20 and 21 are pending in this application, wherein claim 22 is being canceled

without prejudice or disclaimer, as follows:

1-19. (Canceled).

20.

21.

22,

(Previously Prcsénted) A magnetoresistive device having a tunnel barrier junction
structure, the magnetoresistive device comprising:

a first ferromagnetic material layer having a BCC structure;

a second ferromagnetic material layer having a BCC structure; and

a magnesium oxide layer located between the first and second ferromagnetic
material layers, and ‘ . '

wherein the magnesium oxide layer is a single-crystalline in which (001)
crystal plane is preferentially oriented or a poly-crystalling in which (001) crystal
plane is preferentially oriented, and

wherein the magnesium oxide layer has a tunnel barrier height in a range of
02t00.5eV.

(Previously Presented) The magnetoresistive device according to claim 20, wherein at

least one of the first and second ferromagnetic material layers comprises CoFeB alloy.

(Canceled).

2-
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REMARKS
The above amendments to the above-captioned application along with the following
remarks are being submitted as a full and complete response to the Final Office Action dated
November 14, 2011 (U.S. Patent Office Paper No. 2011106). 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 20 and 21 stand for consideration in this application,
wherein claim’ 22 is being canceled without prejudice or disclaimer. 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 claim 22 under 35 U.S.C. §103(a) as being unpatentable over
Parkin (U.S. Patent Application Publication No. 2008/0062581) in view of Nashimoto (U.S.
Patent No. 5,514,484). As set forth above, claim 22 is being canceled without prejudice or
disclaimer, thereby rendering moot and/or obviating the rejection thereof under 35 U.S.C.
§103(a). ‘

The Examiner also rejected claims 20-22 as being unpatentable over claims 1 and 4 of
U.S. Patent No. 7,884,403 (“the ‘403 application™) on grounds of nonstatutory obviousness-
type double patenting. In response, Applicants respectfully submit that the present
application and the ‘403 application were commonly owned pursuant to 35 U.S.C. §103(c)(1)
at the time the claimed invention of the present application was made. Accordingly,
Applicants are submitting a terminal disclaimer in compliance with 37 C.F.R. 1.321 heréwith,
thereby rendering moot and/or obviating the non-statutory obviousness-type double patenting
rejection. |

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

- distinguishable and thereby allowable over the prior art of record.

-3
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Conclusion |

In view of all the above, Applicants respectfully submit that, the present invention as
a whole is allowable over the prior art. Favorable reconsideration of this application is
respectfully solicited. Should there be any outstanding issues requiring discussion that would
" further the'prosecution and allowance of the above-captioned application, the Examiner is
invited to contact the Applicants’ undersigned representative at the address and phone

number indicated below..

Respectfully submitted,

Nicholas B. Trenkle
Registration Number 54,500

Dv«.;&uv S M«WLAK

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

‘February 14, 2012
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In re U.S. Patent Application of

YUASA
Application Number: 12/923,643

Filed: September 30,2010

For:
(AS AMENDED)

Attorney Docket No. NAGI-0003

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

Alexandria, VA 22313-1450

Sir:

MAGNETIC TUNNEL JUNCTION DEVICE

Nt N e et N’ st st et vt "t st "’

COVER LETTER

[x] The fee for submission of claims is calculated as shown below:

Examiner
Alonzo Chambliss

Art Unit 2892

FOR TOTAL WITH TOTAL CLAIMS RATE CALCULATION
NEW CLAIMS CURRENTLY ON ALREADY
ADDED FILE PAID
Total Claims 2 3 x $60 0
(Over 20)
Independent 1 2 x $250 0
Claims
(Over 3)
MULTIPLE + $450 0
DEPENDENT
CLAIM(S)
REDUCTION FOR FILING BY SMALL ENTITY (note 37 C.FR. §§ 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
x ] Terminal Disclaimer

(
(

CE
ther

OW‘

Information Disclosure Statement
sheets of replacement drawings
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[ ] 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(l)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.
[x] Credit card information for $160.00 to cover the Terminal Disclaimer 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.F.R. § 1.16 and 1.17, or credit any overpayment to Deposit
Account Number 12-0555.

Respectfully submitted,

Orgie- 2 el =

Juan Carlos A. Marquez
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

February 14, 2012
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IN THE UNITED STATES PATENT ANkD TRADEMARK OFFICE

In re U.S. Patent Application of )
)
YUASA )
v ) Art Unit 2892
Application Number: 12/923,643 )
) Examiner
Filed: September 30,2010 ) .Alonzo Chambliss
)
For: MAGNETIC TUNNEL JUNCTION DEVICE * )
(AS AMENDED) )
)
Attorney Docket No. NAGI-0003 )
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 Agenéy 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
'Sqience 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 pribr applications is defined in 35
U.S.C. §§154 and 173, and as the term 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
Be/15/2B12 HBELETEL 0BABABA6 12923643
81 FC:1814 168,86 0P
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Terminal Disclaimer
Page 2

applications are commonly owned. This agreement runs with émy patent granted on the instant
application and is binding upon the grantee, its successors or assigns.

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 (g) is in any manner terminated prior to the

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

Respectfully submitted,

Juan Carlos A. Marquez
Registration Number 34,072

STITES & HARBISON, PLLC
1199 N. Fairfax Street

Suite 900

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

February 14,2012
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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 12/923,643 09/30/2010 | [ 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 ($125 for small entity) for each
¢ 16(s)) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
— | 02/14/2012 | e PREVIOUSLY EXTRA RATE®) | Fee (g RATE (9) FEE ($)
5 AMENDMENT PAID FOR
s ;F?;(a?)l) (37 CFR ) Minus | = 20 -0 X$ = OR X $60= 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”. J/ANNETTE SMITH/
*** 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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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 1 2/923,643 09/30/2010 D 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 ($125 for small entity) for each
( 18(s)) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
[ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
p—
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
— | 02/14/2012 | 7 PREVIOUSLY EXTRA RATE (8) | FeE (9) RATE (8) FEE (9)
E AMENDMENT PAID FOR
S ;I'Io;?l) (37 CFR 9 Minus | ** 20 _ O X$ = OR X $60= O
5 5
5 IQ?E’;:T?QL» *q Minus | 6 -0 X$ = OoR | x s2s0= 0
<§( 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 | o erern . Minus | - xs = orR [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())) 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”. /CHRISTINE MOLLISH/
*** 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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Application Number Application/Control No. Qpplicar_ll(st)_/Patent under
LT e
Document Code - DISQ Internal Document — DO NOT MAIL
TERMINAL
DISCLAIMER X APPROVED [] DISAPPROVED

Date Filed : 02/14/12

This patent is subject
to a Terminal
Disclaimer

Approved/Disapproved by:

Lawana Hixon

U.S. Patent and Trademark Office
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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 |
03/07/2012

38327 7590
Juan Carlos A. Marquez
c/o Stites & Harbison PLLC
1199 North Fairfax Street | ART UNIT
Suite 900 2892

Alexandria, VA 22314-1437

CHAMBLISS, ALONZO

PAPER NUMBER |

DATE MAILED: 03/07/2012

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

12/923,643 09/30/2010
TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE

Shinji Yuasa NAGI-0003 8219

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 06/07/2012
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
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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 03/07/2012
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.
12/923,643 09/30/2010 Shinji Yuasa NAGI-0003 8219
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 06/07/2012
[ EXAMINER | ART UNIT [ crasssuscrass |
CHAMBLISS, ALONZO 2892 257-295000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
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.
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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. |
12/923,643 09/30/2010 Shinji Yuasa NAGI-0003 8219
| EXAMINER |
38327 7590 03/07/2012
Juan Carlos A. Marquez CHAMBLISS, ALONZO
c/o Stites & Harbison PLLC
1199 North Fairfax Street | ART UNIT PAPER NUMBER |
Suite 900 2892

Alexandria, VA 22314-1437
DATE MAILED: 03/07/2012

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)

} . 12/923,643 YUASA, SHINJI
Notice of Allowablllty Examiner Art Unit
ALONZO CHAMBLISS 2892

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X] This communication is responsive to the terminal disclaimer filed on 2/14/12.

2. [ 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 20 and 21.

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

a)[J Al b)[JSome* c)[INone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No. ___
3. [ Copies of the 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. [ Information Disclosure Statements (PTO/SB/08), 7. [] Examiner's Amendment/Comment
Paper No./Mail Date 12/29/11
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [J Examiner's Statement of Reasons for Allowance

of Biological Material
9. [X] Other See Detailed Action.

U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20120301
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Application/Control Number: 12/923,643 Page 2
Art Unit: 2892

DETAILED ACTION
Information Disclosure Statement
1. The information disclosure statement (IDS) submitted on 12/29/11 was filed
before the mailing date of the notice of allowance on 3/1/12. The submission is in
compliance with the provisions of 37 CFR 1.97. Accordingly, the information disclosure

statement is being considered by the examiner.

Terminal Disclaimer
2. The terminal disclaimer filed on 2/14/12 disclaiming the terminal portion of any
patent granted on this application which would extend beyond the expiration date of
U.S. Patent No. 7,884,403 has been reviewed and is accepted. The terminal disclaimer

has been recorded.

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.

Any inquiry of a general nature or relating to the status of this application
or proceeding should be directed to the group receptionist whose telephone
number is (703) 308-7956.

Information regarding the status of an application may be obtained from

the Patent Application Information Retrieval (PAIR) system Status information for
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Application/Control Number: 12/923,643 Page 3
Art Unit: 2892

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/March 1, 2012 /Alonzo Chambliss/

Primary Examiner, Art Unit 2892
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 12923643 YUASA, SHINJI
H“m “‘“ ‘ ‘ H“H““ - o
Alonzo Chambliss 2892
SEARCHED
Class Subclass Date Examiner
SEARCH NOTES
Search Notes Date Examiner
East text search only - see attach printout 12/16/10 AC
Updated previous East text search only - see attached printout 7/18/11 AC
Updated previous East text serach only - see attached printout 11/6/11 AC
Updated previous East text search only - see attached printout 3/1/12 AC
INTERFERENCE SEARCH
Class Subclass Date Examiner
257 4,295 421,427 3/1/12 AC
365 171 3/1/12

U.S. Patent and Trademark Office

Part of Paper No. : 20120301
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EAST Search History

EAST Search History

EAST Search History (Prior Art)

Ref {Hits {{Search Query DBs Default iiPlurals {Time
# Operator Stamp
L1 #522 #"257"/$.ccls. and (Fe US-PGPUB; OR ON 2012/03/01
ferromagnetice) and (MgO USPAT; USOCR; 21:35
magnesium adj3 oxide) and FPRS; EPO; JPO;
magnetic adj3 device DERWENT;
IBM_TDB
2 {350 ii"365"/$.ccls. and (Fe US-PGPUB; OR ON 2012/03/01
ferromagnetice) and (MgO USPAT; USOCR,; 21:36
magnesium adj3 oxide) and FPRS; EPO; JPO;
magnetic adj3 device DERWENT;
IBM_TDB
L3 619 1257/E29.323 US-PGPUB; OR ON 2012/03/01
USPAT; USOCR,; 21:36
FPRS; EPO; JPO;
DERWENT;
IBM_TDB
L4 124 257/E29.323 and (Fe US-PGPUB; OR ON 2012/03/01
ferromagnetice) and (MgO USPAT; USOCR,; 21:37
magnesium adj3 oxide) and FPRS; EPO; JPO;
magnetic adj3 device DERWENT;
|BM_TDB
L5 #8 257/E27.104 and (Fe US-PGPUB; OR ON 2012/03/01
ferromagnetice) and (MgO USPAT; USOCR,; 21:37
magnesium adj3 oxide) and FPRS; EPO; JPO;
magnetic adj3 device DERWENT;
IBM_TDB
L6 #11 #257/E29.164 and (Fe US-PGPUB; OR ON 2012/03/01
ferromagnetice) and (MgO USPAT; USOCR; 21:38
magnesium adj3 oxide) and FPRS; EPO; JPO;
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ITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of
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Filed: September 30, 2010
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Attorney Docket No. NAGI-0003

Mail Stop AF
Commissioner for Patents
P.O. Box 1450
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Art Unit 2892

Examiner
Alonzo Chambliss

RESPONSE AND AMENDMENT UNDER 37 C.F.R. §1.116

Sir:

This is in response to the Final Office Action mailed on November 14, 2011, the

period of response to which is set to expire on February 14, 2012. Please amend the above-

referenced application as follows:

WD EX1004
Western Digital v IP Bridge
Page 267



Receipt date: 12/29/2011

0?Ap

%
Px)

DEC 292011
<

12923643 - GAU: 2892

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

2 &
w

Substitute for Form 1449/PTO Application # 12/923,643
' Confirmation # 8219
INFORMATION DISCLOSURE Filing Date September 30, 2010
STATEMENT BY APPLICANT | Firstinventor YUASA
Art Unit |- 2892
' Examiner Chambliss, Alonzo
Sheet 1 of 1 Docket # NAGI-0003
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

Exam. Publ. Date Name Relevance Trans-
Initial* Country-Number MM-DD- Patentee or Applicant Passages/Figs. | lation
Kind Code
YYYY
MM
NM__ .
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

“Giant tunnel magnetoresistance in magnetic tunnel junctions with a crystalline

M,O(001) barrier,” S. Yuasa and D.D. Djayaprawira, Journal of Applied Physics D: Yes

Applied Physics, 1 Phys, D: Appl. Phys. 40 (2007) R337-R354

Examiner Signature

/Alonzo Champliss/ (03/01/2012)

Date Considered

=T P

S —————

* 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.

1

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /AC

WD EX1004

Western Digital v IP Bridge

Page 268

i
i
1



Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

12923643 YUASA, SHINJI
ALONZO CHAMBLISS 2892
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)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
257 427 £29.323 E27.104 E29.164 E21.208
365 171
O Claims renumbered in the same order as presented by applicant O CPA X T.D O R147
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original

1 17

2 18

3 19

4 1 20

5 2 21

6

7

8

9

10

11

12

13

14

15

16
NONE

Total Claims Allowed:
2

(Assistant Examiner) (Date)
/ALONZO CHAMBLISS/
Primary Examiner.Art Unit 2892 3/1/12 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1B

U.S. Patent and Trademark Office

Part of Paper No. 20120301

WD EX1004
Western Digital v IP Bridge
Page 269



UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
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PRIORITY ACKNOWLEDGMENT

@ 1. Receipt is acknowledged of priority papers submitted under 35 U.S.C. 119. The papers have been
placed of record in the file.

(1 2. Applicant's claim for priority, based on l;}agers filed in parent Application Number
submitted under 35 U.S.C. 119, is acknowledged. :

(d 3. The priority papers, submitted , after payment of the issue fee are
O acknowledged

‘While the priority claim or certified copy filed will be placed in the file record, neither will be
reviewed and the patent when published will not include the priority claim.
See 37 CFR 1.55(a)(2).

O not acknowledged since the processing fee in 37 CFR 1.17(i) has not been received.

(J 4. For utility and plant applications filed on or after November 29, 2000, the priorit%r claim is not
entered because the claim was not presented within the time limit required by 37 CFR 1.55(a)(1).
A petition to accept a delayed claim for priority under 35 U.S.C. 119(a) - (d) or (f), or 365(a) may be
filed. See 37 CFR 1.55(c) and MPEP 201.14(23,.
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REQUEST FOR Application # | 12/923,643
CONTINUED EXAMINATION Filing Date | September 30, 2010
‘ First Inventor | YUASA
(RCE) Transmittal Art Unit | 2892
Examiner | Alonzo Chambliss
Mail Stop RCE : Docket # | NAGI-0003

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.

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed
with the RCE will be entered in the order in which they were filed unless applicant instructs
otherwise (with a separate request for non-entry).

Submission required
under 37 CFR § 1.114

[[] Previously submitted. if a final Office action is outstanding, any amendments filed after the final Office action
may be considered by the PTQ as a submission even if the box for the following line is not checked.
[] Consider the arguments in the Response/Amendment previously filed on

[ other:

X Enclosed
Preliminary Amendment [ Information Disclosure Citation
[] Affidavit(s)/Declaration [] Other:

Miscellaneous |

O 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 3
(] ToTAL CLaMS 4 2 0 X $60 = 0
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[] 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 EOT is required - and in this event, applicant
hereby petitions under 37 CFR 1.136(a) for an extension of time of as many months as are
required to render this submission timely.
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Signed By Name: Juan Carlos A. Marquez.
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In re U.S. Patent Application of

YUASA

Art Unit 2892

Application Number: 12/923,643

Examiner

Filed: September 30,2010 Alonzo Chambliss

For: MAGNETIC TUNNEL JUNCTION DEVICE
(AS AMENDED)

N’ e et st et st e’ et et et “ewst’ et

Attorney Docket No. NAGI-0003

Mail Stop RCE

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

PRELIMINARY AMENDMENT
Sir: '

This is in response to the Notice of Allowance mailed on April 7, 2012. The period
during which the issue fee and the publication fee can be paid is set to expire on June 7, 2012.
A Request for Continued Examination (RCE) is being submitted concurrently herewith,

Please amend the above-referenced application as follows:
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IN THE CLAIMS

Claims 20 and 21 have been allowed in this application, wherein claim 20 is being

amended to improve form, and wherein claims 23 and 24 are being newly added, as follows:

1-19. (Canceled).

20.

21.

22.

23.

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

a first ferromagnetic material layer having-aof BCC structure;

a second ferromagnétic material layer having-aof a BCC structure; and

a magnesivm-oxidetunnel barrier layer located between the first and second
ferromagnetic material layers, and

wherein the magnesium-exidetunnel barrier layer [[is]Jcomprises:
a single-crystalline_magnesium oxide layer in which (001) crystal plane is

preferentially oriented or a poly- crystalline_magnesium oxide layer in which (001)

crystal plane is preferentially oriented, and
wherein the magnesium-oxidetunnel barrier layer has a tunnel barrier height @
in arange of 0.2 to 0.5 eV.

(Previously Presented) The magnetoresistive device according to claim 20, wherein at

least one of the first and second ferromagnetic material layers comprises CoFeB alloy.
(Canceled).

(New) The magnetoresistive device according to claim 20, wherein said tunnel barrier
height ¢ is obtained by fitting J-V characteristics of the tunnel barrier junction
structure to an equation (1)

)= [2me)""/ As) (e/h)? x exp [-(4nAsth) x 2me) ] x V (1)

where J is a tunnel current density flowing through the tunnel barrier layer, V
is an applied bias voltage that is 100 mV or smaller, m is a mass of the free electron, e
is the elementary electric charge, h is the Planck’s constant, As is an effective
thickness of the tunnel barrier layer that is approximately equivalent to (Tmgo - 0.5
nm), and tygo is an actual thickness of the tunnel barrier layer determined using a

cross-sectional transmission electron microscope image.

-
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24.  (New) The magnetoresistive device according to claim 20, wherein at least one of the

first and second ferromagnetic material layers comprises CoFeB alloy.

WD EX1004
Western Digital v IP Bridge
Page 274



REMARKS .

The above amendments to the above-captioned application along with the following
remarks are being submitted after the Notice of Allowance dated April 7, 2012, as a
. Preliminary Amendment under 37 C.F.R. § 1.114. A Request for Continued Examination
(RCE) is being submitted concurrently herewith. In view of the above amendments and the
following remarks, the Examiner is respectfully requested to give due reconsideration to this

application, to confirm the allowability of the claims, and to pass this case to issue.

Status of the Claims ~

As outlined above, clams 20 and 21 have been allowed in this application, wherein
claim 20 is being amended to improve form, and wherein claims 23 and 24 are being newly
added. All amendments to the application are fully supported therein. For example, the
amendments to the claims are supported by paragraphs [0050] and [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 amendment.

The amendments to the claims being submitted herein merely embody corrections that
have now been recognized as needed to properly describe and clarify the subject matter of
claim 20 as provided in the Response submitted on February 14, 2012. These corrections are
needed for proper protection of the invention as claimed. As the amendments to the claims
merely correct the claims to more accurately correspond with the subject matter described in
the specification, Applicants respectfully submit that the amendments will require no
substantial amount of additional work on the part of the Office. In particular, the
amendments will require neither an additional search nor more than a cursory review of the
record.

Furthermore, Applicants respectfully submit that claim 20 as amended remains

allowable over the prior art of record. Moreover, because claims 21, 23, and 24 depend either

directly or indirectly from claim 20, Applicants respectfully submit that claims 21, 23, and 24

are allowable for at least the same reasons as claim 20.
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Conclusion

Favorable reconsideration of this application as amended is respectfully solicited.
Should there be any outstanding issues requiring discussion that would further the
pfosecution and allowance of the above-captioned application, the Examiner is invited to
contact the Applicants’ undersigned representative at the address and telephone number

indicated below.

Respectfully submitted,

Nicholas B. Trenkle
Registration Number 54,500

@o«-féu ZM[?W foR

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

June 7, 2012

249897:1: ALEXANDRIA
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P.O. Box 1450

Alexandria, Virginia 22313-1450
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NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
06/29/2012

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: 06/29/2012

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

12/923,643 09/30/2010
TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE

Shinji Yuasa NAGI-0003 8219

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 10/01/2012
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)

WD EX1004
Western Digital v IP Bridge
Page 277



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 06/29/2012
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.
12/923,643 09/30/2010 Shinji Yuasa NAGI-0003 8219
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 10/01/2012
[ 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.
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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
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I APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
12/923,643 09/30/2010 Shinji Yuasa NAGI-0003 8219
| EXAMINER |
38327 7590 06/29/2012
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: 06/29/2012

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)

} . 12/923,643 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 RCE filed on 6/7/12.

2. [ 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 20,2123 and 24.

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

a)[J Al b)[JSome* c)[INone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No. ___
3. [ Copies of the 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. [J Information Disclosure Statements (PTO/SB/08), 7. [] Examiner's Amendment/Comment
Paper No./Mail Date
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [J Examiner's Statement of Reasons for Allowance

of Biological Material
9. [X] Other see Detailed Action.

U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20120621
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Application/Control Number: 12/923,643 Page 2
Art Unit: 2897

DETAILED ACTION

Continued Examination Under 37 CFR 1.114
1. A request for continued examination under 37 CFR 1.114, including the fee set
forth in 37 CFR 1.17(e), was filed in this application after allowance or after an Office
action under Ex Parte Quayle, 25 USPQ 74, 453 O.G. 213 (Comm'r Pat. 1935). Since
this application is eligible for continued examination under 37 CFR 1.114, and the fee
set forth in 37 CFR 1.17(e) has been timely paid, prosecution in this application has
been reopened pursuant to 37 CFR 1.114. Applicant's submission filed on 6/7/12 has
been entered.

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

WD EX1004
Western Digital v IP Bridge
Page 282



Application/Control Number: 12/923,643 Page 3
Art Unit: 2897

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/June 21, 2012 /Alonzo Chambliss/

Primary Examiner, Art Unit 2897
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 12923643 YUASA, SHINJI
‘ Examiner Art Unit
Alonzo Chambliss 2892
SEARCHED
Class Subclass Date Examiner
SEARCH NOTES

Search Notes Date Examiner
East text search only - see attach printout 12/16/10 AC
Updated previous East text search only - see attached printout 7/18/11 AC
Updated previous East text serach only - see attached printout 11/6/11 AC
Updated previous East text search only - see attached printout 3/1/12 AC
Updated previous East text search only - see attached printout 6/21/12 AC

INTERFERENCE SEARCH

Class Subclass Date Examiner
257 4,295 421,427 3/1/12 AC
365 171 3/1/12 AC
257 4,295,421,427 6/21/12 AC
365 171 6/21/12 AC
438 3 6/21/12 AC

U.S. Patent and Trademark Office

Part of Paper No. : 20120621
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EAST Search History

EAST Search History

EAST Search History (Prior Art)

Ref {Hits {{Search Query DBs Default iiPlurals {Time
# Operator Stamp
L1 §704 #"257"/$.ccls. and (Fe ferromagnetic) jUS-PGPUB; OR ON 2012/06/21
and (MgO magnesium adj3 oxide) {USPAT; USOCR; 18:53
and magnetic adj3 device FPRS; EPO; JPO;
DERWENT;
IBM_TDB
L2 #337 {"257"/$.ccls. and (Fe ferromagnetic) {US-PGPUB; OR ON 2012/06/21
same (MgO magnesium adj3 oxide) {USPAT; USOCR,; 18:54
and magnetic adj3 device FPRS; EPO; JPO;
DERWENT;
IBV_TDB
L3 529 ii"365"/$.ccls. and (Fe ferromagnetic) US-PGPUB; OR ON 2012/06/21
and (MgO magnesium adj3 oxide) §USPAT; USOCR; 18:55
and magnetic adj3 device FPRS; EPO; JPO;
DERWENT;
IBM_TDB
L4 233 i"365"/$.ccls. and (Fe ferromagnetic) {US-PGPUB; OR ON 2012/06/21
same (MgO magnesium adj3 oxide) §USPAT; USOCR; 18:55
and magnetic adj3 device FPRS; EPO; JPO;
DERWENT;
|BM_TDB
L5 {226 {"438"/$.ccls. and (Fe ferromagnetic){US-PGPUB; OR ON 2012/06/21
and (MgO magnesium adj3 oxide) #USPAT; USOCR; 18:55
and magnetic adj3 device FPRS; EPO; JPO;
DERWENT;
IBM_TDB
L6 {175 §257/E29.323 and (Fe ferromagnetic) iUS-PGPUB; OR ON 2012/06/21
and (MgO magnesium adj3 oxide) {USPAT; USOCR,; 18:55
and magnetic adj3 device FPRS; EPO; JPO;
DERWENT;
IBM_TDB
L7 49 257/E27.104 and (Fe ferromagnetic){US-PGPUB; OR ON 2012/06/21
and (MgO magnesium adj3 oxide) {USPAT; USOCR; 18:56
and magnetic adj3 device FPRS; EPO; JPO;
DERWENT;
IBM_TDB
L8 #12 257/E29.164 and (Fe ferromagnetic)US-PGPUB; OR ON 2012/06/21
and (MgO magnesium adj3 oxide) {USPAT; USOCR; 18:56
and magnetic adj3 device FPRS; EPO; JPO;
DERWENT;
IBM_TDB
L9 #8 257/E21.208 and (Fe ferromagnetic) jUS-PGPUB; OR ON 2012/06/21
and (MgO magnesium adj3 oxide) {USPAT; USOCR; 18:56
and magnetic adj3 device FPRS; EPO; JPO;
DERWENT;
IBM_TDB
L10 §65 iyuasa.in. and (Fe ferromagnetic) US-PGPUB; OR ON 2012/06/21
and (MgO magnesium adj3 oxide) §USPAT; USOCR; 18:56
and magnetic adj3 device FPRS; EPO; JPO;
DERWENT;
IBM_TDB

file:///Cl/Users/achambliss/Documents/e-Red%20Folder/12923643/EASTSearchHistory.12923643_AccessibleVersion.htm[6/21/2012 6:59:38 PM]
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EAST Search History

L11 {17 {japan adj2 science.as. and (Fe US-PGPUB; OR ON 2012/06/21
ferromagnetic) and (MgO USPAT; USOCR,; 18:56
magnesium adj3 oxide) and FPRS; EPO; JPO;
magnetic adj3 device DERWENT;

IBM_TDB

L12 §15 inational adj3 institute adj3 US-PGPUB; OR ON 2012/06/21
advanced adj2 industrial.as. and (FejUSPAT; USOCR; 18:57
ferromagnetic) and (MgO FPRS; EPO; JPO;
magnesium adj3 oxide) and DERWENT;
magnetic adj3 device IBM_TDB

EAST Search History (I nterference)
< This search history is empty>

6/21/2012 6:59:36 PM
C:\ Users\ achambliss\ Documents\ EAST\ Workspaces\ 12652379.wsp
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

12923643 YUASA, SHINJI
Examiner Art Unit
ALONZO CHAMBLISS 2892

ORIGINAL INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
257 295 H 1 27 /108 (2006.0)
G 1 11/14 (2006.0)
CROSS REFERENCE(S)
H 1 21/00 (2006.01.01)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
257 427 £29.323 E27.104 E29.164 E21.208
365 171
438 3
O Claims renumbered in the same order as presented by applicant O CPA X T.D O R147
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original

1 17 33

2 18 34

3 19 35

4 1 20 36

5 2 21 37

6 22 38

7 3 23 39

8 4 24 40

9 25 4

10 26 42

11 27 43

12 28 44

13 29 45

14 30

15 31

16 32
NONE

Total Claims Allowed:
4

(Assistant Examiner) (Date)
/ALONZO CHAMBLISS/
Primary Examiner.Art Unit 2892 6/21/12 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1B

U.S. Patent and Trademark Office

Part of Paper No. 20120621
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273

Customized PTO/SB/30 (04-09 f@
REQUEST FOR Application # | 12/923,643
CONTI‘NUED EXAMINATION Filing Date | September 30, 2010
First Inventor | YUASA
(RCE) Transmittal Art Unit | 2892
) Examiner | Alonzo Chambliss
Mail Stop RCE Docket # | NAGI-0003

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.

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclose_d
with the RCE will be entered in the order in which they were filed unless applicant instructs
otherwise (with a separate request for non-entry).

Submission required
under 37 CFR § 1.114

[] Previously submitted. /f a final Office action is outstanding, any amendments filed after the final Office action
may be considered by the PTQ as a submission even if the box for the following line is not checked.
] Consider the arguments in the Response/Amendment previously filed on

] other:

X] Enclosed
[[] Preliminary Amendment X Information Disclosure Citation
[[] Affidavit(s)/Declaration [ other:

Miscellaneous |

O 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 - 3
[ ToTAL CLAiMs 4 2 0 X $60 =
[[] INDEPENDENT CLAIMS . 1 1 0 X $250=
RCE fee required under 37 CFR 1.17(e) $930 = 930
ToTAL OF ABOVE CALCULATIONS = 930
[[1 Reduction by ¥ for small entity status of applicant -
SUBTOTAL =
(] Extension of time fee for __-month =
[] other fee for =
, TOTAL OF ALL FEES = 930
X Payment of $930 is made by: CREDIT CARD (Form PTO-2038 is enclosed).

[J ELecTrRONIC FUNDS TRANSFER submitted herewith.

X] The Director is authorized to charge any fee, additional fee or extension fee due in connection
herewith to Deposit Account No. 12-0555:
(1) if no payment or an insufficient payment is enclosed and a fee is due in connection herewnth or
(2) if no petition for extension of time is enclosed but an EQT is required - and in this event, appllcant
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.

_/
£
Date: July 16, 2012 ’0““’ 7S 2 23518 r

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

STITES & HARBISON PLLC ¢ 1199 North Fairfax St. ¢ Suite 900 ¢ Alexandria, VA 22314
TEL: 703-739-4900 * FAx: 703-739-9577 ¢ CUSTOMER NoO. 38327

87/17/2812 LNGUYEN] BBE88B41 12923643
81 FC:1881 938.88 0P

254161:1:ALEXANDRIA
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of Confirmation No. 8219

YUASA
Group Art Unit 2897

)
)
)
)
Application Number: 12/923,643 )
) Examiner:
Filed: September 30, 2010 ) Alonzo Chambliss
)
For: MAGNETIC TUNNEL JUNCTION DEVICE )
)
Attorney Docket No. NAGI-0003 )

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:

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

[ ] (b) Within three months of the filing date of the RCE in the above-identified U.S. patent
application but 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

[ ] (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

[ 1 (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.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 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,

é@u? o € T

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

July 16, 2012

C\DM\Temp\ALEXANDRIA-#254163-v1-NAGI-3_IDS_with_RCE_.doc
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OPAR

UL 162012 ©

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

Substitute for Form 1449/970%? (ﬁg Application # 12/923,643
$ AW Confirmation # 8219
INFORMATION DISCLOSURE Filing Date June 29, 2012
First Inventor YUASA
STATEMENT BY APPLICANT At Uni 5897
Examiner Alonzo Chambliss
Sheet 1 of § Docket # NAGI-0003
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.
2006/0056115 '° 03-16-2006 | 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.
2004/0144995 A1 ° 07-29-2004 | Nagahama 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.
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Customized PTO/SB/08a+b (07-09)

| Sheet20f5 | US Patent Application No. 12/293,643 | Docket No.: NAGI-0003 |
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.
7,357,995 " 04-15-2008 | Parkin
2008-0062581 03-13-2008 | 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).(a.m. Country-Number- Publ. Date Name . Relevance Tra‘ns-
Initial* Kind Code ' known MM-DD-YYYY Patentee or Applicant Paé?:ges/ lation
Canon Anelva Corp.;
JP 2006-080116 03-23-2006 Nat. Inst of Adv. Ind & Abstract
Technol.
JP 2002-270790 09-20-2002 Toshiba Corp. Abstract
Matsushita Electric .
JP 2003-304012 10-24-2003 Ind Co. Ltd. Partial
JP H05-144729 06-11-1993 Hitachi Ltd. Partial
Japan Science and
EP 1793 434 A1 06-06-2007 Technology Agency Yes
EP 1633 007 A3 07/11/2007 Anelva Corporation Yes
Nat. Inst. Of Adv. Ind. ,
JP 2002-359413 A 12-13-2002 & Technol.; Japan Abstract
Science & Tech Corp.
WO 01/56090 A1 08-02-2001 Takahashi Abstract
‘ 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 | Hewlelt Packard Abstract
evelopment Co.
KR 2002-0042448A 06-05-2002 Anelva Corp. Abstract
KR 2003-0097904 12-31-2003 Nagahama et al. Partial
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Sheet30f 5 | US Patent Application No. 12/293,643 [ Docket No. NAGI-0003

NON PATENT LITERATURE DOCUMENTS

Exam.
Initial*

Include NAME of the author (in CAPS), Title of Article/item, Date, Page(s),
Volume-lssue No., Publisher, City and/or Country where published

Translation

Office Action issued from Japanese Patent Office, in corresponding
Japanese Patent Application No. 2011-226907, dated January 31, 2012, pp.
1-3.

Yes

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

Yes

David D. DIAYAPRAWIRA et al., “230% Room-Temperature
Magnetoresistance in CoFeB/MgO/CoFeB Magnetic Tunnel Junctions,”
Applied Physics Letters, Vol. 86, 092501-092502-3, February 23, 2005.

Yes

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

Yes

David D. DIAYAPRAWIRA 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,
May 15, 2002.

Yes

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

Yes

Extended European Search Report, issued from European Patent Office, of
European Application 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,
27-33, January 25, 2004.

Abstract

A. KOBAYASHI et al., “TMR Devices Fabricated with RIE Etching Using Co+
NH;" Journal of the Magnetics Society of Japan, Vol. 28, No. 2, February 1,
2004.

Abstract

J.S. MOODERA et al., “Large Magnetoresistance at Room Temperature in
Ferromagnetic Thin Film Tunnel Junctions,” Physical Review Letters, Vol.
74, No. 16, pp. 3273-3276, April 17, 1995.

Yes

J.S. MOODERA, “Interface Magnetism and Spin Wave Scattering in

‘Ferromagnet-Insulator-Ferromagnet Tunnel Junctions,” Physical Review

Letters, Vol. 80, No. 13, pp. 2941-2944, March 30, 1998.

Yes

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-
L1108, October 1, 1999.

Yes

K. NAGASAKA et al., “CPP Operational Mode of GMR Head,” Fujitsu Sci.
Tech. J., Vol. 37, No. 2, pp. 192-200, December 2001.

Yes

T. OSADA et al., “Dry Etching of Magnetic Thin Film Stacks Using CO/NH,
and CH3;OH Gases for Tunneling Magneto-Resistance Devices,” 2004 Dry
Process International Symposium, Vol. 4, pp. 127-131, 2004.

Yes
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NON PATENT LITERATURE DOCUMENTS

Exam.
Initial*

Include NAME of the author (in CAPS), Title of Article/lItem, Date, Page(s),
Volume-Issue No., Publisher, City and/or Country where published

Translation

Stuart S.P. PARKIN et al.” Giant Tunnelling Magnetoresistance At Room
Temperature with MgO (100) Tunnel Barriers,” Nature Materials, Vol, 3, pp.
862-867, December 2004.

Yes

M. TAKAGISHI et al., “The Applicability of CPP-GMR Heads for Magnetic
Recording,” IEEE Transactions on Magnetics, Vol. 38, No. 5, pp. 2277-2282,
September 2002. )

Yes

A. TANAKA et al., “Spin-Valve Heads in the Current-Perpendicular-to-Plane
Mode for Ultrahigh-Density Recording,” IEEE Transactions on Magnetics,
Vo!. 38, No. 1, January 2002.

Yes

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

Yes

D. WANG et al., “70% TMR at Room Temperature for SDT Sandwich
Junctions With CoFeB as Free and Reference Layers,” IEEE Transactions
on Magnetics, Vol. 40, No. 4, pp. 2270-2271, July 2004.

Yes

S. YOSHIMURA et al., “ Magnetic Grain Size Reduction by Using Oxygen
Exposure Process Onto Very Thin Islandlike WCr Seedlayer in Longitudinal
Recording Media,” Journal of Applied Physics, Vol. 91, No. 10, pp. 8629-
8631, May 15, 2002.

Yes.

S. YOSHIMURA et al. “Grain Size Reduction by Utilizing A Very Thin, High-
Melting-Point WCr Seedlayer in Longitudinal Media: Media Noise Reduction
in High H®" Media, Vol. 25, No. 4-2, pp. 627-630 (2001).

Abstract

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

Yes

S. YUASA et al. “Magnetic Tunnel Junctions With Single-Crystal Electrodes:
A Crystal Anisotropy of Tunnel Magneto-Resistance,” Europhysics Letters,
Vol. 52, No. 3, pp. 344-350 November 1, 2000.

Yes

S. YUASA et al., “ High Tunnel Magnetoresistance at Room Temperature in
Fully Epitaxial Fe/MgO/Fe Tunnel Junctions due to Coherent Spin-Polarized’
Tunneling,” Japanese Journal of Applied Physics Vol. 43, No. 48, 2004, pp.

L588-L590.

Yes

S. YUASA et al., “Giant Room-Temperature Magnetoresistance in Single-
Crystal Fe/MgO/Fe Magnetic Tunnel Junctions,” Nature Materials Vol. 3, pp.
868-871, October 31, 2004
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S. YUASA et al., “Spin-Polarized Resonant Tunneling In Magnetic Tunnel
Junctions,” Science, Vol. 297, pp. 234-237, July 12, 2002.
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* Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP §609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.
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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 |
08/07/2012

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: 08/07/2012

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

12/923,643 09/30/2010
TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE

Shinji Yuasa NAGI-0003 8219

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 11/07/2012
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
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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.
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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
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(Date)
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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 11/07/2012
I EXAMINER | ART UNIT I CLASS-SUBCLASS |
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.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
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I APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
12/923,643 09/30/2010 Shinji Yuasa NAGI-0003 8219
| EXAMINER |
38327 7590 08/07/2012
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: 08/07/2012

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.

WD EX1004
Western Digital v IP Bridge

Page 299



Application No. Applicant(s)

i o 12/923,643 YUASA, SHINJI
Notice of Allowability 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 RCE filed on 7/16/12.

2. [ 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 20,21,23 and 24.

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

a) X All b) [] Some* c¢)[]None of the:
1. X Certified copies of the priority documents have been received.
2. [] Certified copies of the priority documents have been received in Application No.
3. [] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* 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) [J 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) [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).

7. ] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [ Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application
2. [[] Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO/SB/08), 7. [] Examiner's Amendment/Comment
Paper No./Mail Date 7/16/12
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [] Examiner's Statement of Reasons for Allowance

of Biological Material
9. [X] Other See Detailed Action.

U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20120727
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Application/Control Number: 12/923,643 Page 2
Art Unit: 2897

DETAILED ACTION

Continued Examination Under 37 CFR 1.114
1. A request for continued examination under 37 CFR 1.114, including the fee set
forth in 37 CFR 1.17(e), was filed in this application after allowance or after an Office
action under Ex Parte Quayle, 25 USPQ 74, 453 O.G. 213 (Comm'r Pat. 1935). Since
this application is eligible for continued examination under 37 CFR 1.114, and the fee
set forth in 37 CFR 1.17(e) has been timely paid, prosecution in this application has
been reopened pursuant to 37 CFR 1.114. Applicant's submission filed on 7/16/12 has

been entered.

Information Disclosure Statement

2. The information disclosure statement (IDS) submitted on 7/16/12 was filed before
the mailing date of the notice of allowance on 7/27/12. 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.
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Application/Control Number: 12/923,643 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/July 27, 2012 /Alonzo Chambliss/

Primary Examiner, Art Unit 2897
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East text search only - see attach printout 12/16/10 AC
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Updated previous East text serach only - see attached printout 11/6/11 AC
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OPAR

Receipt date: 07/16/201 12923643 - GAU: 2897

UL162012 ¢
W

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

Substitute for Form 1449/PT07<% oﬁ Application # 12/923,643
¢ MapewiS Confirmation # 8219
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[J 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 ($125 for small entity) for each
¢ 16(s)) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
|:| MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
- | 08/21/2012 | jrren PREVIOUSLY EXTRA RATE®) 1 Fee (9) RATE ($) FEE (9)
5 AMENDMENT PAID FOR
s I?;gl)') (27 CFR =20 Minus | == 20 -0 Xs = oR | x seo= 0
5 .
= B R nss | 3 -0 T Sl RSN E—
<§( I:l Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (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 1.16(i)) Minus = X$ = OR [ X8 =
= FEE B winus | - - xs__- OR xS -
Z D Aoplicati )
] pplication 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”. /LINDA 18 WISE/
*** 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 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 |
09/10/2012

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: 09/10/2012

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

12/923,643 09/30/2010
TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE

Shinji Yuasa NAGI-0003 8219

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 12/10/2012
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 09/10/2012
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.
12/923,643 09/30/2010 Shinji Yuasa NAGI-0003 8219
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 12/10/2012
[ 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. |
12/923,643 09/30/2010 Shinji Yuasa NAGI-0003 8219
| EXAMINER |
38327 7590 09/10/2012
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: 09/10/2012

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
PTOL-85 (Rev. 02/11)
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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)

} . 12/923,643 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 RCE filed on 8/21/12..

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 20,2123 and 24.

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. [X] Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No. ___
3. [ Copies of the 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. [] Examiner's Amendment/Comment
Paper No./Mail Date 8/21/12
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [J Examiner's Statement of Reasons for Allowance

of Biological Material
9. [X] Other See Detailed Action.

U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20120905
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Application/Control Number: 12/923,643 Page 2
Art Unit: 2897

Continued Examination Under 37 CFR 1.114
1. A request for continued examination under 37 CFR 1.114, including the fee set
forth in 37 CFR 1.17(e), was filed in this application after allowance or after an Office
action under Ex Parte Quayle, 25 USPQ 74, 453 O.G. 213 (Comm'r Pat. 1935). Since
this application is eligible for continued examination under 37 CFR 1.114, and the fee
set forth in 37 CFR 1.17(e) has been timely paid, prosecution in this application has
been reopened pursuant to 37 CFR 1.114. Applicant's submission filed on 8/21/12 has

been entered.

Information Disclosure Statement
2. The information disclosure statement (IDS) submitted on 8/21/12 was filed after
the mailing date of the notice of allowance on 8/7/12. 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.
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Application/Control Number: 12/923,643 Page 3
Art Unit: 2897

CLAIMS:
In claim 24, line 1 delete “ 20 ” insert -- 23 --.

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
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.
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Application/Control Number: 12/923,643 Page 4
Art Unit: 2897

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 12923643 YUASA, SHINJI
Examiner Art Unit
Alonzo Chambliss 2892
SEARCHED
Class Subclass Date Examiner
SEARCH NOTES
Search Notes Date Examiner
East text search only - see attach printout 12/16/10 AC
Updated previous East text search only - see attached printout 7/18/11 AC
Updated previous East text serach only - see attached printout 11/6/11 AC
Updated previous East text search only - see attached printout 3/1/12 AC
Updated previous East text search only - see attached printout 6/21/12 AC
Updated previous East text search only - see attached printout 7/27/12 AC
Updated previous East text search only - see attached printout 9/5/12 AC
INTERFERENCE SEARCH
Class Subclass Date Examiner
257 4,295 421,427 3/1/12 AC
365 171 3/1/12 AC
257 4,295,421,427 6/21/12 AC
365 171 6/21/12 AC
438 3 6/21/12 AC
257 4,295,421,427 7/27/112 AC
365 171 7/27/112 AC
438 3 7/27/12 AC
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
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GP AP

Receipt date; 08/21/2012 %) | 12923643 - GAU: 2897
- : , | UG 21201
- ) 0, Customized PTO/SB/08a+b (07-09)
ubsti m Application # 12/923,643
Substitute for Form 1449/PTO %a Yhap a&yﬁ”‘ Cor?f'i)rr:::t:g: # _ 1o
INFORMATION DISCLOSURE Filing Date September 30, 2010
\ First Inventor YUASA
STATEMENT BY APPLICANT At Unt 5897
Examiner Alonzo Chambliss
Sheet 1 of 1 Docket # NAGI-0003

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

Exam. Country-Number- Publ. Date Name Relevance Trans-
Initial* Kind Code """ MM-DD-YYYY Patentee or Applicant | Passages/Figs. | lation
EP 0 145 403 A2 06—19-1 985 Energy Conversion Yes
Devices, Inc.
EP 1 061 592 A2 12-20-2000 " | Matsushita Electric Yes
Industrial Co., Ltd.

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

N. INABA et al., “Magnetic and Crystallographic Properties of Co-Cr-Pt
Longitudinal Media Prepared on MgO Seedlayers Deposited by ECR
Sputtering,” IEEE Transactions on Magnetics,vol. 36, No. 5, September Yes
2000, pp. 2372-2374.

R.T. BREWER et al., “Reflection High-Energy Electron Diffraction

Experimental Analysis of Polycrystalline MgO Films With Grain Size and
Orientation Distributions,” Journal of Applied Physics, vol. 93, No. 1, Yes
January 1, 2003, pp. 205-210.

R.T. BREWER et al., “Rapid Biaxial Texture Development During Nucleation
of MgO Thin Films During lon Beam-Assisted Deposition,” Applied Physics Yes
Letters, vol. 80, No. 18, May 6, 2002, pp. 3388-3390.

OB O000Ty

Examiner Signature {Alonzo Chambliss/ (09/04/2012) Date Considered

* Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP §609. Draw line through
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For: MAGNETIC TUNNEL JUNCTION DEVICE

In re U.S. Patent Application of )
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) e
Application Number: 12/923,643 ) Cen|flcate
Patent No. 8,319,263 o
Filed: September 30,2010 § FEB 22 ot

iled: September 30, .

Issued: November 27,2012 ) of Correction

)
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)

Attorney Docket No. NAGI-0003

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

REQUEST FOR CERTIFICATE OF CORRECTION
=
Sir:
The Commissioner is hereby respectfully requested to approve and issue a Certificate of
Correction in accordance with the attached Certificate of Correction in order to amend claims 1

and 3 to correct minor errors.

Attached is a copy of the Request for a Certificate of Correction setting forth the

requested change, along with a credit card form 2038 in the amount of $100.00

The Commissioner is hereby respectfully requested to grant a Certificate of Correction in
accordance with the attached Certificate of Correction.
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The Commissioner is also 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.

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

Customer No.: 38327
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Sir: .
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(x) Certificate of Correction (Form PTO-1050)
(x) Credit Card Form-2038 for $100.00

(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,
STITES & HARBISON, PLLC J Carlosﬁ\m/
1199 N. Fairfax Street, Suite 900 egistration N 4,072

Alexandria, Virginia 22314
(703) 739-4900
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PATENT NO. : 8,319,263 B2
DATED . . November 27, 2012

INVENTOR(S) : YUASA

it is certified that error appears in the above-identified patent and that said Letters
Patent is hereby corrected as shown below:

Please amend the claims as follows:
Claim 1, column 10, lines 11 and 12,

please delete --wherein the tunnel barrier fayer has a tunnel barrier height © in a range
of 0.2t0o 0.5 eV.—

and please add “wherein the tunnel barrier layer has a tunnel barrier height ® in a range
of 0.2t0 0.5 eV.”

Claim 3 column 10, line 20,

please delete
-J= [(2m®)"% As] (e/h)? x exp [-(4TAs/h) x (2m¥) 2] x V (1)--
and please add

“J= [(2m®) "%/ As] (e/h)? x exp [-(4As/h) x (2md) '] x V (1)

MAILING ADDRESS OF SENDER: PATENT NO. 8,319,263 B2
Juan Carlos A. Marquez, Esq.

STITES & HARBISON, PLLC

1199 N. Fairfax Street

Alexandria, Virginia 22314

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. 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 1.0 hour 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:
Attention Certificate of Corrections Branch, 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
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 8,319,263 B2 Page 1 of 1
APPLICATION NO. : 12/923643

DATED : November 27, 2012

INVENTOR(S) : Yuasa

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

Claim 1, column 10, lines 11 and 12,

please delete “wherein the tunnel barrier layer has a tunnel barrier height © in a range
0of 0.2t0 0.5eV.”

and please add “wherein the tunnel barrier layer has a tunnel barrier height @ in a range
0of 0.2t0 0.5eV.”

Claim 3, column 10, line 20,

please delete

“J=[(2m¥)"*/ As] (e/h)* x exp [-(4TTAs/h) x 2m¥) ] xV  (1)”
and please add

“J=[(2m®)"?/ As] (e/h)’ x exp [-(4TTAs/h) x 2md) ] xV (1)

Signed and Sealed this
Second Day of April, 2013

%z@/ j%%/ %J

Teresa Stanek Rea
Acting Director of the United States Patent and Trademark Olffice
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