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,, 
MAGNETIC 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 

ext~nsively carried out, and sample products of a 4Mbit MRAM have actually 

been delivered. 

[0008] Fig. 8 shows the structure and operation principle of a magnetic 

tunnel junction device (to be hereafter referred to as a "MTJ device"), which 

is the most important part of the MRAM. As shown in Fig. 8(A), a MTJ device 

comprises a tunnelling junction structure in which a tunnel barrier (to be 

hereafter also referred to as a "barrier layer") made of an oxide is sandwiched 

between a first and a second electrode made of a ferromagnetic metal. The 

tunnel barrier layer comprises an amorphous Al ·O layer (see Non-Patent 

Document 1). As shown in Fig. 8(A), in the case of parallel magnetization 

alignment where the directions of magnetizations of the first and second 

ferromagnetic electrodes are aligned parallel, the electric resistance of the 

de:vice with respect to the direction normal to the interfaces of the tunneling 

junction structure decreases. On the other hand, in the case of antiparallel 

magnetization alignment where the directions of magnetizations of the first 

and second ferromagnetic electrodes are aligned antiparallel as shown in Fig. 

8(B), the electric resistance with respect to the direction normal to the 

interfaces of the tunneling junction structure increases. The resistance 

va_lue does not change in a general state, so that information "1" or "0" can be 

stored depending on whether the resistance value is high or not. Since the 

parallel and antiparallel magnetization alignments can be stored in a 

non-volatile fashion, the device can be used as a non-volatile memory device. 

2 

WD EX1004 
Western Digital v IP Bridge 

Page 10



' 
[0009] Fig. 9 shows an example of the basic structure of the MRAM. Fig. 9(A) 

shows a perspective view of the MRAM, and Fig. 9(B) schematically shows a 

circuit 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 r~ading the resistance value of the MTJ device that functions as, a 

load resistance; using the MOSFET. The stored information can be rewritten 

by applying a magnetic field to the MTJ device, for example. As shown in Fig. 

9(C), an MRAM memory cell comprises a MOSFET 100 including a source 

region 105 and a drain region 103 both formed inside a p·type Si substrate 

101, and a gate electrode 111 formed on a channel region that is defined 

between the source and drain regions. The MRAM also comprises a MTJ 

device 117. The source region 105 is grounded, and the drain is connected to . . 

a bit line BL via the MTJ device. A word line WL is connected to the gate 
' ! ' ~ . ' . • . 

electrode 111 in a region that is not shown. 

[0'010] Thus, a single non ·volatile MRAM memory cell can be formed by a 

single MOSFE.T 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. 

3 
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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 

levels of integration are to be achieved. In particular, in order to increase the 

output voltage of the MTJ device, the magnetoresistance must be increased 

and the bias voltage characteristics must be improved. Fig. 10 illustrates 

how the magnetoresistance in a conventional MTJ device using an 

amorphous Al-O as the tunnel barrier changes as a function of the bias 

yoltage . (LI). As shown, 1n the conventional MTJ device, the 

magnetoresistance is small and, notably, it tends to drastically decrease 

upon application of bias voltage. With such characteristics, the output 

yoltage when operation margins are taken into consideration is too small for 

the device to be employed for an actual memory device. Specifically, the 

magnetoresistance of the current MTJ device is small at approximately 70%, 
' " 

and the output voltage is also small at no more than 200 m V, which is 

substantially half the output voltage of a DRAM. This has resulted in the 

problem that as the level of integration increases, signals are increasingly 

lost in noise and cannot be read. 

[0014] rt·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 magiletoresistance for stable operation. 

[0015] In one aspect, the invention provides a magnetoresistive device 

comprising a magnetic tunnel junction structure comprising: a tunnel barrier 
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 MgOx 

(0~l) layer or a poly-crystalline MgOx (0 < x < 1) layer in which the (001) 

crystal 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(00l); a first ferromagnetic material layer comprising 

Fe(00l) formed on a first side of the tunnel barrier layer; and a second 

ferromagnetic material layer comprising Fe(00l) 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 

preferred embodiment, the band discontinuity value (the height of the tunnel 

barrier) between the bottom of the conduction band of the MgO(00l) layer 

and the Fermi energy of the Fe(00l) layer is smaller than an ideal value of a 

perfect single-crystal without defect. These features increase the 

magnetoresistance and thereby allow the output voltage of the MTJ device to 

be increased. By using any of the aforementioned MTJ devices as a load for a 

single transistor, a non-volatile memory can be formed. 
'·. 

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

a ·ma~netoresistive device comprising: preparing a substrate; depositing a 

first Fe(00l) layer on the substrate; depositing a tunnel barrier layer on the 
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\' 

firi;;t Fe(00l) layer by electron beam evaporation under high vacuum, the 

tunn~l barrier layer comprising a single-crystalline MgOx (001) or a 

poly-crystalline MgOx (0 < x < 1) in which the (001) crystal plane is 

preferentially .oriented; and forming a second Fe(00l) 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(00l) 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(00l) layer on the substrate and performing an annealing process to 

make the su:rface flat, a third step of depositing a tunnel barrier layer on the 

first Fe(00l) layer by electron beam evaporation, the tunnel barrier layer 

comprising a single-crystalline MgOx(00l) or a poly-crystalline MgOx (0 < x < 

1) in which the (001) crystal plane is preferentially oriented, and a fourth 

step, of forming a second Fe(00l) layer on the tunnel barrier layer. The 

rn.ethod may further comprise the step of growing a seed layer between the 

first and the second steps, the seed layer comprising a single-crystalline 

MgO/001) or a poly-crystalline MgOx (0 < x < 1) in which the (001) crystal 
·,\ l • • 

plane is preferentially oriented. The MgO layer may be deposited using a 
,,. . .. ,; . 

target with the value of x in MgOx adjusted. The value of x in MgOx 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 

barrier layer comprising MgO(00l), a first ferromagnetic material layer 
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~~mprising 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(00I) 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. I(B) shows the structure of a MTJ device according to a first 

embod-iment of the invention, and Fig. I(A) shows the energy band structure 

of a ferromagnetic metal Fe(00l), illustrating the E·EF 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(00I)/MgO(00l)/Fe(00I) structure (to be hereafter 

referred to as a "Fe(00I)/MgO(00I)/Fe(00l) MTJ device") according to an 

embodiment of the invention. 

[0023] Fig. S(A) shows a RHEED image of a Fe(00I) lower electrode (a first 

electrode), and Fig. S(B) shows a RHEED image of a MgO(00l) barrier layer. 

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

the ·deposition chamber during the MgO evaporation . 
. \;• ' 
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[0025] Fig. 5 shows the film deposition rate dependency of the oxygen partial 

pressure during the MgO evaporation. 

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

Fe(00l)/MgO(00l)/Fe(00l) 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 pers·pective view of the MRAM, Fig. 9(B) showing a schematic 

circ~it diagram, and Fig. 9(C) showing a cross-sectional view of an example of 

its structure. 

[0030] Fig. 10 shows how the magnetoresistance of a conventional MTJ 

device using an amorphous Al ·O as the tunnel barrier changes depending on 

the bias voltage. 

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

the invention, corresponding to Fig. l(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 includes the BCC structure with no chemical ordering so-called 

A.2·type structure, the BCC structure with chemical ordering such as B2·type 
' ·, ,, '' 

structre and L2rtype structure, and also the aforementioned structures with 

slight lattice distortion. 

[0034] The term "ideal value" with regard to a perfect single-crystal without 

defect herein refers to a value that has been estimated from ultraviolet 

photoemission spectroscopy experiments (see W. Wulfhekel, et al.: Appl. 

Phys. Lett. 78 (2001) 509.). The term ".ideal value" is used herein because the 

aforementioned-state can be considered to be an upper limit value of the 

potential barrier height of the tunnel 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] ~R/Rp = (Rap - Rp)/Rp 
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fo037] 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 • P1P2), and 

[0039] Pa = (Da t (Ep) - Da -l, (Ep))/(Da t (Ep) + Da -l, (Ep), 

[0040] where a = 1, 2 (1) 

[0041] In the above equations, Pa is the spin polarization of an electrode, and 

Dci t (Ep) and Da -l, (Ep) are the density of state (DOS) at the Fermi energy 

(Ep) of the majority-spin band and the minority-spin band, respectively. 

Since the spin polarization of ferromagnetic transition metals and alloys is 

approxi·mately 0.5 or smaller, the Jullire's formula predicts a highest· 

estimated MR ratio of about 70%. 

[0042] Although the MR ratio of approximately 70% has been obtained at 

room temperature when a MTJ device was made using an amorphous Al·O 

tunnel barrier ·and polycrystalline electrodes, it has been difficult to obtain 

the butput 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. l(B) shows the MTJ device structure according to an embodiment of the 

invention. Fig. l(A) shows the energy band structure of the ferromagnetic 

Fe(0Ol), that is, the E·EF relationship with respect to the [001] direction of 

the momentum space. As shown in Fig. l(B), the MTJ device structure of the 

present embodiment comprises a first Fe (001) layer 1, a second Fe (001) 

layer 5, and a single-crystalline MgOx (001) layer 3 or a poly-crystalline MgOx 

(0 < x < 1) layer _3 sandwiched there between, the polycrystalline layer having 

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

aforementioned Jullire's model, assuming that the momentum of the 

conduction electrons is preserved in the tunneling process, the tunneling 

current that passes through MgO would be dominated by those electrons with 

wave vector kz in the direction perpendicular to the tunnel barrier (normal to 

the jun_ct~on inte,rfaces). In accordance with the energy band diagram shown 

in Fig. l(A) of Fe in the [001] (r· H) direction, the density of state (DOS) at the 

Fermi eriergy EF does not exhibit a very high spin polarization due to the fact 

that t~e sub-bands of the majority-spin and the minority-spin have states at 

t~e Fermi energy EF. However, in case the coherent states of electrons are 

conserved in the tunneling process, only those conduction electrons that have 
t ' •,l ., 

totally symmetrical wave functions with respect to the axis perpendicular to 
:·· 

the barrier would be coupled with the states in the barrier region and come to 

have a finite tunneling probability. The ~1 band in the Fe(00l) electrode has 

such totally symmetric wave functions. As shown in Fig. l(A), the majority 
''' 
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spin '61 band (solid line) has states at the Fermi energy EF, whereas the 
,' 

minority spin 61 band (broken line) does not have state at the Fermi energy 

EF .. • Because of such half-metallic characteristics of the Fe 61 band, there is 

the possibility that a very high MR ratio can be obtained in a coherent spin 

polarized tunneling. Since in ·an epitaxial (single-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(00l)/Fe(00l) 

structure according to the embodiment (to be hereafter referred to as a 

"Fe(00l)/MgO(00l)/Fe(00l) MTJ device"). Fe(00l) refers to a ferromagnetic 

material with the BCC structure. First, a single-crystal MgO(00l) substrate 

11 was prepared. In order to improve the morphology of the surface of the 

single-crysta_l MgO(00l) substrate 11, a MgO(00l) seed layer 15 was grown by 

the molecular beam epitaxy (MBE) method. This was subsequently followed 
l • 

by the growth of an epitaxial Fe(00l) lower electrode (first electrode) 17 with 
,'' ' ' . :, . 

the thickness of 50 nm on the MgO(00l) seed layer 15 at room temperature, 
~ . ' . ' 

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

ultra11.igh vacuum (2 x 10-s Pa). Electron-beam evaporation conditions 

includ_ed an acceleration voltage of 8 kV, a growth rate of 0.02 nm/sec, and the 

growth temperature of room temperature (about 293K). The source material 
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of t~e 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 ba~e vacuum pressure was 1 x 10·8 Pa, and the 02 

partial pressure was 1 x 10·6 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(00l) lower electrode (a first 

electrode). The image shows that the Fe(00l) lower electrode (first electrode) 

17 possesses a'. good crystallinity and flatness. Thereafter, a MgO(00l) 

barrier layer 21 with the thickness of 2 nm was epitaxially grown on the 

Fe(00l) 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(00l) ·barrier layer 21. The image shows that the MgO(00l) barrier 

layer 21 also possesses a good crystallinity and flatness. 

[0046] As shown in Fig. 2(D), a Fe(00l) upper electrode (a second electrode) 

23 with the thickness of 10 nm was formed on the MgO(00l) 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(00l) upper electrode 

(second electrode) 23. The Co layer 25 is provided to increase the coercive 

force of. the upper ele'ctrode 23 so as to realize the antiparallel magnetization 

alignment. The thus prepared sample was then processed by 

inicrofabrication techniques to obtain the Fe(00l)/MgO(00l)/Fe(00l) MTJ 

device. 
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[004 7] The aforementioned MgO evaporation using an electron beam 

involved the formation of a film under ultrahigh vacuum of 10·9 Torr. It can 

be seen that in this method, the film, even when formed on a glass substrate 

to the thickness of 300 nm, was colorless and transparent, showing that a 

good crystal film was formed. Fig. 4 shows the results of observing the 

quadrupole mass spectra in the deposition chamber during the MgO growth. 

The results show that the partial pressures regarding the spectrum Pl of 0 

and the spectrum P2 of 02 are high. Fig. 5 shows the film deposition rate 

depen,dency of the o~ygen partial pressure during MgO evaporation. It will 

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

that the oxygen partial pressure increases as the deposition rate increases. 

These results indicate the separation of oxygen from MgO during the 

deposition of MgO. Since the separated oxygen is pumped out. of the 

deposition chamber using vacuum pumps, there is the possibility that there 

are oxygen vacancy defects such as MgOx (0.9 < x < I). When there are oxygen 

vacancy defects, the potential barrier height of the MgO tunnel barrier is 

t.hought to decrease (such as in the range of 0.10 to 0.85 e V; more specifically, 

0.2· to 0.5 • e V), which is thought to result in an increase in the tunneling 

current. In the case of a typical Al ·O tunnel barrier, the height of the tunnel 

barrier with respect to Fe(00I) electrodes is considered to be 0.7 to 2.5 eV. An 

ideal tunnel barrier height of a MgO crystal is 3.6 e V, and experimental 

values of 0.9 to 3. 7 e V have been obtained. Using the method a~cording to the 

present embodiment of the invention, a tunnel barrier height of 

approximately 0.3 e Vis expected, indicating that the resistance of the tunnel 

' barrier can be lowered. 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 electric conductance characteristics of the MTJ device (the relationship 

between tunnel current density J and bias voltage V) onto the Simmons' 

formula (Equation (20) in a non-patent document by J. G. Simmons: J. Appl. 

Phys. 34, pp. 1793-1803 (1963)) based on the WKB approximation, using the 

least squares method. The fitting was performed using the free electron mass 

(m '~: 9.11 x 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~linearity appears in the J·V characteristics, the height ~ of the tunnel 

barrier and the effective thickness ~s of the tunnel barrier can be 

simultaneously determined by fitting the J-V characteristics using the 

Simmons' formula. 

[0049] The effective thickness ~s of the tunnel barrier was determined to be 

smaller thari·the thickness of the actual MgO(00l) 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 

M·gO(00l) layer thickness by the effect of the image potential produced at the 
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interface between the MgO(00l) 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 

technique. Namely, when the bias voltage V applied to the MTJ device is 

small (normally 100 m V or smaller), the tunnel current density J is 

proportional to the bias voltage V, such that the J-V characteristics become 

linear. •:hi- such a low-bias voltage region, the Simmons' formula can be 

described as follows: 

[0051] J'= .[(2m~) 112/!is](e/h) 2 x exp[-(4n!is/h) x (2m~) 112] x V (2) 

[0052] where m is the mass of the free electron (9.11 x 10·31 kg), e is the 

elementary· electric charge (1.60 x 10· 19 C), and h is the Planck's constant 

(6.63 x 10·34 J.s). The effective thickness of the tunnel barrier Lis is 

approximately tMgO - 0.5 nm. By fitting the J-V characteristics of the MTJ 
'... . 

device in the low-bias voltage region onto Equation (2), the height ~ of the 

tunnel barrier can be simply and yet accurately estimated. 

[0053] Fig. 6 shows a typical magnetoresistance curve of the 

Fe(00l)/MgO(00l)/Fe(00l) MTJ device produced by the above-described 

method. The MR ratio is 146% at the measurement temperature of 20K and 

88% at the measurement temperature of 293K. These values represent the 

highest MR ratios that have so far been obtained at room temperature. Such 

high MR ratios cannot be explained by the spin polarization of the Fe(00l) 
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electrode and is thought rather to be related to a coherent spin ·polarized 
' •. 

tunneling. When 160 prototype MTJ devices were made, the variations 

regarding the MR ratio and tunneling resistance value were not more than 

20%. The yield of the MTJ devices was 90% or more at the laboratory stage. 

These high values suggest the effectiveness of the approach of the invention. 

The resistance~area (RA) product of the MTJ device was on the order of a few 

kOµm 2 , which is suitable for MRAM. 

[0054] Fig. 7(a) shows the bias voltage dependency of the MR ratio at room 

temj:>'erature. It will be seen that the bias voltage dependency of the MR ratio 

is fairly small. Although the characteristics are asymmetric, the voltage V half 

at which the ·MR ratio is reduced in half of the zero·bias value is 1250 mV, 

which' is a very high value. In this connection, it is noted that the voltage 

Vhalf 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 Vout of the MTJ device (=bias voltage X (Rap -

Rp)/Rap). The maximum value of the output voltage Vout is 380 mV with a 
. '. 

positive bias. 'f_his value is about twice as large as that (a little less than 200 

mV) in the case of the Al-0 barrier. These· high values in terms of both MR 

ratio and output voltage suggest the effectiveness of the technique according 

to the present embodiment. 

[0055] Although in the above-described embodiment Fe(OOl) 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(00l) layer. 

[0056] Hereafter, a MTJ device according to a second embodiment of the 

inv~ntion and a method of manufacturing the same will be described. In the 

method of m·anufacturing a Fe(00l)/MgO(00l)/Fe(00l) MTJ device according 

to the present embodiment, MgO(00l) 1s 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 pla·ne is preferentially oriented or a single·crystal is obtained. Th.e 

sputtering conditions were such that, for example, the temperature was room 

t~mperature (293K), a 2·inch ~ MgO was used as a target, and sputtering was 

conducted in an Ar atmosphere. The acceleration power was 200 W and the 

growth rate was 0.008 nm/s. Because MgO that is deposited under these 

conditions is in an amorphous state, a crystallized MgO was obtained by 

increasing the temperature to 300°C from room temperature and 

maintaining that temperature for a certain duration of time. 

[0057] Oxygen. vacancy defects may be introduced by a method whereby 

oxygen vacancy defects is produced during growth, a method whereby oxygen 

'vacancy defects is introduced subsequently, or a method whereby.a state.with 

oxygen vacancy defects is subjected to an oxygen plasma process or natural 

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

[0058] As described 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 eliminating the need for large·sized equipment. 

[0059] H_ereafter, 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. l(B). As shown in Fig. 11, the MTJ device of the variation 

is characterized in that, as in the MTJ device of the above-described 

embodiments, the electrodes disposed on either side of a single-crystal 

MgOx(00l) layer 503 or an oxygen·deficit poly·crystal MgO~ (0 < x < 1) in 

which· the (001) crystal plane is preferentially oriented comprises an 

amorphous ferromagnetic alloy, such as CoFeB layers 501 and 505. The 

a~orphous ferromagnetic alloy can be formed by evaporation or sputtering, 

for example. The resultant characteristics are substantially identical to 

those of the first embodiment. 

[0060] As the amorphous magnetic alloy, FeCoB, FeCoBSi, FeCoBP, FeZr, 

ah'd CoZr may be used, for example. Although an anneal process after the 

preparation of the MTJ device might cause the amorphous magnetic alloy in 

the ,electrode layers to be partially or entirely crystallized, this would not 

lead to a significant deterioration of the MR ratio. Thus, such a crystalli"zed 

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 t·he invention is not limited to those specific embodiments and various 

other modifications, improvements and combinations are possible. For 
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example, the height of the tunnel barrier may be adjusted by doping Ca or Sr, 

instead of introducing an oxygen vacancy defects to the MgO layer. Further, 

while the MgO layer has been described to be deposited by electron-beam 

evaporation or sputtering, it should be obvious that other deposition methods 

are also possible. The term "high vacuum" refers to values on the order of no 

more than 10·6 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 

10·4 Pa. 

[0062] • In ·accordance with the invention, a larger magnetoresistance than in 

the··conventional MTJ device can be obtained, and the output voltage of the 

MTJ device can be.increased. At the same time, the resistance value of the 

MTJ device can be reduced so that it is optimized for MRAM. The invention 

thus enables the level of integration of MRAM using the MTJ device to be 

readily increased. In accordance with the invention, the output voltage value 

of the MRAM roughly doubles over prior art, making the MTJ -device of the 

inv·ention 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; 

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. 

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, 

wher.ein the ferromagnetic material layers each comprises an Fe-based 

alloy. 

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

w.he~eii:i: 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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annealing to partially or entirely crystallize the amorphous ferromagnetic 

material layer. 

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

wherein the ferromagnetic material is an Fe-based alloy. 

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

wherein the alloy is CoFeB alloy. 

8. A half product of a magnetoresistive device comprising: 

a first amorphous ferromagnetic material layer; 

a tun_nel barrier layer comprising a poly-crystalline magnesium oxide layer 
" . 

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

oxide layer has oxygen vacancy defects; and 

a second amorphous ferromagnetic material layer. 

9. A tunnel barrier layer deposited on an amorphous ferromagnetic material layer, 

wher~in the tunnel barrier layer comprises a poly-crystalline magnesium 

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

10. The ttinnef barrier layer deposited on an amorphous ferromagnetic material layer 

acc9rding to claim 9, 

wherein the magnesium oxide layer has oxygen vacancy defects. 
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11. The tunnel barrier layer deposited on an amorphous ferromagnetic material layer 

according to claim 9, 

wherein the ferromagnetic material is a Fe-based alloy. 

12. 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 magnesium 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 plaq.e 

is preferentially oriented. 

13. 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. 

14. A magnetoresistive device having a magnetic tunnel junction structure 

comprising: 

a first ferromagnetic material layer of the BCC structure; 

a tunnel barrier layer; and 

a second ferromagnetic material layer of the BCC structure; 

wherein the tunnel barrier layer comprises a poly-crystalline magnesium 

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

15. 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. 

16. A magnetic multilayer film comprising : 

a first 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; 

a s~cond ferromagnetic material layer; and 

the first and second ferromagnetic material layers comprising Fe or a 

Fe-based alloy of the BCC structure and comprising a poly-crystalline layer in 

which (00.1) 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(00l)/MgO(00l)/Fe(00l) MTJ device, which is formed by microfabrication 

of a sample prepared by the following steps. A single-crystalline MgO (001) 

substrate 11 is prepared. An epitaxial Fe(00l) lower electrode (a first 

electrode) 17 with the thickness of 50 nm is grown on a MgO(00l) seed layer 

15 at room temperature, followed by annealing under ultrahigh vacuum (2 x 

1o·s Pa) and at 350°C. AMgO(00l) barrier layer 21 with the thickness of 2 nm 

is epitaxially formed on the Fe(00l) lower electrode (the first electrode) at 

room temperature, using a MgO electron-beam evaporation. A Fe(00l) upper 

electrode (a second electrode) with the thickness of 10 nm is then formed on 
• • • • • ' l ' 

the MgO(00l) 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(00l)_ upper electrode (the· second electrode) 23. The Co layer 21 is 

provided so as to increase the coercive force of the upper electrode 23 in order 

~o realize an antiparallel magnetization alignment . 

. ·,1 \ 

'· 
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MAGNETIC 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/JP2005/004 720 filed on March 10, 2005. Priority is claimed from U.S. 

10/591,94 7 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 

inc'orporated 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 
' • ' 

jllnction 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 
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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. 

[o008] 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. S(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 

alignment where the directions of magnetizations of the first and second 

ferro~agnetic electrodes are aligned parallel, the electric resistance of the 

device with respect to the direction normal to the interfaces of the tunneling 
• I '• ; • 

junction structure decreases. On the other hand, in the case of antiparallel 

magnetization alignment where the directions of magnetizations of the first 

and second ferromagnetic electrodes are aligned antiparallel as shown in Fig. 

8(B), the electric resistance with respect to the direction normal to the 

interfaces of the tunneling junction structure increases. The resistance 

value does not change in a general state, so that information "l" or "O" can be . . 

stored depending on whether the resistance value is high or not. Since the 

parallel and antiparallel magnetization alignments can be store·d in a 
' •• : _i,, 

non;volatile fashion, the device .can be used as a non-volatile memory device. 

2 

WD EX1004 
Western Digital v IP Bridge 

Page 35



[0009] Fig. 9 shows an example of the basic structure of the MRAM. Fig. 9(A) 

shows a perspective view of the MRAM, and Fig. 9(B) schematically shows a 

cii:cuit block diagram. Fig. 9(C) is a cross-section of an example of the 

structure of the MRAM. Referring to Fig. 9(A), in an MRAM, a word line WL 

and a bit line BL are disposed in an intersecting manner, with an MRAM cell 

disposed at each intersection. As shown in Fig. 9(B), the MRAM cell disposed 

at the intersection of a word line and a bit line comprises a MTJ device and a 

MOSFET directly connected to the MTJ device. Stored information can be 

read by reading the resistance value of the MTJ device that functions as a 
. ' ' . ' . ~ • 

load resistance, using the MOSFET. The stored information can be rewritten 

by applying a magnetic field to the MTJ device, for example. As shown in Fig. 

9(C), an MRAM memory cell comprises a MOSFET 100 including a source 
' • 

region 10~ and a drain region 103 both formed inside a p·type Si substrate 

101, an9- a gate electrode 111 formed on a channel region that is defined 

between the source and drain regions. The MRAM also comprises a MTJ 

device 117. The source region 105 is grounded, and the drain is connected to 

a ~it line BL yia the MTJ device. A word line WL is connected to the gate 

ele'c.trode 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 where high levels of integration are required. 

[0011] Non-Patent Document 1: D. Wang, et al.: Science 294 (2001) 1488. 
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loo12] 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 

levels of integration are to be achieved. In particular, in order to increase the 

output voltage of the MTJ device, the magnetoresistance must be increased 

and the bias voltage characteristics must be improved. Fig. 10 illustrates 

how the magnetoresistance in a conventional MTJ device using an 

a:rriofphou's Al ·O • as the tunnel barrier changes as a function of the bias 

As shown, 1n the conventional MTJ device, the 

magnetoresistance is small and, notably, it tends to drastically decrease 

upon application of bias voltage. With such characteristics, the output 
•• ,1 • 

voltage when operation margins are taken into consideration is too small for 

the device to be employed for an actual memory device. Specifically, the 

magnetoresistance of the current MTJ device is small at approximately 70%, 

and the output voltage is also small at no more than 200 mV, which is 

substantially half the output voltage of a DRAM. This has resulted in the 

problem that as the level of integration increases, signals are increasingly 
' ' 

lost iri noise· and cannot be read. 

[0014l It .is a:fr object of the invention to increase the output voltage of a MTJ 

device·. It is an~ther object of the invention to provide a memory device with 

a high magnetbresistance for stable operation. 

[0015] In one aspect, the invention provides a magnetoresistive device 

comprising a magnetic tunnel junction structure comprising: ·a tunnel barrier 
;.,' . . • 4 
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laye·r.; a first ferromagnetic material layer of the BCC structure formed on a 

first side of the. tunnel barrier layer; and a second ferromagnetic material 

layer of the BCC structure formed on a second side of the tunnel barrier 

layer, wherein the tunnel barrier layer is formed by a single-crystal MgOx 

(001) layer or a poly-crystalline MgOx (0 < x < 1) layer in which the (001) 

crystal plane is: preferentially oriented. 

[00~6] The invention further provides a magnetoresistive device comprising 

a magnetic tunnel junction structure comprising: a tunnel barrier layer 

comprising MgO(00l); 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(00l) 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 

prefe~red embodiment, the band discontinuity value (the height of the tunnel 
,' 

barrier) between the bottom of the conduction band of the MgO(00l) layer 
,'i • 

and the Fermi energy of the Fe(00l) layer is smaller than an ideal value of a 

perfect single-crystal without defect. These features increase the 

magnetoresist_ance and thereby allow the output voltage of the MTJ device to 

be increased. By using any of the aforementioned MTJ devices as a load for a 

sing~e transistor, a non-volatile memory can be formed. 

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

a niagnetoresistive device comprising: preparing a substrate; depositing 3: 

first Fe(00l) layer on the substrate; depositing a tunnel barrier layer on: the 
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first Fe(00l) layer by electron beam evaporation under high vacuum, the 

tunnel barrier layer comprising a single-crystalline MgOx (001) or a 

poly-crystalline MgOx (0 < x < 1) in which the (001) crystal plane 1s 

preferentially oriented; and forming a second Fe(00l) 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(00l) 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 performing an annea.ling process to 

make the surface flat, a third step of depositing a tunnel barrier layer on the 

first -Fe(00 1) • layer by electron beam evaporation, the tunnel barrier layer 

.conipris1ng a single-crystalline MgOx(00l) or a poly-crystalline MgOx (0 < x < 

1) in which the (001) crystal plane is preferentially oriented, and a fourth 
', '; •. 

~tep of forming a second Fe(00l) layer on the tunnel barrier layer. The 

method may further comprise the step of growing a seed layer between the 

first and the second steps, the seed layer comprising a single-crystalline 
. ' . '\' .. 

MgOx(00l) or a poly-crystalline MgOx (0 < x < 1) in which the (001) crystal 

plane is preferentially oriented. The MgO layer may be deposited using a 
. . . . 

target.with th_e value of x in MgOx adjusted. The value of x in MgOx may be 

adjusted ~n. the step of forming the MgO. 

[0919]-·In • yet:. another aspect, the invention provides a magnetoresistive 

device comprising a magnetic tunnel junction structure comprising a tunnel 

bar.riei layer comprising MgO(00l), a first ferromagnetic material layer 
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~omprising 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(00l) 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. l(A) shows the energy band structure 

of a ferromagnetic metal Fe(00l), illustrating the E-EF 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(00l)/MgO(00l)/Fe(00l) structure (to be hereafter 

refe·rr:ed to as a "Fe(00l)/MgO(00l)/Fe(00l) MTJ device") according to an 

embodiment of the invention. 

[0023] Fig. 3(A) shows a RHEED image of a Fe(00l) lower electrode (a first 

electrode), and Fig. 3(B) shows a RHEED image of a MgO(00l) barrier layer. 

[00241- Fig. 4 shows the results of observing the quadrupole mass spectra in 

the deposition chamber during the MgO evaporation. 
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[00~2°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(00l)/MgO(00l)/Fe(00l) 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) 

show.ing: a :perspective view of the MRAM, Fig. 9(B) showing a schematic 

cir_cuit diagram, and Fig. 9(C) showing a cross-sectional view of an example of 

its structure. 

[0030] Fig. 10 shows how the magnetoresistance of a conventional MTJ. 

device using an amorphous Al-O as the tunnel barrier changes depending on 
. '.: ~ ' . ' 

the bias voltage. 

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

the invention, corresponding to Fig. l(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, 

BCG structure, which the crystalline structure of ferromagnetic electrode 

layer, means body-centered cubic lattice structure. More specifically, BCC 

structure includes the BCC structure with no chemical ordering so-called 

A2·type structure, the BCC structure with chemical ordering such as B2·type 

structre and L2ctype structure, and also the aforementioned structures with 

slig~t 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 

photoeinission• 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 

po'tehtial 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 ofa·,MTJ device can be expressed by the following equation: 

[0036] ~R/Rp = (Rap - Rp)/Rp 
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[0037] where Rp and Rap indicate the tunnel junction resistance in the cases 

pf parallel and antiparallel magnetization alignments, respectively, of two 

elec:trodes. According to the _Jullire's formula, the MR ratio at low bias 

voltage can be expressed by: 

[0040] where a = 1, 2 (1) 

[0041] In the above equations, Pa is the spin polarization of an electrode, and 

Da t (E~) and Da -!-(EF) are the density of state (DOS) at the Fermi energy 

(EF) of the majority-spin band and the minority-spin band, respectively. 

Since the spin polarization of ferromagnetic transition metals and alloys is 

ilp.proximately c.0.5 or smaller, the Jullire's formula predicts a highest 

estimated MR ratio of about 70%. 

[0042] Although the MR ratio of approximately 70% has been obtained at 

room temperature when a MTJ device was made using an amorphous Al-O 

tunnel barrier and polycrystalline electrodes, it has been difficult to obtain 

the output voltage of 200 mV, which is comparable to the output voltages of 

DRAMs, thereby preventing the realization of MRAM as mentioned above. · 

[0043] T_he inventors tried an approach to deposit a MTJ device in which the 

tu~nel 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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·cryit-~l (where· the aooms 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. l(B) shows the MTJ device structure according to an embodiment of the 

invention. Fig. l(A) shows the energy band structure of the ferromagnetic 

Fe(00l), that is, the E·EF relationship with respect to the [001] direction of 

the momentum space. As shown in Fig. l(B), the MTJ device structure of the 

present embodiment comprises a first Fe (001) layer 1, a second Fe (001) 

layer 5, and a single·crystalline MgOx (001) layer 3 or a poly-crystalline MgOx 

(0 < x < 1) layer 3 sandwiched therebetween, the polycrystalline layer having 
... 

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

aforementi_oned JuHire's model, assuming that the momentum of the 

conduction electrons is preserved in the tunneling process, the tunneling 

c;~rrent that pa~ses through MgO would be dominated by those electrons with 

wav~ vector kz ii:1 the direction perpendicular to the tunnel barrier (norma~ ~o 

the junction interfaces). In accordance with the energy band diagram shown 

in Fig. l(A) of Fe in the [001] (r· H) direction, the density of state (DOS) at the 

Fermi energy EF does not exhibit a very high spin polarization due to the fact 

that the sub-bands of the majority·spin and the minority-spin .have states at 
; . , r 

the Ferini energy .l~F-However, in case the coherent states of electrons are 

conserved in the tunneling process, only those conduction electrons that have 

totally symmetrical wave functions with respect to the axis perpendicular to 

the barrier would be coupled with the states in the barrier region a:Q.d come to 
' ., ' .. 

have a finite tunneling probability. The 61 band in the Fe(00l) electrode has 
.. ' ~ ' .. , 

su~~ totally symmetric wave functions. As shown in Fig. l(A), the majority 
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spin' Lil band (solid line) has states at the Fermi energy EF, whereas the 

minority spin Lil band (broken line) does not have state at the Fermi energy 

_EF. Because of such half-metallic characteristics of the Fe Li1 band, there is 

the possibility that a very high MR ratio can be obtained in a coherent spin 

polarized tunneling. Since in an epitaxial (single-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] hi 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(00l)/Fe(00l) 

structure according to the embodiment (to be hereafter referred to as a 

"Fe{00l)/MgO(00l)/Fe(00l) MTJ device"). Fe(00l) refers to a ferromagnetic 

material with the BCC structure. First, a single-crystal MgO(00l) substrate 

11 was prepared. In order to improve the morphology of the surface of the 

single·crystal MgO(00l) substrate 11, a MgO(00l) seed layer 15 was grown by 

the molecular beam epitaxy (MBE) method. This was subsequently followed 

by the growth of an epitaxial Fe(00l) lower electrode (first electrode) 17 with 

the thickness of 50 nm on the MgO(00l) seed layer 15 at room temperat}lre, 

~s, shown in Fig. l(B), and then annealing was performed a~ 350°C under 

ultrahigh vacuum (2 x 10-s Pa). Electron-beam evaporation conditions . . . . 

inc~uded a11 a_cceleration voltage of 8 kV, a growth rate of 0.02 nm/sec, and the 

g~·owth temperature ofroom temperature (about 293K). The source material 
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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 10-s Pa, and the 02 

paftial pressure was 1 x 10-6 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(00l) lower electrode (a first 

electrode). The image shows that the Fe(00l) lower electrode (first electrode) 

17 • possesses •a goo·d crystallinity and flatness. Thereafter, a MgO(00l) 

barrier layer 21 with the thickness of 2 nm was epitaxially grown on the 

Fe(00l) 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(00l)'barrier layer 21. The image shows that the MgO(00l) barrier 

layer 2 f also possesses a good crystallinity and flatness. 

[0046] As shown in Fig. 2(D), a Fe(00I) upper electrode (a second electrode) 

23 with the 'thickness of 10 nm was formed on the MgO(00I) 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(00l)- \ipper· electrode 

(second electrode) 23. The Co layer 25 is provided to increase the coercive 

ford~ of the upper electrode 23 so as to realize the antiparallel magnetization 

ali'gnment. 'The thus prepared sample was then processed by 

microfabrication techniques to obtain the Fe(00l)/MgO(00l)/Fe(00l) MTJ 

device. 

13 
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[004 7] The aforementioned MgO evaporation using an electron beam 

involved the formation of a film under ultrahigh vacuum of 10-9 Torr. It can 

be seen that in this method, the film, even when formed on a glass substrate 

to the thickness of 300 nm, was colorless and transparent, showing that a 

good crystal film was formed. Fig. 4 shows the results of observing the 

quadrupole mass spectra in the deposition chamber during the MgO growth. 

The results show that the partial pressures regarding the spectrum Pl of 0 

and the spectrum P2 of 02 are high. Fig. 5 shows the film deposition rate 

dependen~y of the oxygen partial pressure during MgO evaporation. It will 

be s_~en _fro!? _the figure that the oxygen partial pressure itself is high, and 

that the oxygen partial pressure increases as the deposition rate increases. 

These results indicate the separation of oxygen from MgO during the 

deposition of. MgO. Since the separated oxygen is pumped out of the 

depo_sition chamber using vacuum pumps, there is the possibility that t~ere 

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 b~rrier is 

thought to decrease (such as in the range of 0.10 to 0.85 e V; more specifically, 

0.2 to· 0.5 e V), which is thought to result in an increase in the tunneling 

cun~en't. In the case of a typical Al-O tunnel barrier, the height of the tunnel 

barrier with respect to Fe(00l) 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 e V have been obtained. Using the method according to the 
•. ' · .. 

present embodiment of the invention, a tunnel barrier height of 

approximately 0.3 e Vis expected, indicating that the resistance of the tunnel 
.. ', : 

barrier can be lowered. 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 electric conductance characteristics of the MTJ device (the relationship 

between tunnel current density J and bias voltage V) onto the Simmons' 

formula: '(Equation (20) in a non-patent document by J. G. Simmons: J. Appl. 

Phys. 34, pp; :1793·1803 (1963)) based on the WKB approximation, using the 

least squares method. The fitting was performed using the free electron mass 

(m ·= 9.11 x 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· linearity appears in the J • V characteristics, the height $ of the tunnel 

barrier and the effective thickness Dos of the tunnel barrier can be 

simultaneously determined by fitting the J • V characteristics using the 
' . ,, 

Simmons' formula. 

[0049] The effective thickness Dos of the tunnel barrier was determined to be 

smaller than the thickness of the actual MgO(00l) 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 resu:lt ofthe effective 

thickness Dos of the tunnel barrier having been reduced from the actual 

MgO(00 1) layer thickness by the effect of the image potential produced at the 

. ' 
•.,• 
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interface between the MgO(00l) layer and the alloy layer consisting mainly of 

Fe a·nd Co. 

[0050] It is noted that, in the event that tMgO can be accurately determined 

usip.g the cross-sectional transmission electron microscope (TEM) image, the 

height~ of the tunnel barrier can be more simply determined by the following 

technique. Namely, when the bias voltage V applied to the MTJ device is 

small (normally 100 m V or smaller), ~he 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~) 112/L\s](e/h)2 x exp [-(4nl\s/h) x (2m~)112] x V (2) 

[0052] where m is the mass of the free electron (9.11 x 10· 31 kg), e is the 

eleme_ntary 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 L\s is 

approximately tMgO 0.5 nm. By fitting the J·V characteristics of the MTJ 

device in the low· bias voltage region onto Equation (2), the height ~ of the 

tunnel barrier can be simply and yet accurately estimated. 

~00?3] Fig. 6 shows a typical magnetoresistance curve of the 
'" 

Fe(00l)/MgO(00l)/Fe(00l) MTJ device produced by the above-described 

nie'thod.' The MR ratio is 146% at the measurement temperature of 20K and 

88% at ·the m~asurement temperature of 293K. These values represent the 

highest MR ratfos that have so far been obtained at room temperature. Such 

high MR ratios· cannot be explained by the spin polarization of the Fe(00l) 
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electrode and is thought rather to be related to a coherent spin ·polarized 

tunneling. • When 160 prototype MTJ devices were made, the variations 

regarding the MR ratio and tunneling resistance value were not more than 

20%. The yield of the MTJ devices was 90% or more at the laboratory stage. 

These high values suggest the effectiveness of the approach of the invention. 

The resistance-area (RA) product of the MTJ device was on the order of a few 

kQµm 2, 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 

is fairly small. Although the characteristics are asymmetric, the voltage Vhalf 

at which. the MR ratio is reduced in half of the zero·bias value is 1250 mV, 

which is a ·,very high value. In this connection, it is noted that the voltage 

Vhaii 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 Vout of the MTJ device (=bias voltage x (Rap -

Rp)/Rap). The maximum value of the output voltage Vout is _380 mV with a 

positive bias. This value is about twice as large as that (a little less than 200 

m V) in the case of the Al ·O barrier. These high values in terms of both MR 

ratio a~d output voltage suggest the effectiveness of the technique according 

to the pr.esent embodiment. 

[0055] Although in the above-described embodiment Fe(00l) 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(00l) 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(00l)/MgO(00l)/Fe(00l) MTJ device according 

to the present embodiment, MgO(00l) is initially deposited in a 

poly-crystalline or amorphous state by sputtering or the like, and then an 

annealing process is performed such that a poly-crystal in which the (001) 

crystal. plane is· preferentially oriented or a single-crystal is obtained. The 

sputtering·c·onditioris were such that, for example, the temperature was room 

temperature (293K), a 2·inch ~ MgO was used as a target, and sputtering was 

conducted in an Ar atmosphere. The acceleration power was 200 W and the 

growth rate was 0.008 nm/s. Because MgO that is deposited. under these 

conditions is in an amorphous state, a crystallized MgO was obtained by 

increasing the temperature to 300°C from room temperature and 

maintaining that temperature for a certain duration of time. 

[0057] Oxygen vacancy defects may be introduced by a method whereby 

oxygen vacancy defects is produced during growth, a method whereby oxygen 

vacancy defects is introduced subsequently, or a method whereby a state with 

oxygen vacancy defects is subjected to an oxygen plasma process or natural 

oxidation so as to achieve a certain oxygen deficit level. 

[0058] As. described 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 eliminating the need for large·sized equipment . 

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

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

shows the structure of the MTJ device according to the variation, whicq. 

corresponds to Fig. l(B). As shown in Fig. 11, the MTJ device of the variation 

is characterized in that, as in the MTJ device of the above-described 

embodiments, the electrodes disposed on either side of a single-crystal 

MgOx(b0l)" layer 503 or an oxygen-deficit poly-crystal MgOx (0 < x < 1)· in 

which the. (001) crystal plane is preferentially oriented comprises an 

amorphous ferromagnetic alloy, such as CoFeB layers 591 and 505. The 

amorphous ferromagnetic alloy can be formed by evaporation or sputtering, 

for example. The resultant characteristics are substantially identical to 

those of the first embodiment. 

[0060] As· the amorphous magnetic alloy, FeCoB, FeCoBSi, FeCoBP, FeZr, 

and· CoZr may be used, for example. Although an anneal process after the 

prepa:ration of the MTJ device might cause the amorphous magnetic alloy in 

the electrode layers to be partially or entirely crystallized, this would not 

lead to a significant deterioration of the MR ratio. Thus, such a crystallized 

amoi-phous 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 
19 

. I 

WD EX1004 
Western Digital v IP Bridge 

Page 52



example, the height of the tunnel barrier may be adjusted by doping Ca or Sr, 

instead of introducing an oxygen vacancy defects to the Mg0 layer. Further, 

while the MgO layer has been described to be deposited by electron-beam 

evaporation or sputtering, it should be obvious that other deposition methods 

are also possible. The term "high vacuum" refers to values on the order of no 

more than 10·6 .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 orde,r of 

10·4 Pa. 

[0062] In accordance with the invention, a larger magnetoresistarice than 1n 

the·. co:riveritiorial 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: 

preparing 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. 

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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annealing to partially or entirely crystallize the amorphous ferromagnetic 

material layer. 

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

wherein the ferromagnetic material is an Fe-based alloy. 

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

wherein the alloy is CoFeB alloy. 

8. A half product of a magnetoresistive device comprising: 

a first amorphous ferromagnetic material layer; 

a tunnel barrier layer comprising a poly-crystalline magnesium oxide layer 

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

oxide layer has oxygen vacancy defects; and 

a secpnd amorphous ferromagnetic material layer. 

9. A tunnel barrier layer deposited on an amorphous ferromagnetic material layer, 

~herein the tunnel barrier layer comprises a poly-crystalline magnesium 

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

l 0. The tunnel barrier layer deposited on an amorphous ferromagnetic material layer 

according to claim 9, 

wherein the magnesium oxide layer has oxygen vacancy defects. 
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l l. The tunnel barrier layer deposited on an amorphous ferromagnetic material layer 

according to claim 9, 

wherein the ferromagnetic material is a Fe-based alloy. 

12. 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 _magnesium 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. 

13. 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. 

14. A i.nagnetoresistive device having a magnetic tunnel junction structure . 

compr_ising: . . 

a first ferromagnetic material layer of the BCC structure; 

a tunnel barrier layer; and 

a second ferromagnetic material layer of the BCC structure; 

wherein the tunnel barrier layer comprises a poly-crystalline magnesium 

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

15. 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 ori~nted. 

16. A magnetic multilayer film comprising : 

a first 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; 

a second ferromagnetic material layer; and 

the first and second ferromagnetic material layers comprising Fe or a 

Fe-based alloy of the BCC structure and comprising 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(00l)/MgO(00l)/Fe(00l) MTJ device, which is formed by microfabrication 

of a sample prepared by the following steps. A single-crystalline MgO (001) 

substrate 11 is prepared. An epitaxial Fe(00l) lower electrode (a first 

electrode) 17 with the thickness of 50 nm is grown on a MgO(00l) seed layer 

15 at room temperature, followed by annealing under ultrahigh vacuum (2 x 

10-s Pa) and at 350°C. A MgO(00l) barrier layer 21 with the thickness of 2 nm 

is epitaxially formed on the Fe(00l) lower electrode (the first electrode) at 

room telllperature, using a MgO electron-beam evaporation. A Fe(00l) upper 

electrode (a second electrode) with the thickness of 10 nm is then formed on 

the_ MgO(00l) barrier layer 21 at room temperature. This is successively 

!ollowe_d by the deposition of a Co layer 21 with the thickness of 10 nm on the 

~,e(00l) upper electrode (the second electrode) 23. The Co layer 21 is 

provided so as to increase the coercive force of the upper electrode 23 in order 
' ' ' . 

t~ realize an anti:rrnrallel magnetization alignment. 

• I '• '• 
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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 

■ is attached hereto. 
D was filed on _____________________ as 

Application Serial No. 

and amended on __________________ _ 

■ was filed as PCT international application 

Number PCT/JP2005/004720 

on March 1 0 2005 

and was amended under PCT Article 19 

on __________________ (if applicable). 
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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 application filed by me or my legal representatives or assigns more 
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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 3 5 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 
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2004-071186 Janan March 12, 2004 ■ Yes □ No 

2004-313350 Ja12an October 28, 2004 ■ Yes □ No 

□ Yes □ No 

□ Yes □ No 

I hereby claim the benefit under Section 119( e) of Title 3 5 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 
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The above-referenced application is a Continuation of U.S. Application 10/591,947 filed 
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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-HAL T (1-866-999-4158). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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). 

page 3 of 3 

WD EX1004 
Western Digital v IP Bridge 

Page 76



B 00 Jr 
JAPAN PA TENT OFFICE 

zu f$; i~ 11 (1) :e= ~ (: ic ~ 6 n -c ", 6 * ri: ct T ic (1) m wi :e= 1.& ~= ic ~ 6 n -c 
1,, 6 -$-r]: c [P] - -c-~ 6 .::. c ~ iiE 1=Yi T 6 o 

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

/:B Jni 'tf- J3 B 
Date of Application: 

tB )JJ{ ~ ~ 
Application Number: 

/'{ ') ~fjf:: J: ~fl-00""-0)l±\)ffl 
t::ffl 1,, ~ if:7tf¾ 0) _3:'.~0)£Tiit 
/:: fa':~1±\fflO)J'lil:::i-F/::1±\Jni 
ii}~ 
The country code and number 
of your priority application, 
to be used for filing abroad 
under the Paris Convention, is 

tB jJ{ A 
Applicant(s): 

2004.if. 3}§128 

ff IUt 2 o o 4 - o 7 1 1 8 6 

JP2004-071186 

a:a v 1r JF&$Af'-t~xt.lfr~JJU~\11 

a:a v 1r JF&$Agg*txlillr~~liff~ 

2 o 1 o if. 1 1 J§ 4 B :i!:l:!~-~i::;:11;:1 

!t~ it JT ~ ~ ~~tl~;lf Commissioner, 
Japan Patent Office 

WD EX1004 
Western Digital v IP Bridge 

Page 77



(~,m::g] 
(~IIffi~] 
(tftfj B] 
(~ -c :5'c] 
( ~ ~f~ffn,m:J 
(¥£BJ=JW] 

( 11PJr )OJ:!& Pfr] 

(~:g] 
( t~i-'f lli JUtA] 

rnirnum~J 
(~:g)(JJ::g~] 

( t~i-'f lli JUtA] 
rnirnum~J 
(~:g)(JJ::g~] 

(ftIIA] 
rnirnum~J 
(#II±] 
(~:g)(JJ::g~] 

(~tr L, tc ft II)\] 
rntJJUffi~] 
(#II±] 
(~:gxJJ::g~] 

(~tr L, tcftIIA] 
rntJJUffi~] 
(#II±] 
(~:gx_fj::g~] 

(~tr L, tcftIIA] 
rntJJUffi~] 
(#II±] 
(~:gx_fj::g~] 

(f~jJ-0)~~] 
( -=.F~:f-t O)*~] 

(-=f*Pf ii r!JRffi~] 
(ffltt~~] 

( m lli !lo// 14 0) § ~J 
( !lo// 14 :g ] 
( !lo// 14 :g] 
( !lo// 14 :g] 
( !lo// 14 :g ] 

t~i-'fJUi 
P04-0204 
3.f)vtl 6~ 3,F.I 12 B 
t~i-'fffffi=g OOt 
H0lL 43/00 

~:t/ix~--=> < ttrtr!ft 1 - 1 - 1 1!R v fr 1&$J\J£*txir~~liff~r1r 
--::> < tf t ✓ ?/ - pg 

~~ ~ro 

503360115 
1!±! v fr :i&$J\fl-~xir~•~;tt 

301021533 
1!±! v fr :i&$J\J£*txir~~liff~rff 

100091096 

100105463 

!ffi'.fr - ~ 

100102576 

100108394 

~tt ~~ 
50/100 

015244 
10, 500P3 

t~itil::sJ<O)iHlffl 1 
BJ=l*Hl~ 1 
CKIOO 1 
~~~ 1 

WD EX1004 
Western Digital v IP Bridge 

Page 78



(~,m::gJ t~itiw<KOJit!l!tl 
rnw<KJJr 1 J 

f--✓ _::f}v~itfi ~, it f--✓ _::f}v~itfiOJm- 1 tffiJIJtcIDJvt~ tit:::. BC C:f'fJQ~if9 Gm- 1 
OJ5§iffii'li.f:ffi ~, Jmic f--✓ -t-Jv~itfiOJm- 2 [ffiJIJtcIDJvt~ tit:::. BC C;flm~if9 Gm-2 OJ 
iJiil•li.ftfi ~, ~if--r Q~ f--✓ -t-Jvffl'Ei'lim'""f ~ '? -c, 

Jmic t--✓ -t-Jv~!tfitJt, •~HM go x c 1 o o) ~ Q P,-t c 1 o o) ~HtffitJt~Wc 
ftiJ L, t:::.:$taHM go x c x < 1 ) ra ,c J: ~ IDJvt~ ti-c lt\Q ~ ~ ~t~~ ~ --r Giixt~t1i:*r 

rnw<KJJr 2 J 
M g O ( 1 0 0 ) 7J'>-G /J:. G f--✓ -t-Jv ~itfi ~ , it f--✓ -t-Jv ~itfi OJ m- l 00 JU ,c IDJvt ~ ti 

t:::. Fe ( 1 O O) n"' G /J:. Gm- 1 OJ5iffii'li.ftfi ~, Jmic f--✓ -t-Jv~itfiOJm- 2 tffifflIJtcIDJvt~ 
tit:::. F e ( 1 o o) n"' G /J:. Gm-2 OJiJiffii'li.f:ffi ~, ~if9 G@ixt f--✓ -t-Jvffl'Ei'lim'""f ~ '? 

-c' 
1micM go fin\ •*a HM go x c 1 o o) ~ Q Pf-t c 1 o o) *aHtffint~WcftiJ L, t:::. 

:$~HMg Ox (x< 1) fitcJ: ~IDJvt~ti-CPG ~ ~ ~t~~~9G@ixt~t1i:*To 
rnw<KJJr 3 J 
MgO (100) 7J"'b1J:.G 1-- ✓ -t-Jv~itfi~, ~tt-- ✓ -t-Jv~itfiOJm-1 tffiJIJtcIDJvt~ti 

t:::. Fe¼ td'iB C C;flm~if9 G Fe *'Ei'½OJi:}i~H ( 1 0 0) fi¼ td'i ( 1 0 0) ~H 
tffitJt~WcftiJ L, t:::.:$~Hfin"' G /J:. Q m-1 OJiJiil'li.ftfi ~, Jmic t--✓ -t-Jv~itfiOJm- 2 tffil!J 
tcIDJvt~ tit:::. Fe¼ td'iB C C;flm~if9 G Fe *'Ei'½OJ1Ji*aH ( 1 0 0) fi¼ td'i ( 1 
0 0) ~HtffitJt~ijc[ti] L, t:::.:$*aHfi-/J'>-G /J:. Gm-2 OJ5iffii'li.f:ffi ~, ~if9 G@ixt f--✓ * 
Jvffl'Ei'lim'""f ~ '? -c, 

JmicM g O ( 1 0 0) fiOJ,fu~*Ti'trto ~ JmicF e ( 1 0 0) fiOJ 7 .;:r.Jv ~ *,t'.[OJffflOJ~ 
:ilt~1l ( f--✓ -t-Jv~itOJim~) ~1JitaHtc:8~tG1-lIUt!UfJ/J:.1lJ: ~ t>i&< L,f:::.~ ~ ~f~~~ 

--r Q iim~t1i:*r o 
rnw<KJJr 4 J 
Jmic~:ilt~lf'i, 0. 2 ,__, 0. 5 e V OJic!l!tlP3'""f~G ~ ~ ~f~~~ 9 G iw<KJJl 3 tci~ 

O)-C-;£,,1=+11..-f:-'--*2. 
11,Mx\-r;!:..\1 Jl* J 0 

rnw<KJJr s J 
Jmic~:ilt~lf'i, o. 1 o ,__, o. 8 5 e V OJic!l!tl pg '""f ~ G ~ ~ ~f~~ ~ 9 G iw<KJJl 3 tc 

~;::t ±I'. 0) J:-;f,,I= +11..-1:---'--*2. 
oLJW<. 1l.Mx\'L!:..\1Jl* J o 

rnw<KJJr 6 J 
1 -::> OJ f--7 ✓ -:,J ::;t,. !7 ~ , it f--7 ✓ -:,J ::;t,. !7 OJ~ i6'f ~ L, -C ffl P G ti G iw<KJJl 1 7J'>-G 5 ¼ '""f OJ 

1t -,.--rtin"' 1 JJ[tcic~OJ@im~t1i:*r ~ 
~if--r Q ictf-*r o 
rnw<KJJr 7 J 
£ffi~ *flm9 G If¥~, 
it£:fJx_Ucm- 1 OJ Fe¼ td'i BC C;flm~if9 G Fe *'Ei'½OJi:}i~H ( 1 0 0) fi ¼ t:::. 

fj: ( 1 0 0) *aHOOtJt~ijc[ti]L,f:::.:$~Hfi~:tifil9Gif¥~, 
Jmicm-1 OJ Fe¼ td'iB C C;flm~if9 G Fe *'Ei'½OJ ( 1 0 0) fi_Uc~rl::'.'-J.>.?ti 

:g$tc J: ~, •*a HM g Ox ( 1 0 0) ~ G It \fj: ( 1 0 0) ~HtffitJt~ijc[ti] L, t:::.:$*aH 
Mg ox C x < 1) n"' G /J:. Q f--✓ -t-Jv~itfi ~ rmffi!g;gTtc:8P-C:tiHt--r Gif¥ ~, 

~t f--✓ -t-Jv~!!tfiJ:Jcm-2 OJ Fe¼ td'iB C C;flm~if9 G Fe *'Ei'½OJi:}i*aH ( 1 0 
O) fi¼td'i (1 o O) ~HOOtJt~WcftiJL,f:::.:$~Hfi~IDJvt'9Gif¥~ 
~if9 G ~ ~ ~f~~ ~ 9 G@im~t1i:*rOJffiYmJJ$o 
rnw<KJJr s J 
•~HM g ox c 1 o o) ~ Q Pf-t c 1 o o) ~Htffint~WcftiJ L, t:::.:$~HM go x c 

x < 1 ) 7J'>-G /J:. G £:fix~ *flm9 Gm- 1 If¥~, 
~t£ffiJ::Jcm-1 OJ Fe¼ td'iB C C;flm~if9 G Fe *'Ei'½OJi:}i~H ( 1 0 0) fi¼ t:::. 

fj: ( 1 0 0) *aHOOtJt~ijc[ti]L,f:::.:$~Hfi~:tifilL,, ~It\'"<:, *aH1t.OJf:::.libOJY.::::.-Jv 

WD EX1004 
Western Digital v IP Bridge 

Page 79



~ fr 7 m-2 If¥~, 
imicm-1 ®Fe ¼td'iB CClim~WTG F e~dr½® ( 1 O 0) fiJ::Jc~--¥l::"-J.,.?ti 

~$,c J: t'.) !Ji¥ffHM g Ox ( 1 0 0) ~ G Pf'i ( 1 0 0) ¥ffH1ffiiJt~ffic[ti] L, tc:$*6HM 
g o x c x < 1 ) n,. $ t:J:. Q r- :;,.,-* Jv ~!tfi ~ rm~g;i:rf ,c .:i3 P --c :ttU:lT Q m-3 If¥~ , 

~tr-:;,.,-;r-;v~!tfiJ:Jcm-2 ®Fe¼ td'iB C Clim~WT G Fe *~½®!Ji¥ffH ( 1 O 
0) fi¼td'i (1 o 0) *6HtffiiJt~fficftiJL,fc:$*6Hfi~IDJvtTGm-4If¥~ 
~WT Gs:: ~ ~t~~ ~ T G u.nm~t1[*--¥®ffiYm:n$o 
rnw:s1<1Jr 9 ] 
imicm-1If¥~m-2If¥~®m:l'c, !Ji¥ffHMgOx (1 o 0) ~Qv,.,-t (1 o 0) ¥ffH 

[ffiiJt~ffic[ti] L,fc$*6HM g Ox (x < 1) 7J'>. $-/J:.Q $/- Ffi~Jvt~T Gif¥~WT G 2: 
~ ~t~~~ T Giw:sJ<JJl 7 )U'i 8 tci~®11i&C~t1[*--¥®ffiYm:n$0 
rnw:s1<1Jr 1 o ] 
imic!Ji¥ffHM go x c 1 o o) ~ Q P,-t c 1 o o) ¥ffH1ffint~fficfti:I L, tc:$¥ffHM go 

x C x < 1 ) iJ,. $ t:J:. Q r- :;,.,-;r-Jv~!tfi ~ IDJvtT Q If¥$ ,c, M g o x ® x 1l ~ ~~T QI 
f¥~~<hs:: ~ ~f~~~ T Giw:sJ<JJl 7 )U'i 8 ,cic~®@!m~t1[*-=f®~:n$o 

rnw:s1<1Jr 1 1 ] 
£ffi ~ $fimT G If¥~, 
~t£ffiJ::.tcm-1 ®Fe¼ td'iB C Clim~WT G Fe *~½®-$*6H ( 1 0 0) fi¼ tc 

,-t C 1 o o) *6HtffiiJt~fficftiJL,fc$*6Hfi~:ttU:lTGif¥~, 
imicm-1 ®Fe¼ tcf'iB C Clim~WT G Fe*~½® ( 1 0 0) fjJ::.,c;7,./\ ''/ !? 9 ✓ 

;f$,c J: tJ 7-=t-Jv7 y 7-.M g Ofi~IDJvtL,, 7 ::::.-Jvtc J: tJ ~t7-=t-Jv7 y 7-.M g Ofi~¥ff 
H1tL,--C!Ji*6HMgOx (100) ~GPf'i (100) *6HtffiiJt~ffic[ti]L,fc$*6HMg 
o x C x < 1 ) iJ,. $ t:J:. Q r- :;,.,-;r-Jv ~!tfi ~ IDJvtT Q If¥ ~ , 

~tr-:;,.,-;r-Jv~!tfil:.tcm- 2 ®Fe¼ td'iB C Cfim~WT G Fe *~½®!Ji¥ffH ( 1 0 
o) fi ¼ td'i ( 1 o o) ¥ffH1ffiiJt~fficftiJ L, tc$*6Hfi ~IDJvtT Gif¥ ~ 
~WT G s:: ~ ~t~~ ~ T G Elim~t1[*--¥®ffiYm:n$o 
rnw:s1<1Jr 1 2 ] 
imicr-=t-Jv7 7 7-.M go fi ~, Mg ox® x fl ~~~~<ij-®?? -if"/ r-~ fflt- ,.--c±tU:lT 

Gs::~ ~t~~~TGiw:sJ<JJl 1 1 ,cic~®~~t1[*--¥®ffiYm:n$o 
rnw:s1<1Jr 1 3 ] 
imic7-=t-Jv7 7 7-.M g O ~IDJvtT Gif¥$tc, Mg Ox® x fl~~~T GIU~~D-2: 

~ ~t~~~ T Giw:sJ<JJl 1 1 tci~®tt.nm~t1[*--¥0)fflYm:n$o 

WD EX1004 
Western Digital v IP Bridge 

Page 80



(~,m: :g] BJUffi~ 
(~BJ:j O):g ~] tlll~~tlt*-=f J!;z ~ -i" O)fJmmJJ$ 
(ttir:nJrJ 

(0001] 
2's:~BJ:Jtt, ~~fJt*-=f J!;z~-z-O)!Jmm1J$tcOO L-, 4~rc, rmlt\~~fJt~=if--t 6tlll~~ 

f]t*-=f J!;z ~ -i" O)fJmmJJ$tc oo--r 6 O 

(~~txirJ 
(0002] 

MRAM (Magnet Ore S i St i Ve Ra Il d O ffi AC Ce S S Me mo r y) f'i, Il:f±J.t < ffl lt 'd:) ;;}1, "'( P 6 icti* 
-=f'"f~6 D RAMtcn;;b6j(:@J;.[ti]ltgc'l:i*-=f'"f~ &J, li"-::J, rmila~f'f~'~~ t 9 ~ L-
--C J.t < liff~lffl~iJt:f-y;b;;h --C ;!3 &) , -f§tl ;~:Jj\ 4M bit O)MRAMiJt-1}-Y :1 Jv tl:\i5Y~ ;;htc ~ lt \ 7 *~ 
iJt~60 

(0003] 
rKI 8 f'i, MRAMO),t\ixif~'"f ~ 6 TMR*-=f"O);f'/§m~, ,z-O)J1J1t~II ~~--trKl'"f ~ 60 

LKl8 (A) ,c~9J:7tC, TMR*-=ftc;!3P--Cf'i, ~1L4o/liJ\t?>a6t--Y-t-Jv~!fO)lffiJftl~ 
1litlll'~~~7J\ t> a 6 :m-1 &~:m- 2 0) 2 -::JO)mt:i,c J: &J ~lvtt r- Y -t-JVf'lm~=if L, --C lt\60 
t--Y-t-Jv~!ffi~ L---Cf'i, 7tJV7y7-.0)A 1 -OJiiJtfflPt?>;;h--CP6 (jM~ffX~l $ 

~ij) o rKI 8 (A) ,c~--t J: 7 tc, :m-1 O)'Ji11:ti'~mt:i~:m-2 O)'J~tlll'~mt:i~ O)tlll1LO)ftiJ~iJt 
+1ra+1rtlll1LO)~iHc r-t, t--✓ -t-JvtffimO)~ffi'Hc;!3 ~t 6 $ffl1JftiJ ,c oo--r 6*-=f-0)~~ 
f]tiJt/j,~ < a6o ~jj, rKI 8 (B) ,c~9 J: 7 tc, :m-1 0)'1~tlll'~mt:i~:m-2 O)'Jitlll'~mt:i 
~ O)tlll1LO)[ti] ~ iJt+:fraJx+:frtlll1LO)~'Ei'tC f'i, r- Y -t-JvtffimO)~ffi]tc;!3 lt 6 $*l1JftiJ tc 
00--t 6*-=fO)~~fJtiJtj(~ < a6o -=: O)~fJt1u'H'i, ~JN:Eflaik:tt,'"ff'i~1t1t--r\ ~fJt1l 
iJtrW:t PiJ\11\;PiJ\fc£-::5P --c 'M=ffi " 1 ,, ' "0" ~ L, "'(gc't"i ~ ;;h,6 0 f-1Ttlll1L~ fxf-1Ttlll1L 
~ f'i~ti~fc gc'l:i ~ ;;h 6 k l1>, ~ti~'~~ t 9 0)£2js:*-=f ~ L---C ffl rt\ 6 -=: ~ iJt'"f ~ 6 o 

(0004] 
rKI 9 f'i, MRAM0)£2js:tffim'f§IJ~~9LKl'"f~ &J, rKI 9 (A) f'iMRAMO)f4flrKl'"f~ &J 

' rKI 9 ( B) f'iifi:i:\EFl a §Mt'lwtrKI '"f ~ &J ' rKI 9 ( C) f'i, t'lm'f§IJ ~~91l1fffirKI '"f ~ 6 0 
LKl9 (A) fC~9 J: 7 tc, MRAM,c;!3P--Cf'i17- FfflWL ~ l:::o/ r-fflB L ~iJt5t~96 
J: 7 tcMc.Uil ~ ;;h, 5t~if~tcM R AMtJviJtijcim'. ~ ;;h --C P6o rKI 9 ( B) tc~--t J: 7 tc, 17 
- Fffl~ 1::: '>' r-ffl~ O)jt~tf~tcMcim'.~ ;;htcMRAMtJH'i, TMR*-=f ~, 2: O)TMR* 
-=f ~ l!101J :ffl~ ~ ;;h tc MO S F E T ~ ~ =if L, --C ;!3 &J , fi! i5Y~f]t ~ L, --C ~Fi!§--t 6 TM R *-=f 0) 
~fJt1ui~MO SF ET tc J: &J g%<ij.n6 2: ~ tc J: &J, gc'l:i'M=ffi~g%<ij.tl:\9 2: ~ iJt'"f ~ 60 roj 
, 'M=ffiO)~ ~~;t i-t, 'f§IJ;t tf, TMR*-=f".A..O)tJll~O) EP1Jmc J: &J :fr 7 -:: ~ t,it'"f ~ 60 rKI 9 

( C) rc~9 J: 7 ,c, MR AM~ t 9 t Jvf'i, p !fY S i £ffi 1 0 1 pg ,c%$; ~ ;;hk Y - 7-. 
ffl:t:i 1 0 5 ~ F v ,{ Yffl:t:i 1 0 3 ~, ,z-O)fi,, ,cum5E~ ;;h,6 +-Y -t-Jvffl:t:itcxt L, --C%$;~ ;;h 
tc I/ - r-mffi 1 1 1 ~ ~ =if9 6 MO S F E T 1 0 0 ~ , TM R *-=f 1 1 7 ~ ~ =if L, --C P 6 
o Y - 7-. ffl:t:i 1 0 5 f 'i;ffl:I:! ( G N D) ~ ;;h, r-v ,{ Y f 'i, TM R *-=f ~ ft L, --C 1::: o/ r-*l B 
L tc;ffl~~ ;;h --CP6o 17- F*lW L ~'if/- t--mffi 1 1 1 ,ext L, --C LKI~ L, alt v~11uitc;!3P --C 
:ffl~~ ;;}1, "'( lt \6 0 

(0005] 
J,JJ:Jc~BJ:j L, tc J: 7 tc, ~t'f~,~~ t 9 MR AM,-t, 1 -::JO)MQ SF ET 1 0 0 ~ TM 

R*-=f 1 1 7 ~ tc J: &J 1 -::J 0) ~ t 9 t Jv ~%$;--t 6-=: ~ t,it'"f ~ 6 tc l1>, rm~ff1ttc@L- tc 
~ t 9 *-=f ~ p 7 2: ~ i,)t'"f ~ 6 0 

(0006] 
(jF4~it=t!AA1] D. Wang, et al. :Science 294 (2001) 1488. 

(~BJ:j 0) fm~] 
(~BJ:j iJtjW~ L, J: 7 ~ 9 6 gf~] 

(0007] 
fJVl?\0)13zir~fflP6 2: ~ ,c J: &J 6 4 Mb i t f~&O)MR AM~*fl9 6Jlim L,f'iv-::J --C 

lt \6 t,i\ -f-;;}1,J,jJ:.O)rW:t~ff1LO)fc l1> tcf'i, MR AMO),t\ixif~'"f ~ 6 TM R*-=f-0)4~•~ ~ [ti] 

WD EX1004 
Western Digital v IP Bridge 

Page 81



J:. ~ it o&.,~tJt~ 00 f~te, :@*rO) /:t1Jmff ~ ftiJJ:. ~ it o tett, ~~fJt0):1117( ~ mJ± 
ti'~ 0) ~~O) lffif ::iJtJt&.,~"<: ~ o O rKI 1 o rt, 7 t Jv 7 Y ::7-. A 1 - o ~ t- :.,, * Jv ~!if~ L, t:::. 
vi:*!filTMR*rO)~m~fJtO)ETT:fJomJ±teJ:0~1't~~9[Xl"<:~0 (L 1) o rKI 1 0 te~ 
--t J: 7 re, vi:*!filTMR*rte;BP-Ctt, ~m~fJttJt;J\~ <, t~!Hemff~ETT:!Jo--to ~~re 
J: tJ~m~fJttJt~M{te1J\~ < ~oftJl[ti]iJt,7;.btioo ~O)J: ') ~ti'~"<:tt, m:/J1t'7-1/ ✓~ 
:WJii L, t:::. /t1Jm)±tJt1J\ ~ 9 ~-o t:::. lt>, *j§O)§c't,i*rteffl v \o O)tJtJfi L, v \o J: tJ J:!f:fet) te 
t"i, fitk:O)TMR*rO)~m~fJtti~70% ~~ <, ¼ t:::.tt1Jml±'t 200 m V J,,JT ~~v\t:::. 
lt>, DR AMO)/:t1Jm)±tel:t~-C*ffet] re¥?}"<:~ tJ, ~fl&~ J:.~j o tevi:v vfg~tJt ,J -1 
-7.:'tet.i 't ti-ci%c7J./:tit~ < ~ -::J -c L, ¼ 'J ~ p 'J rt1,~tJt~ -::J t:::.o 

(0008) 
2js:~BJH"i, TMR*rte:Btt o /:t1Jm£E~7(~ < 9 o ~~~El St] ~9 00 ~ 6 te, 7(~ 

~~m~fJtte J: tJ, ~5Etem:/J1t--t o ictf.~t!I ~f~ttt--t o ~ ~ ~ El etJ ~--too 
rnt~~M~--t o f:::.lt>O)-=p~J 

(0009) 
2js:~BJ:IO)~it,~te J:tir-!, I--:.,, ;t-Jv~!!Ji ~, it I--:.,, ;f-Jv~!ffiO)m 1 001JlUteMmt~ ti 

t:::. B C C tlm ~if--t om 1 0) 5i~•~f:ffi ~, Jmic I--:.,, ;t-Jv~!!Ji O)m 2 001JlU te Mmt ~tit:::. 
B c cttm~if--t om 2 0)5i~'~fffi ~, ~if--t olii!m t-✓ ;r-;vfflii'ttm"<:~ -::J -c, imic 
t-✓ ;r-;v~!ffitJ\ -$it.a HM go x c 1 o o) ~ o Pf-t c 1 o o) it-aHtffitJt1~McftiJ L, t:::. 
~*5 HM g Ox ( x < 1 ) Ji te J: tJ Mmt ~ ti -C v \ o ~ ~ ~ti~~ 9 o ~m~fJt*rtJtf~ttt 
~tioo 

(0010) 
¼ t:::., Mg O ( 1 0 0) tJ,. 6 ~ o I--:.,, ;t-Jv~!!Ji ~, it I--:.,, ;t-Jv~!!Ji O)m 1 00-fJlUteM 

,ox~ tit:::. Fe ( 1 0 0) tJ,. 6 ~om 1 0)5i~'~ffJi ~, Jmic r-:.,, ;t-Jv~!fJiO)m 2 00-fJlUte 
Mmt~ tit:::. F e ( 1 o o) tJ,. 6 ~om 2 0)5i~'~fffi ~, ~if--t 0~ I--:.,, ;t-;vfflii'tlm 
'<:~-::J-C, imicMgOJitJt, -$it-aHMg0x (100) ~oPfj: (100) it-aHtffitJt~ 
ffc[ti] L, t:::.~*5HMg Ox (x< 1) lite J: tJ Mmt~ti-Cv\o ~~~ti~~ 9 o~m~fJt* 
rtJtf~ttt ~ ti o o JmicM g O ( 1 0 0 ) Ji O)fu~~Ttrm ~ Jmic F e ( 1 0 0 ) Ji 0) 7 ;;r. Jv 
~ :c.;t-;v~-O)lffl0):::r::Wt~1l CI--:.,,;t-;v~!fi'Ej~) ~-$it-aHte:BttoflJ: tJ 't11¾< L,t:::.~ 
~ ~ti~~9oo J:.ictlmt~fflPo ~, ~~fJttJtt~7(L,TMR*rO)/:t1Jmff~*~ < 
9 o ~ ~ iJt"<: ~ f:::.o 1 -::>O) r-7 ✓ 1/ ::7-. !7 O)~ toJ ~ L, -C J:.§c~m~fJt*T~ fflt, \0 ~, :::r::ti 
~'~O)ictf.*r~Mmt--t o ~ ~ tJt"<: ~ t:::.o 

( 0 0 1 1 J 
2js:~BJ:IO)ffil,O)il,~te J:titf, £tJx~ifHJm--t 0If¥ ~, it£tJxJ:.rem 1 0) Fe ( 1 0 0) 

Ji ~:LiUl--t o If¥~, Jmicm 1 0) F e ( 1 0 0) Ji J:.temr e'- .A~ir$te J: tJ -$it.a HM 
gOx (10 0) ~ov\t"i (1 00) *5HtffitJt~ffcftiJL,t:::.~if.aHMg0x (x<l) tJ,. 
6 ~ o I--:.,, ;f Jv~!!Ji ~ i'Ejl[g;gTre BP -CiiUl--t 0If¥ ~, it I--:.,, ;f-Jv~!!Ji J:.re m 2 0) 
Fe ( 1 0 0) Ji~Mmt--t 0If¥~ ~if--t o ~~~ti~~ 9 o~m~fJt*rO),mmJ'J$tJt 
f~ttt~tioo 

(0 0 1 2) 
¼ t:::., -$*5HM go x c 1 o o) ~ o i- \f-t c 1 o o) *5HtffitJt~ffcftiJ L, t:::.~*5HM g 

0 x ( x < 1 ) 7J'.> 6 ~ o£ffi~1JHJm--t om 1 If¥~, it£ffiJ:.rem 1 0) F e ( 1 0 0) Ji 
~:f:lfj!tL,, /XP"<:, *5H1tO)f:::.l1)0)'7.::::.-Jv~fT'Jm2If¥~, imicm1 O)Fe (100 
) JiJ:.tem-=r-e---A~ir$te J: tJ -$*5HM g Ox ( 1 0 0) ~ o Pfj: ( 1 0 0) *5HtffitJt 
~ffc[ti] L, t:::.~aHM g Ox (x< 1) 7J>. 6 ~Qr-:.,, ;f-Jv~!ffi~i'Ejl[g;gTre:BP-C:tlfl 
9 om 3 If¥~, it r- :.,, ;t-Jv~!!Ji J:.te m 2 0) F e ( 1 0 0 ) Ji ~Mmt--t om 4 If¥~ ~ 
if--t o ~ ~ ~ti~~ --r o ~m~tJt*-=r-O),mm::J'J$ntt~ttt ~ ti o O riiJ, imicm 1 If¥~ m 2 
If¥~ O)lfflte, -$*5HM g Ox ( 1 0 0) ~Q Pfj: ( 1 0 0) it-aHtffitJt~ffc[ti] L, f:::.~it-6 
HM g Ox ( x < 1 ) 7J>o 6 ~ o 1/- Fri~ M~9 0If¥ ~if L, -C P-C 't ~Po ¼ t:::., imic 
7 tJv7 Y ::7-.M go Ji~, Mg ox 0) x fl ~fft'il~~c7J.O) !7 -if''/ I--~ ffl i- \-C:tlfl L, -c 't ~ 
V \0 ~ 0) 1§, imic 7 t Jv 7 y AM g O ~Mmt--t Q If¥ q:t te, M g O X 0) X fl~ fft'il~ L, -c 't 
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~lt\ 0 

(~BJ=j O)~:/J:~] 
(0013] 

::zjs:~emc J: :hfJ:, YE*O) TM R*rtctt«--C:=k ~ /J:ltil~:tfrf1i:~1~0 S:: ~ i,)t'""f ~, TM R 
*rO)tl::::1T~fE~:=k~ < 9 0 S:: ~ i,)t'""f ~ 00 VI:'? --C, TMR*r~ ffl1t\fc.MR AMO)ra'J~ 
ttt1t.nt:g~ tc tJ: 0 ~ 1t \ 7 f!J,,~nt~ 0 0 

(~BJ=j ~*tit[9 0 k. fl> O)~~O)ID@] 
(0014] 

::zjs:BJ=J*Hl~tc ;J3P --c ffl P tc. -~ H tc :l3 ,t 0 fil;t'ItEfJ tJ:1lJ ~ 0) ffl~{Hi, *~*l*mrfl-76 
O)*itn~t?>:tfJ{UL,k.1l'""f~o ($~>Cltix: W. Wulfhekel, et al.: Appl. Phys, Lett. 78 

(2001) so9.) 0 s::O)J: 'J tJ:~@'""fri, ~:X:t'Jt~~r:X~113ntr~~1v~•mp1t~EfltJ:1Ji*a 
HM go 0) 1---:.,, -t-Jv~!fO) J:JIHl ~ § 7 s:: ~ nt'""f ~ 0 f:::. fl>, Il~Efl/J:1l ~ P 7 ffl~-a~ fflP 

(0015] 
~BJ=jO)*tit[O)ID@tc-=> 1t \--C~BJ=J9 0 Rtnc, ~BJ=j~O)fr'? t.= ~~tc-=>P--C~BJ=J ~fr 7 0 M 

T J 0)11fl~:fttf1i: (MR) tttt, J;J T 0)5.:\'""f* ~ ti 0 o 

~R/Rp= (Rap-Rp)/Rp 
S:: S:: '""f, R p &~Ra p fi, 2-=> O)m"f.iO)ltil1t.ntffr ~ [Rffr0)~-3'0) 1---:.,, -t-Jvff-3':tfr 

f1i:'""f ~ 0 0 J u 1 1 i r e 0)05.:\tC J: tiiJ:, ~/"C{ 7 A mEEtc ;J3 ~t 0 M Rttii, J,j T 0) J: 
'J t-=*~ :h00 
MR1t= (Rap-Rp) /Rp=2P1P2/ (l-P1Pz) '"<:~~ 
S::S::'""f, Pa= (Dai (Ep) -Da t (Ep)) /(Dai (Ep) +Da t (Ep 
) , a=l. 2 (1) ~*~:h00 

(0016] 
S:: S:: '""f, P a ti, mr0)-7- E :.,,f)-ffi$'""f ~ ~, D a i ( E F) ~ D a t ( E F) ~ ii, 

-t-:h~;h, ~A E:.,, /'\:.,, F ~ '.;1/'~,A E:.,, /'\:.,, F 0) 7 .:r.]v ~ :r.-t,.Jv::¥- ( E F) tc;J3 ~t 0 
~tk:@*& (Dens it y of state : DOS) '"<:~00 5~ltil•l±~~~&~-3' 
40)-7- E :.,,0)-0ifflffifi O. 5 J.,JT'""f ~ 0 t.:: fl>, J u 1 1 i r e 0)05.:\tC J::hfJ:, ~ B ra'JP:f't 
Yi:MRtt~ L, --c 7 o %nt-=fif'!U ~ ti00 

(0 0 1 7] 
MT J*r~Y-=tJv7 7 -7-0)A 1 -00) 1---:.,,-t,.Jv~!f~~~Hm;t.i~ ~ffl1t\--C{'f,ox90 

~, .¥:ii@. '""f 0) MR 1t ~ L, --C ~ 7 O % ~ P 71lntt~ 6 ti --C P 0 i,J\ D RA Mi[ 0) ti::: :1JmEE'""f 
~0 2 0 0 m V ~~0 O)fim L, <, J:.JZttO)J: 7 tcMR AM*f!O)J-;j"9 0 ro,~,~~ 7J: '? --CP 
0o 

(0 0 1 8] 
~eJ=J~ii, mt1t'?'.7''-t-1/9A0)1Ji~H c1 o o) ~0Pfi c1 o o) ~Htffint~ijcftil 

L,k.~~HMgO~ t---:.,,-t,.Jv~!f~ l,--CfflPt.::MT J ~,ox~90Y:lo-+~~5',7;.--CP0 
0 YE*O) 7-=E Jv7 7 A 0) 7 Jv ~ -j-~!f ~ ii~/J: ~' fflt1t.'? '.7''-t-1/ 17 Afi~H (l!Rrnt:m.Jtu 
if L, < ijcJU L, tc.!lo//ff) '""f ~ 0 tc. fl>, mrnt~t.L ~ :n--r, mrO) :::r 1::: - v ✓ 1---~@nt 1---✓ -t­
]vJ!!!ff¥0) :l3 P--C ~#~ti 0 s:: ~ nt-=fJU ~ :ho O rm 1 ii, ***O)ID@tc J: 0 MT J *rtl 
m ([Kl 1 (B) ) ~- 5~ltil•l1:~4~'""f~0 Fe ( 1 0 0) O):r.-t,.Jv:;¥-,1'\:.,, P'1Jm~JF9 
rK!'""f~~- ~~~ffflO) [1 0 OJ JJftiltCt-f90E-Ep0)~1J~JF9rKI ([Kil (A)) '""f 
~0o [Kl 1 (B) tCJF9 J: 7 tc, ***O)ID@tc J: 0MT J *Tlimfi, m-1 0) Fe ( 1 
0 0) fi 1 ~, m-2 0) Fe ( 1 0 0) fi 5 ~, S:: ;h 6 O)fffltc~~ ;hk.i:}i~HM g Ox ( 1 
0 0) fi~0 lt\fj: ( 1 0 0) ~Htffii,it~ijc[ti] L, k.~it.aHM g Ox (x < 1) fi 3 ~, ~ 
if L, --c ttmt ~ ti --c It\ 0 0 J:.~c J u 1 1 i r e 0)-=t--r Jv tc J: ti f J:, ~~mr 0) t ~ ✓ !/ J.,. i,)t 
r-:.,,-t,.Jv:/ot_:::z_q:itc;J3P--Cf,f!:f¥~;h0 ~90 ~- Mg 0~~90 r-:.,,-t,.JvmmUi r-✓ 
-t-Jv~!ftc½~IJ:JJftil (*'3'1J!.tffit.::Jt9 0 $tlJJftil) 0)~~~7 1---Jv k z ~tf9 0mrnt 
:szijcEfJ tc 7J: 0 o [Kl 1 (A) tCJF9 [ 1 0 0] ( f' - H) JJftil tc ;J3 ~t 0 F e O):.C.-t,.Jv:;¥-/'\:.,, 
FrK!tc J::hfJ:, 7 .:r.]v ~ *1JLE F tc;J3~t 0~@*& (DOS) fi, ~A E:.,, ~ '.;1/'~,A E 
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:1/0)-lJ-:f,1"\ Y FiJt7 ,;r.Jv ~ $1:tl. E F tc:i3t- ,---cif.;:@~1:f L----c v •6 tcfi>, -z:hfl. ~· rm v ,ffit.i$ 
~~~ 7J: P 0 L, ;IJ, L, ;IJ:;!Jt I:), m-=f-0) ::z l:::: - v :1/ f--if.;:@;!Jt f--:1/ ;r-Jv~f¥0);i3P ---C ~ff~ :ho 
~15-,c fi, ~!!ttc½~IJ:,aac 00 L----c f--- !7 Jvtcxtf1F:1J:~m1J00~~1f9 o~iJmfO)ij-;Qt~ 
!!tffltijUc:i3it oik:@~ 00i¥L-, db6~5EO) t--✓ ;t-;v~$~ff-=> 2: ~ ,c!J:00 cm 1 CA) ,c 
~9 J: -5 tc, ~7'. e"Y tJ,. 1 i ,1-{y F C~*l) iJt7.:r.Jv~$1:tl.E Ftcif.;:@~1f90iJt, j," 
~A e" ✓ I!!,. 1 ! /'\ ✓ P' C-I&:ffl) fi 7 .:r.}v ~ $1:tl. E F {cif.;:@~1:f L, 7J: V 'o 2: 0) J: 7 7J: F e I!!,. 
1 ! /"\:1/ P'0)/'\-7 :J. !7 Jvjj\];IJ:~f1¥!{tc J: &J, ~FmtcrmPMR1tiJt::r l::::- v Y f--/J:7'. e"Yffi 
ffif--Y;r-JHC;i3P---C~l:):hotiJFit'li.iJtdboo :r..e"!7q::-$,'-y}v C1Jci*ffHdboPfi Cl O 0) 
ijcftiJ~~H) O)MT J fi, f--Y;r-Jv~f¥$tc:i3itomfO)~t.Lnttf1JtU~:hotcfi>, J:.icO) 
J: -5 /J: ::z t:::: - v Y t--/J: t--Y ;t-;v~~fl9 o tc fl> ,c fiil:t!tf8-c:db o ~ ~;t I:) :ho 0 

(0019] 
J.,,_1 T, ::zls;:¥e.BJ=J O)m 1 O)~fft[O)~@,c J: Q ,U,R:S?'l.1i\f1i:*-=f lJ;z ~-z O)IYJgJJ$,c-=> v, ---C cmm ~ 

$Yij,L--=>-=>~BJ=}~1r'5o CKl2 CA) iJ,l:)CKl2 CD) ¼'""ffi, ::zls;:¥e.B}=JO)*fft[O)~@tcJ:6 F 
e C 1 0 0) /Mg O C 1 0 0) /Fe C 1 0 0) t'Mm~1f9 o~~f1i:*-=f CJ.,,.1T, r 
F e C 1 0 0) /M g O C 1 0 0 ) / F e C 1 0 0 ) MT J J ~ f1f:9 o o ) O)IYmIJ¥ ~ 
~5-:\f8 ,c~9CKl'""f db o o F e C 1 O O) fi, BC Ct'Mm~1f9 o 5~Hoct'li.W'""f db 00 ¼ 9, 
-$~HM g O C 1 0 0) £:flj 1 1 ~$fJmL,, MB E $ Cn-=f*j:r.. e° !7 q::-$-'-$) tc J: &J, 
-$~HMg0 ClOO)£:fljllO)~ffij0)~7~01/-~~~90fcfi>, MgOClOO 
) $-'-P'fil 5~PX*90o i¥McL----C, CK!l CB) tC~9J:7,c, 50nmW:O):r..e°!7q::-
1/-y}vFe Cl 00) TfiBmt.i Cm1mt.i) 17~Mg0 Cl 00) $-'-Ffil 51:.tc~ 
Ula '""f PX* L,, {XP '""f, JE!!rmJ!g;gT C 2 X 1 0 - 8 P a) ,c ;i3 P---C, 3 5 0 °C '""f 7.::::.. - Jv ~ 
fr -5 o roj, m-=f*l~~{c:i3it o*1Hi, :/JoilmfEnt 8 k V'""f db &J, rot*il&iJt o. o 2 n 
m/f':?, PX*Ui!&iJt~wa C 2 9 3 K) , Y- 7'. ~ L, ---C fi1t.$J;.iWuf8ffi./VtO)M g O CM g ~ 
0 ~ 0)1tiJt 1 : 1) ~ fflt, ', Y- 7'. ~ £ffi~ O)fi!elil~ 4 0 cm~ L,, /'\ ''/ !7 !f 7 r) Y F 0) 
J[g;g&;!Jt 1 X 1 0 - 8 Pa, 0 zj}fE;!Jt 1 X 1 0 - 6 Pa 'c'dboo roj, 1t.$J;.iWuf8~Jf.rotO) 
MgO CMg~0~0)1tiJtl: 1) O)ft;b&J,c, Oj;:tffil~1f90Y-7'.~{9!ffl902:~'t 
tiJ Fit'""f db o o 

(0020] 
CKl3 CA) fi, 2:0)~0)Fe Cl O 0) TfiBmt.i Cm1m;fi) 1 70)RHEED,1 :J.-

1/~~9CKl'""fdb00 CK! 3 CA) ,c~9 J: -5 tc, Fe C 1 o o) TfiBmt.i Cm 1 mffi) 1 7 
fiRW/J:*ffH•li.~ 3¥-t!!'li. ~1:f L, ---C v 'Q 2: ~ ~~ L----C V'Go {XP'c', CK! 2 Cc) fC~9 J: -5 
{C, 2 n mW:O)M g O C 1 0 0) /'\ lJ Yfi 2 1 ~Fe C 1 0 0) TfrBmt.i cm 1 mffi) 1 
7 J:.tc~Ui! -c::r.. e° !7 q=-$,'-y Jv)JX*9 00 2: O)~'t, Mg O O)mf l::::'-.b.~~$~ fflt,,fco 
CKl3 CB) fi, 2:0)~0)Mg0 Cl O 0) /"\l)Yfi2 1 O)RHEED,1 :J.-1/~~9CKl'""f 
db o O cm 3 c B) ,c~9 J: -5 ,c, Mg o c 1 o o) /'\ TJ Y ra 2 1 -t RWIJ:~H'li. ~ 3¥-t!!'li. 
~1:)L, ---CPo 2: ~ ~~L, ---CPoo 

(0021] 
CK! 2 CD) tc~9 J: 7 tc, Mg O C 1 0 0) /"\ lJ Yfi 2 1 J:.,c, ~Ui! '""f W:~ 1 0 n mO) 

Fe C 1 0 0) J:.fiBmt.i Cm 2 mffi) 2 3 ~~rotL- ko ~~L,---C, 1 0 n mW:~ O)C o fi 
2 5 ~ F e C 1 O O) J:.fiBmt.i Cm 2 mt.i) 2 3 J:.tc:LiUf L, tco Co fi 2 5 fi, J:.fiBmt.i 
2 3 O)~ff::1J~rmfi> o 2: ~ tc J:-:::, ---c Jx3¥-fr@J.1t.ijctif ~*fi9 o tc fl> 0) i> O)'""f db o o lfZv, -c: 
, J:.ic0)1'Jcrot~if-l~~~1JDIL----C Fe C 1 0 0) /Mg O C 1 0 0) /Fe C 1 0 0) M 
T J *f~~PX9 00 

(0022] 
J:.icE B tc J: oM g O~~fi, 1 0 - 9 To r r O)JE!!rmJ!g;gif.;:@'""f rotJJi~1T-:::, tco 2: 0) 

1i$'""ffi, 1'tl;ttf::J1'7 7'.£:flxJ:.tc 3 o on mO)rotlJi~1T-:::, td~15-'""f i>, m~BJ=J'""fdb &J, 
RffiJ:!Ji*ffHJJiiJt~rot~ :h---C Po 2: ~ iJt;biJ,6 o CK! 4 fi, Mg o rot*IF-ftc:i3 it o P.!Lmt.iM 
ass 7'.~!7 f--.JvO)~JU~*~~9CKl'""fdb00 CKl4 tc~9 J: -5 ,c, 00)7'.~!7 f--.JvP 1 ~ 
0 2 0)7'.~!7 f--. Jv P 2 ~ fC 009 07tfEiJtrmP2'.: ~ iJt;biJ,oo CK! 5 fi, Mg 0~~$0)~* 
7tfEO)}Ji:LiUfi1&1Nt¥~~9CKl'""fdb00 rm 5 ,c~9 J: 7 {C, ~jtfE§wiJt;IJ,IJ: &J rmP2: 
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~, iiUlil& ~ ~ i> tc~*:5tEEi> rm< tJ: 0.:: ~, tJ: ~·tt, Mg o O):f:fUfB~tc.:J3 lt 0 Mg o 
$-~H:ir• 6 O)~O)JIIJm~~ajtT 0 i> 0)1:~ D, Mg ox ( o. 9 < x < 1) 0) J: ·:He~ 
*Xtffitnt1::_ t: --rt-•0 aHi~~:iJt~ 0 o ~*Xtffitnt1::_ t: 0 ~Mg o ~ :,,,, .::r-JvlsfifO)im ~ nt{& < 
7J: 0 ~ ~ ;t 6 ti ( 1,IJ ;t t"!, 0 . 1 0 ,__, 0 . 8 5 e V ( J: D itJ:HHc f "i O . 2 ,__, 0 . 5 e V 0) 
ffilffl pg) ) , .:: ti,c J: D, ~:,,,, .::r-JV~mf.:iJt:f:~1JoT 0 i> 0) ~ ~ ;t 6 ti00 raj, ~fO:E(qtJ: A 1 
-o ~:,,,,.::r-Jvlsf!fO):ij)j"Et, Fe (1 o o) ~O)FJ.10)~:,,,,.::r-JvlsiifO)im~,±, o. 7,__,2. 
5 e V ~ ~;t 6ti00 .::titcx-1L,---C, Mg O[f.5H,±I.llUt!UfJ/J: ~:,,,, .::r-JvlsjifO)rm~ ,± 3. 6 
e V 1: ~ D , *lifl ~ L, --r f"i o. 9 ,__, 3 . 7 e V O)ff:iJt1~ 6 ti ---C v • 0 o **nt!i0)%@tc J: 
01i'$:.~ fflt- •0 ~, o. 3 e Vf.¥&0) ~:,,,, .::r-JvlsfifO)im ~ :iJifft'.fE~ ti, ~:,,,, .::r-Jvlsj!fO){& 
~tJt 1t:iJttiJ Fitl: ~ 0 .:: ~ :iJt ;b 7':l· 0 o 1!! L,, -t-O)ft!!. 0) ~l::!:L fJU ;t ,-tmiJZtt 0) :::r l::: - v :,,,, ~ tJ: ~ 
:,,,, .::r-JvO)~Ai> ~W 1,,--rt-•0 tiJFi~~:iJt~00 

(0023] 
CR] 6 ,±, J:.~c0)--Jj'$;_,c J: D ~m L, f.:: F e ( 1 0 0) /Mg O ( 1 0 0) / F e ( 1 0 0 

) MT J *-=f 0) A!f'l E(q 7J: ~~tJtsiJ¥l ~ ~T CR] 1: ~ Q O JU'.fEw!& 2 0 K ,c ,:J3 t, \ --r MR Jt 1 
4 6 % 1: ~ D , JU'.fEw!& 2 9 3 K tc .:J3 P ---CM R ltJ"i 8 8 % 1: ~ -::J t.= o .:: O)f l f "i, I.Jt(± ~ 1: 
,c~wa,c.i3v•---Cf~6tit.=~i>rmPMRJt1:~00 ,::O)J: 'J 7J:rmPMRJtt"i, Fe ( 1 0 0 
) mffi 0) ;-7.. 1:: :,,,, :5t ffi* , c J: -::J --r m Bf.IT 0 .:: ~ r ± 1: ~ --r, 'ifr 1,, ;s , :::r t::: - v :,,,, ~ tJ: ;-7.. 1:: >ffi 
ffi ~:,,,, .::r-9 :,,,, 7''tc ~WT 0 ~ ~ ;t 6 ti00 1 6 O O)MT J *-=f ~~tff L, f-=ff.l~:, MRJt~ 
~ :,,,, .::r-Jv~tJt fl~ tc ~ T 0 ,-t 6 -=> ~ ,±, 2 o % .L,j pg 1: ~ -::J f.:: o MT J 0)?¥~ ~ D i> *ii~ 

~~1: 9 0 %.L,JJ:.1:~ -::J f-=o .:: 0) J: 'J 7J:rmv •ft,±, 2's:7 70 --:f-O)i:f11J'~ ~~ajt L, --rt, •Q 
o MTJO)~t]t-:c.!)yfj!t (RA) t"i, ~kQµm21:~D, ,::O)ff,±, MRAMtc:il!fL, 
tdl1:~00 

(0024] 
CKl7 (a) t"i, ~watc.i3lt0MRJt0)/'\,17;7..mfEt&t¥'~~~TCKl1:~00 CKl7 (a) 

,c~T J: 'J ,c, MRJt0)/'\,17 A mEEt&#tEJ±7'J•7J: D {&t, \.:: ~ 7'Ji;b7'J•00 :JF:X1f$1J:4i'~ ~ 
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( t~i-'f lli JUtA] 
rnt5JUffi~] 3 o 1o2153 3 
(~:g JZ iJ::g ~] 3!±! v fr 1&$AJ£*txiT~'E1liff~pff 

(nIIA] 
rnt5JUffi~] 
(#II±] 

100091096 

(~:gJZ~j::g~J 3¥* +ttm 
(~tr L, tcnIIA] 

rnt5JUffi~] 
(#II±] 

100105463 

(~:gJZij::g~] !ffi'.fr - ~ 
(~tr L, tcnIIA] 

rnt5JUffi~] 
(#II±] 

100102576 

(~:gJZij::g~] n'.fil ~~ 
(~tr L, tcnIIA] 

rnt5JUffi~] 
(#II±] 

100108394 

(~:gJZij::g~] ~tt ~~ 

(~~:5'c] t!!~ 
( :5'c 0) lli JlJH c: £ ~ < ~ll-=E ~] 

(llililffi~] t~o2004- 71186 
(tfj)!JB] 3f)vt16~ 3,F.112B 

( -=.F~:f-t O)*~] 
(-=f*Rgr!JRffi~] 015244 
(ffltt~~] 16, 000 P3 

( m lli !lo// 14 0) § ~J 
( !lo// 14 :g ] 
( !lo// 14 :g] 
( !lo// 14 :g] 
( !lo// 14 :g ] 

t~i-'fil::sJ<O)iHlffl 1 
BJ=l¥Hl~ 1 
CKIOO 1 
~~~ 1 
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(~,m::gJ t~itiw<KOJit!l!tl 
rnw<KJJr 1 J 

f--✓ _::f}v~itfi ~, it f--✓ _::f}v~itfiOJm- 1 tffiJIJtcIDJvt~ tit:::. BC C:f'fJQ~if9 Gm- 1 
OJ5§iffii'li.f:ffi ~, Jmic f--✓ -t-Jv~itfiOJm- 2 [ffiJIJtcIDJvt~ tit:::. BC C;flm~if9 Gm-2 OJ 
iJiil•li.ftfi ~, ~if--r Q~ f--✓ -t-Jvffl'Ei'lim'""f ~ '? -c, 

Jmic t--✓ -t-Jv~itfint, •~HM go x c 1 o o) ~ Q P,-t c 1 o o) ~Htffint~Wc 
[ti] L, t:::.:$taHM go x co< x < 1) fit-= J: ~ IDJvt~ ti-CPG ~ ~ ~t~~~ --r Gii~:fftt]t 
*To 

rnw<KJJr 2 J 
M g O ( 1 0 0 ) 7J'>-G /J:. G f--✓ -t-Jv ~itfi ~ , it f--✓ -t-Jv ~itfi OJ m-l 00 JU ,c IDJvt ~ ti 

t:::. Fe ( 1 O O) n"' G /J:. Gm- 1 OJ5iffii'li.ftfi ~, Jmic f--✓ -t-Jv~itfiOJm- 2 tffifflIJtcIDJvt~ 
tit:::. F e ( 1 o o) n"' G /J:. Gm-2 OJiJiffii'li.f:ffi ~, ~if9 G@i~ f--✓ -t-Jvffl'Ei'lim'""f ~ '? 

-c' 
1micM go fin\ •*a HM go x c 1 o o) ~ Q Pf-t c 1 o o) *aHtffint~WcftiJ L, t:::. 

:$~HMg Ox ( o<x< 1) fit.: J: ~ IDJvt~ ti-Cl\Q ~ ~ ~l~~~ 9 Gti:ti~:fftf]t*To 
rnw<KJJr 3 J 
MgO (100) 7J"'b1J:.G 1-- ✓ -t-Jv~itfi~, ~tt-- ✓ -t-Jv~itfiOJm-1 tffiJIJtcIDJvt~ti 

t:::. Fe¼ td'iB C C;flm~if9 G Fe *'Ei'½OJi:}i~H ( 1 0 0) fi¼ td'i ( 1 0 0) ~H 
tffint~WcftiJ L, t:::.:$~Hfin"' G /J:. Q m-1 OJiJiil'li.ftfi ~, Jmic t--✓ -t-Jv~itfiOJm- 2 tffil!J 
tcIDJvt~ tit:::. Fe¼ td'iB C C;flm~if9 G Fe *'Ei'½OJ1Ji*aH ( 1 0 0) fi¼ td'i ( 1 
0 0) ~HtffiiJt~ijc[ti] L, t:::.:$*aHfiiJ"' G /J:. Gm-2 OJ5iffii'li.f:ffi ~, ~if9 G@i~ f--✓ * 
Jvffl'Ei'lim'""f ~ '? -c, 

JmicM g O ( 1 0 0) fiOJ,fu~*Ti'trto ~ JmicF e ( 1 0 0) fiOJ 7 .;:r.Jv ~ *,t'.[OJffflOJ~ 
:ilt~1l ( f--✓ -t-Jv~itOJim~) ~1JitaHtc:8~tG1-lIUt!UfJ/J:.1lJ: ~ t>i&< L,f:::.~ ~ ~t~~~ 
9 Q @i~:fftf]t*-=f 0 

rnw<KJJr 4 J 
Jmic~:ilt~lf'i, o. 2 ,__, o. 5 e V OJic!l!tlP3'""f~G ~ ~ ~l~~~ '9 G iw<KJJl 3 tci~ 

O)-C-;£,,1=+11..-f:-'--*2. 
11,Mx\-r;!:..\1 Jl* J 0 

rnw<KJJr s J 
Jmic~:ilt~lf'i, o. 1 o ,__, o. 8 5 e v OJic!l!tl pg '""f ~ G ~ ~ ~l~~ ~ --r Q iw<KJJl 3 tc 

~;::t ±I'. 0) J:-;f,,I= +11..-1:---'--*2. 
oLJW<. 11.Mx\'L!:..\1.Jt* J o 

rnw<KJJr 6 J 
1 -::> OJ f--7 ✓ -:,J ::;t,. !7 ~ , it f--7 ✓ -:,J ::;t,. !7 OJ~ i6'f ~ L, -C ffl P G ti G iw<KJJl 1 7J'>-G 5 ¼ '""f OJ 

t, \9tiiJ"' 1 JJ[tcic~OJ@i~:fftf]t*-=f ~ 
~if--r Q ictf-*r o 

rnw<KJJr 7 J 
£ffi~ *flm9 G If¥~, 
it£:fJx_Ucm- 1 OJ Fe¼ td'i BC C;flm~if9 G Fe *'Ei'½OJi:}i~H ( 1 0 0) fi ¼ t:::. 

fj: ( 1 0 0) *aHOOiJt~ijc[ti]L,f:::.:$~Hfi~:tift9Gif¥~, 
Jmicm-1 OJ Fe¼ td'iB C C;flm~if9 G Fe *'Ei'½OJ ( 1 0 0) fiJ:.tc, i:}i~HM g 

0 x ( 1 0 0) ~Q t,\fj: ( 1 0 0) ~HOOiJt~ijc[ti] L, t:::.:$~HM g Ox ( o<x< 1) 
n"' G /J:. Q f--✓ -t-Jv~itfi ~ im1'rg;gTic:8P-C:tift--r Gif¥ ~, 

~t f--✓ -t-Jv~itfiJ:.tcm- 2 OJ Fe¼ td'iB C C;flm~if9 G Fe *'Ei'½OJi:}i*aH ( 1 0 
O) fi¼td'i (1 o O) ~HOOiJt~WcftiJL,f:::.:$~Hfi~IDJvt'9Gif¥~ 
~if9 G ~ ~ ~l~~ ~ '9 G@i~:fftf1[*-=fOJffiYmJJ$o 
rnw<KJJr s J 
•~HM g ox c 1 o o) ~ Q Pf-t c 1 o o) ~Htffint~WcftiJ L, t:::.:$~HM go x c 

0 < x < 1) 7J"' b /J:. G£:flx~*flm9 G m-1 If¥~, 
~t£ffiJ:.tcm-1 OJ Fe¼ td'iB C C;flm~if9 G Fe *'Ei'½OJi:}i~H ( 1 0 0) fi¼ t:::. 

fj: ( 1 0 0) *aHOOiJt~ijc[ti]L,f:::.:$~Hfi~:tifilL,, ~It\'"<:, *aH1t.OJf:::.libOJY.::::.-Jv 
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~ fr 7 m-2 If¥~, 
imicm-1 ®Fe¼ td'iB C Clim~WT 0 Fe ~dr½® ( 1 O O) fi J::Jc!Ji*aHM g O 

x c 1 o o) db 0 Pi-t c 1 o o) ~Hffint~l!§cftiJ L, t-=:$*aHM go x co< x < 1) n..,. 
b '/;J:_ 0 I--Y _:z-Jvrl!tfi ~ iml!g;gTtc.i3v \---CiiUlT 0 m-3 If¥~, 

it I--Y ;z-Jvlsf!tfiJ:Jcm-2 ®Fe¼ td'iB C Clim~WT 0 Fe *it½®!Ji*aH ( 1 O 
0) fj ¼ td'i ( 1 0 0) ~Hffint~i!§c[ti] L, f.:::$~Hfi ~IDJvtT 0 m-4 If¥~ 
~WT 0-:: ~~ti~~ T 0 u.nsntfrt1[*-=f®ffiYm:n$o 
rnw:s1<1Jr 9 ] 
imicm-1If¥~m-2If¥~®m:ltc, !Ji*aHMgOx (1 O 0) db0v\f'i (1 O 0) *aH 

oont~i!§cftiJ L, t-=:$~HM go x co< x < 1 ) n..,. b '/;J:_ 0 :,,'- P'fi ~ rot-:RT 0 If¥ ~trT 
0-:: ~ ~ti~~ T 0 iw:sJ<JJl 7 JO'i 8 tc ic~®liiisntfrt1[*-=f ®ffiYm:n$o 
rnw:s1<1Jr 1 o ] 
imic•*aHM go x c 1 o o) db 0 Pf-t c 1 o o) *aHffint~l!§cftiJ L, t.:::$*aHM go 

x Co< x < 1) n..,. b '/;J:_ 0 I--Y :z-Jvrl!tfi ~IDIVtT 0If¥9=qc, Mg ox® x fl!i ~Wi'Il~T 
0If¥ ~~<h- s:: ~~ti~~ T 0 iw:sJ<JJl 7 )O'i 8 tcic~®~tfrt1[*-=f®ffiYm:n$o 
rnw:s1<1Jr 1 1 ] 
£ffi ~ $fimT 0 If¥~, 
it£ffiJ::.tcm-1 ®Fe¼ td'iB C Clim~WT 0 Fe *it½®-~H ( 1 O O) fi¼ t.:: 

f'i ( 1 0 0) ~Hffint~i!§c[ti]L,t.:::$~Hfi~:fiUlT0If¥~, 
imicm-1 ®Fe¼ t.::f'iB C Clim~WT 0 Fe *it½® ( 1 0 0) fiJ::.tc 7--=E-Jv7 7 :::t-. 

Mg Ofi~IDJvtL,, 7 ::::..-Jvtc J: I'.) it-Y--=E-Jv7 Y :::t-.M g Ofi~~H1tL,---C !Ji~HM go x 
(100) db0Pf'i (100) *aHffint~i!§cftiJL,t.:::$*aHMg0x (O<x<l) iJ..,.b 

'/;J:_ 0 I--Y :z-Jv Pl!tfi ~ IDIVtT 0 If¥~, 
it I--Y _:z-Jvlsf!tfil:.tcm-2 ®Fe¼ td'iB C Cfim~tfT 0 Fe *it½®!Ji*aH ( 1 0 

0) fi ¼ td'i ( 1 0 0) *aHffiiJt~i!§c[ti] L, t.:::$~Hfi ~IDJvtT 0If¥ ~ 
~WT 0 s:: ~ ~ti~~ T 0 iisntfrt1[*-=f ®ffiYm:n$o 
rnw:s1<1Jr 1 2 ] 
imic-Y--=E Jv7 7 :::t-.M g O fi ~ :;7_,/'\ ''/ !I 9 Y ~-$,c J: I'.), Mg Ox OJ x fl!i ~Wi'Il~m<ij-OJ !I 

-//"/ f--~Jt}P---C:tlflT02'.: ~~ti~~T0iw:sJ<JJ[l 1,cic~®@isntfrt1[*-=fOJffiYm:n$ 

rnw:s1<1Jr 1 3 ] 
imic-Y--=E Jv 7 7 :::t-. M g O ~IDJvtT 0 If¥g::, ic, Mg O x OJ x fl!i ~ Wi'Il~T 0 If¥ ~~<fr 2: 

~ ~ti~~ T 0iw:sJ<JJl 1 1 tci~OJtt.nsntfrt1[*-=fOJffiYm:n$o 
rnw:s1<1Jr 1 4 ] 

I--Y :z-Jvrl!tfi ~, it I--Y :z-Jvrl!tfi OJm-1 001!'!UtcIDrot~ tit.:: 7--=E-Jv-Y Y :::t-.ii'li.ii-½n..,. 
b '/;J:_ 0 m-1 OJ5!liii'li.1'fi ~, imic I--Y :z-Jvrl!tfiOJm- 2 001!'!UtcIDrot~ tit.:: 7--=E-Jv-Y Y :::t-.ii 
'li.ii-½n..,. b '/;J:_ 0 m-2 OJ5!liii'li.1'fi ~, ~WT 0~ I--Y :Z-Jvfflii-1im1:db '? ---C, 

imic 1--✓ :z-Jvrl!tfint, •~HM go x c 1 o o) db 0 v \f-t c 1 o o) ~Hffint~Wc 
[ti] L, t.:::$*aHM g Ox ( 0 < x < 1 ) fi tc J: I'.) IDJvt ~ ti ---C v \ 0 2: ~ ~ti~~ T 0 tt.nsntfrt]'[ 
*-=f◊ 

rnw:s1<1Jr 1 s ] 
M g o ( 1 o o ) n..,. b '/;J:_ 0 I--Y :z-Jv Pl!tfi ~ , it I--Y :z-Jv Pl!tfi OJ m-l 001J'!U ,c IDJvt ~ ti 

t.:: 7--=E-Jv-Y Y :::t-.ii'li.ii-½n..,. b '/;J:_ 0 m-1 OJ5!liliii'li.1'fi ~, imic I--Y :z-Jvrl!tfiOJm- 2 001!'!Utc 
IDJvt~ tit.:: 7--=E-Jv7 7 :::t-.ii'li.ii-½n..,. b '/;J:_ 0 m-2 OJ5!liii'li.1'fi ~, ~WT 0iisn I--Y :z-Jvffl 
ii-1Jm1: db'? ---c, 

imicM g o c 1 o o) fi OJ£i1*Tfirm ~ imic y--=c Jv 7 7 :::t-.liii·li.it½n..,. b '/;J:_ 0 m-1 JO-tm-
2 OJ5!liii'li.1'fi ~ OJ 7 ;r.Jv~ $11lOJm:IOJ~~wcfl!i CI--Y :z-Jvlsf!tOJim ~) ~ •*aHtc.i3~t 
0 Il~IB '/;J:_fl!i J: I'.) ~ i5; < L, t.:: s:: ~ ~ti~~ T 0 iisntfrt]'[*-=f o 
rnw:s1<1Jr 1 6 ] 
imic~~wcfl!if'i, o. 2 ,__, o. 5 e V OJit!lffl pg 1: db 0 2: ~ ~ti~~ T 0 iw:sJ<JJ[ 1 4 )O'i 
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1 5 ict~O)Enmtl\;;t1i:*-=f-◊ 
rnw:s1<1Jr 1 7 ] 
JWtc~~~fltt, o. 1 o ,__, o. 8 5 e V O)fl!lffl pg~ db -0 ~ ~ ~t~~ ~ T -0 tw:sJ<JJl 1 4 

x,i 1 5 ,ctc~O)Enmtl\;;t1i:*-=f-◊ 
rnw:s1<1Jr 1 s ] 

1 -::> 0) I--7 ✓ 1/ A !/ ~ , it I--7 ✓ 1/ A !/ 0) ~ :MI ~ L, -C ffl P t> ti -0 gw:sJ<JJ[ 1 4 7J" t> 1 7 'i. 
~O) v '>.9;f'l,-/J"' 1 JJ[tCg~O)@.ix(.tf\;;tJ'i:*-=f-~ 
~iJT -0 gc'ti*-=f-o 

rnw:s1<1Jr 1 9 ] 
£ffi ~ *fimT -0 If¥~, 
it£ffiJ::Jc 7 ~ Jv 7 Y AEn't!.'El~iJ"' t?> /J:. -0 m-1 0)5!JiEn't!.1:fJi ~:tiUilT -0 If¥~, 
itm-1 0)5!JiEn't!.1:fJiJ:.tc 7~Jv7 Y AMg OJi~MJvtL,, 7 ::=.-Jvtc J:: ~ itr~Jv7 Y 

AM go Ji ~*'5H1t 1.,, -c 1ii*'5HM go x c 1 o o) db-0 v ,.~i c 1 o o) *'5Htffint~Mcftil 
L,f-::$-*'5HMgOx (O<x< 1) n"'t>/J:.-0 I--✓;t-Jv~!!Ji~MJvtT-0If¥~, 

it I--✓ ;t-Jv~!!JiJ:.tc 7~Jv7 Y AEn114.'E1~7J" t> /J:.-0 m-2 0)5!JiEn't!.WJi ~:liUfT -0If¥ 
~if--t -0 ~ ~ ~t~~ ~ --r -0 tt.Kimtl\;;t1i:*-=f-O)fflYm:n$0 
rnw:s1<1Jr 2 o ] 
JWgc1liit.aHM go x c 1 o o) db -0 Pfi c 1 o o) it.aHOOnt~Mcftil 1.,, t-=:$*'5HM go 

x (O<x< 1) -/J"'t>/J:.-0 I--✓;t-Jv~!!Ji~MJvtT-0If¥$fi, AT"Y !/ 9 ✓ ::1/-$tcJ:: ~ 
M g o x 0) x ft~~~~ :J-J-0) !? - If ,y t-~ m v,. -c :tiut--r -0 ~ ~ ~t~~ ~ --r -0 Enxttl\;;t1i:*-=f­
O) ffiYmJJ$o 
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(~,m: :g] BJUffi~ 
(~BJ:j O):g ~] tlll~~tlt*-=f J!;z ~ -i" O)fJmmJJ$ 
(ttir:nJrJ 

(0001] 
2js:~BJ:Jtt, ~~fJt*-=f J!;z~-z-O)!Jmm1J$tcOO L-, 4~tc, rmlt\~~fJt~=if--t 6tlll~~ 

f]t*-=f J!;z ~ -i" O)fJmmJJ$tc oo--r 6 O 

(~~txirJ 
(0002] 

MRAM (Magnet Ore S i St i Ve Ra Il d 0 ffi AC Ce S S Me mo r y) f'i, Il:f±J.t < ffl lt 'd:) ;;}1, "'( P 6 icti* 
-=f'"f~6 D RAMtcn;;b6j(:@J;.[ti]ltgc'l:i*-=f'"f~ &J, li"-::J, rmila~f'f~'~~ ~ 9 ~ L-
--C J.t < liff~lffl~iJt:f-y;b;;h --C ;!3 &) , -f§tl ;~:Jj\ 4M bit O)MRAMiJt-1}-Y :1 Jv tl:\i5Y~ ;;htc ~ lt \ 7 *~ 
iJt~60 

(0003] 
rKI 8 f'i, MRAMO),t\ixif~'"f ~ 6 TMR*-=f"O);f'/§m~, ,z-O)J1J1t~II ~~--trKl'"f ~ 60 

LKl8 (A) ,c~9J:7tC, TMR*-=ftc;!3P--Cf'i, ~1L4o/liJ\t?>a6t--Y-t-Jv~!fO)lffiJftl~ 
1litlll'~~~7J\ t> a 6 :m-1 &~:m- 2 0) 2 -::JO)mt:i,c J: &J ~lvtt r- Y -t-JVf'lm~=if L, --C lt\60 
t--Y-t-Jv~!ffi~ L---Cf'i, 7~JV7y7-.0)A 1 -OJiiJtfflPt?>;;h--CP6 (jM~ffXffixl $ 

~ij) o rKI 8 (A) ,c~--t J: 7 tc, :m-1 O)'Ji11:ti'~mt:i~:m-2 O)'J~tlll'~mt:i~ O)tlll1LO)ftiJ~iJt 
+1ra+1rtlll1LO)~iHc r-t, t--✓ -t-JvttmO)~ffi'Hc;!3 ~t 6 $ffl1JftiJ ,c oo--r 6*-=f-0)~~ 
f]tiJt/j,~ < a6o ~jj, rKI 8 (B) ,c~9 J: 7 tc, :m-1 0)'1~tlll'~mt:i~:m-2 O)'Jitlll'~mt:i 
~ O)tlll1LO)[ti] ~ iJt+:fraJx+:frtlll1LO)~'Ei'tC f'i, r- Y -t-Jvt'lmO)~ffi]tc;!3 lt 6 $¥l1JftiJ tc 
00--t 6*-=fO)~~fJtiJtj(~ < a6o -=: O)~fJt1u'H'i, ~JN:Eflaik:tt,'"ff'i~1Lit9\ ~fJt1ui 
iJtrW:t PiJ\11\;PiJ\fc£-::5P --c 'f1f=ffi " 1 ,, ' "0" ~ L, "'(gc't"i ~ ;;h,6 0 f-1Ttlll1L~ fxf-1Ttlll1L 
~ f'i~t-~rc gc'l:i ~ ;;}1, 6 tc fl)' ~ti~'~~ ~ 9 0)£2js:*-=f ~ L, --c ffl lt \ 6 2: ~ iJt'"f ~ 6 0 

rKI 9 f'i, MRAM0)£2js:t'lm-f§IJ~~9LKl'"f ~ &J, rKI 9 (A) f'iMRAMO)f4flrKl'"f~ &J 
' LKl9 (B) fJ:~5:\EfJa§~t'lmtrKl'"f~&J, LKl9 (C) f'i, t'lm-f§IJ~~9~ffirKl'"f~60 
rK19 (A) ,c~9 J: 7 ,c, MR AMtc;!3P--C i-t tJ- F¥lW L ~ 1::: '1/ t-fl.B L ~ iJt:3'.t~9 6 
J: 7 tcMciil ~ ;;h, 3'.t~-i':i~tcMR AMtJviJtMciil~ ;;h --C P6o rK19 (B) fC~9 J: 7 ,c, tJ 
- Fffl~ l::: '>' r-¥1~ 0):3'.t~if~tciciil ~ ;;htcM R AMtJH'i, TMR*-=f ~, 2: O)TMR* 
-=f ~ rniJIJ ff~~ ;;h fc MO S F E T ~ ~ =if L, --C ;!3 &J , jri i5Y~f]t ~ L, --C ~FI~9 6 TM R *-=f 0) 
~f1[1f ~MO S F E T tc J: &J g5cc7J.JfX 6 2: ~ tc J: &J, gc't,"i1[1f=ffl ~ ~5cc7J. tl:\ 9 2: ~ iJt'"f ~ 6 o ~ 
' 'f1f=ffiO)~~~x.f'i, -f§IJx.tf, TMR*-=f~O)tlll~O) EfJiJmc J: &J 1T 7 2: ~ iJt'"f ~ 60 rKI 9 

( C) ,c~9 J: 7 tc, MR AM~~ 9 t JH'i, p ffY S i £:;f-Jx 1 0 1 P~HC~,ox ~ ;;hfc 'I- 7-. 
if :ti 1 o 3 ~ F I/ -1 Y if :ti 1 o 5 ~ , -i-0) 00 tc umJE ~ ;;h 6 + -v -t-Jvit:ti ,c xt L---C ~mt~ ;;h 
tel/- t--mt:i 1 1 1 ~ ~=if9 6MO SF ET 1 0 0 ~, TMR*-=f 1 1 7 ~ ~=if L, --CP6 
o 'I - 7-. if::l:!!X 1 0 3 f'i 'I - 7-. mt:i 1 1 3 ~-fr L, --Ctft-lt!. ( G ND) ~ ;;h, F 1/-1 Yif::l:!!X 1 0 
5 i-t, r' I/ -1 Ymffi l 1 5 ~ TM R *-=f ~ ~ 1r L, --c l::: o/ r-¥1 B L ,c ffl~ ~ ;;}1, --c p 6 0 ry -
F¥l W L f'il/- r-mt:i 1 1 1 ,ext L---c LKI~ L-a rt \ffl:ti,c ;!3 rt\ "'(ffl~~ ;;h --c rt\ 6 o 

(0004] 
J,.,_11:Jc~BJ:j L, tc J: 7 tc, ~t.~·~~ ~ 9 MR AMf'i, 1 -::JO)MQ SF ET 1 0 0 ~ TM 

R*-=f 1 1 7 ~ tc J: &J 1 -::J 0) ~ ~ 9 t Jv ~~mt--t 6-=: ~ iJt'"f ~ 6 tc l1>, rm~HHttcil!f L-tc 
~ ~ 9 *-=f ~ p 7 2: ~ iJt'"f ~ 6 0 

(0005] 
(jp4~i-'f=tffix 1] D, Wang, et al, :Science 294 (2001) 1488, 

(~BJ=} O)fm~] 
(~BJ:j iJtfW~ L, J: 7 ~ 9 6 it~] 

(0006] 
IJVlf;:0)13zff\T~ fflP6 2: ~ tc J: &J 6 4 Mb i t f¥l_!tO)MR AM~*f!--t 6Ji:lfil L-f'iv "? --C P 
6 iJ\ -f-;;}1,J,.,jJ:.O)rW:t~fil1LO) tc l1> tc f'i, MR AMO),t\ixif~'"f ~ 6 TMR*-=f-0)4~•~ ~ [ti]J:. 
~ it 61Z.,~iJt~6o 4~tc, TM R*-=fO)tl:\JJmff~[ti]J:. ~ it 6 ,cr-t, tlll~~f1[0)tl=k ~m 
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H]it!: 0) c&~O) 1ilifJJiJt£,~1: db o O CRJ 1 o ri, y =c Jv 7 YA A 1 - o ~ t--:::,,, -t-Jvrl!t ~ 1.,, 
tcf;e*2!!1TMR~fj'-O)-uik~:ffrt:1[0)Ef):fJomB]eJ:0~1t~~9CRJl:db0 (L 1) o CKl 1 0 re 
~9 J: 7 re, f;i:*2:f!lTMR*rre:r.,P--C i'i, ,@i~:ffrt:1[;1Jt1J\. ~ <' titemEE~ EP1J□9 0.:: ~ 
,e J: t'.) ,@i~:ffrt:1[iJt~$Je 1J"-~ < 7J: o ftJ{[ti] iJt,7_;. t:> ;ho o S:: 0) J: 7 !J:ti'!'tl: i'i, J1J11f''< - 1/ ✓ 
~ :w~ L, tc tt1JmfEiJt1J\. ~ 9 ~-0 tc &?, ~~O)ic'IE*r,effl p 0 O);IJ~lif L, Po J: tJ J:!wlfJ 
te,'i, IJU:kO)TMR*rO).@i~:ffrt::,t,'1~70% ~ 11'; <, ~ tctl:l:1JmfE't 200 m V t.iT ~,f1';t,-. 
tc &?, DR AMO) tl:l:1JmEEteJ:t«--C~J{lf}te~7}1:db tJ, 1:fHf&~ J:J-:f'o tef;et--vfg~iJt ./ 
~ ;;<',e:l:J. ti ;h --C~im,7_;.tl:\it/J: < /J:-::> --CL,~ -5 ~ t,-. 7 Ftcr~~iJtdb-::> fco 

(0007] 
::zjs:~BJ=]f'i, TMR*rte:r.,,t 6 tl:\:1JmfE~:::k~ < 9 o S:: ~~§If}~ 9 00 ~ $ te, :::k~ 

!J:.@i~:ffrt::,tte J: tJ, ~5Ete11J1'f--r 0 ictf.~til ~t~ttt--r 0.:: ~ ~ § lfJ ~ --r 0 o 
(~l~~M~--r 0 tclx?O)*~] 

(0008] 
::zjs:~BJ=]O)~il,~,e J:;htf, t--:::,,, -t-Jvlsl!t!i ~, it t--:::,,, ,t..Jvlsl!tJiO)m- l ffi}tJlljteIDmt~ ;h 

tc BC C:t$lm~if9 om- 1 0)5§i.@i'!'tWJi ~, mJic r-:::,,, ,t..Jvlsl!tJiO)m- 2 OOJUreIDmt~ ;htc 
B c C:t$lm~if9 om-2 0)5§i@i1!'tWJi ~' ~if9 0~ t--:::,,, ,t..Jvtf'Ei':t$lm1:db-::> L, miic 
f--:::,,, -t-Jvlsl!t!iiJ\ •*a HM g Ox ( 1 0 0) db o t,-.fj: ( 1 0 0) *aHtffiiJt~J!§c[ti] L, tc 
$*6HMg Ox ( o<x< 1) Jite J: tJ ID/Vt~ ;h--Ct---.6.:: ~ ~ti~~ 9 6-uit~:ffrt]t*riJt 
t~1tt~t1oo 

(0009] 
~ tc, Mg o ( 1 o o) iJ"-I?:> /J: 0 t--:::,,, -t-Jvlsl!tfi ~, it t--:::,,, -t-Jvlsl!tfi O)m-1 OOf!HeID 

mt~ ;hfc Fe ( 1 0 0) 7J"-t:> /J: om- 1 0)5§i.@11!'tWJi ~, miic f--:::,,, -t-Jvlsl!tJiO)m- 2 oo,u,e 
ID/Vt~ ;htc Fe ( 1 o o) iJ"-$ /J: 0 m-2 0)5!i-u.¥i'!'tWJi ~, ~if9 0~ r-:::,,, -t-Jvtf'Ei':t$lm 
1:db-::>--C, mJicMgOJiiJt, -$*aHMg0x (100) dboPf'i (100) *aHtffiiJt~ 
fficftiJ 1.,, tc$*6HM go x co< x < 1) Ji ,e J: tJ ID/Vt~ tt --ct---.0.:: ~~ti~~ --r o~:ffr 
tt*riJtr~ttt ~ ;ho o mJicM go ( 1 o o) Ji O)~~Tftim ~ mJic F e ( 1 o o) Ji 0) 7 
,;x.Jv~ .:r.-t-Jv:::¥-O)mJO)::,y:;:~¥-%fl Ct--:::,,,,t..Jvlsl!tra:1~) ~•*aH,e:r.,~toflJ: tJ tif1';< 1.,, 
tc S:: ~ ~ti~~ 9 o o J:.ic:ftl/Vt ~ ffl Po ~ , .@i~:ffrt:1[iJt:t11:::k L, TM R *T 0) tl:l :1JmfE ~ :::k 
~ < --r o .:: ~ iJt1: ~ tc O 1 'J 0) t--:1 ✓ 1/ A !1 0) ~-rot ~ 1.,, --c 1:.ic.@i~:ffrtt*r ~mp o ~ , 
::,y:;:t'f~'ttO)ictf.*r~IDmt--r 0.:: ~ iJt1: ~ f-=o 

(0010] 
::zjs:~BJ=]O)ftE,O)il,~te J:;htf, £:fJx~$fJm9 oif.¥ ~, it£ffiJ:.,em- 1 0) Fe ( 1 0 0) 

Ji ~:liUit'9 o If.¥~, mJicm-1 0) F e ( 1 0 0) Ji J:.,emr t:::-L~~$te J: tJ -$*a HM 
g Ox ( 1 0 0) db 0 t,-.fj: ( 1 0 0) *6HtffiiJt~J!§c[ti] L, tc$*aHM g Ox ( 0 < x < 1 
) iJ"-I?:> /J: o t--:::,,, -t-Jvlsl!tfi ~ ra:1lr~Tre :r.,P--C:liUt--r o If.¥~, it t--:::,,, -t-Jvlsl!tfi J:.re m-
2 0) F e ( 1 0 0) Ji~ ID/Vt'9 o If.¥~ ~if9 o S:: ~ ~ti~~ 9 o ~:ffrtt*rO)~mh 
$iJtt~ttt ~ tLoo 

( 0 0 1 1] 
~ tc, i:Ji*6HM g Ox ( 1 0 0) dbo p'j: ( 1 0 0) *6HtffiiJt~J!§c[ti] L, tc$*6HM g 

Ox ( 0 < x < 1 ) iJ"-$ /J: 0£1/x~$fJm9 0 m-1 If.¥~, it£tRJ:.tem- 1 0) F e ( 1 0 0 
) Ji ~:liUil L,, ~Pl:, *6H1t.O)fc &?O) 7.::::.- Jv~1T 7 m-2 If.¥~, miicm- 1 0) Fe ( 1 
0 0) JiJ:.temrt:::-,b.~~$,e J: t'.) •*aHM g Ox ( 1 0 0) dbo Pf'i ( 1 0 0) *aH 
tffiiJt~ffcftiJ 1.,, tc$*6HM go x Co< x < 1) iJ"-t?:> iJ: 0 t--:::,,, -t-Jvrl!tfi ~ ra:1lr~Tre:r., 
t,-.--C:liUit'9 om- 3 If.¥~, it t--:::,,, ,t..Jvlsl!tfi J:.,em-2 0) Fe ( 1 O O) Ji ~ID/Vt'9 om- 4 
If.¥~ ~if9 o S:: ~ ~ti~~ 9 6.@i~:ffrt]t*rO)~mJJ$iJtt~{tt~ tLoo fa], mJicm-1 I 
f¥~m-2If_¥~0)m]te, •*aHMgOx (100) dboPf'i (100) *aHtffiiJt~j!§c[ti] 
1.,, tc$*6HM go x co< x < 1 ) 7J°"' I?:> /J: o $,'- Fri~ mt* --r oif.¥ ~if 1.,, --c P --c ti ~P 

0 ~ tc, miicY=EJv7 7 AM g Ori~' Mg OX 0) X fl ~~~ig,7_;.0) :>7 -ij '>' t--~ fflP--C 
:liUf L, --C B~Po S:: O)~, miicY=EJv7 7 AM g O ~ID/Jx9 0If.¥tj::tte, Mg Ox 0) x fl 
~~~L, --C B~Po 
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(0 0 1 2) 
2's:~Bf.lO) ~ 6 te~UO)WL~tc J:ttr:f, Mg o C 1 o o) n~ 6 /J:. 6 I---:;.,, -t-Jvlsi!tfi ~, it I--­

:;.,, -t-Jvlsi!tfi O)m-1 OOfflIJteIDrot ~ ttt.:: 7-1:-/v 7 Y ..AE}i'~'E!t~'IJ~ 6 /J:. 6 m-1 0)5iEJi·~f:ffi ~ 
, fflrnc I---:;.,, -t-Jvlsi!tfi O)m-2 m,iIJteIDrot~ tit.:: y=c Jv7 Y ..AE}i'~'E!t~'IJ~ 6 /J:. om- 2 0)5filltil 
'~fffi ~ , ~ 1r-r o EisrC 1---:;.,, -t-1vffl-i:rttm--c &!) -:::> -c, miicM g o c 1 o o ) fi O),fui,ll*-r 
fi#u ~ miicY -1=;1,,7 Y ..Altil'~-i:r~n~ 6 /J:. om- 1 Xr'im- 2 0)5filEli'~fffi ~ 0) 7 .:r.Jv ~ ifHtO)fm 
O)~~~fl CI---:;.,, -t-Jvlsi!fO)i% ~) ~ •fr-BHte:8~t olllUt!UFl/J:.flJ: !-J 'ti&< LJ.::.:: ~ ~l~ 
~ ~ -r o ~tfrtn:*rntt¾ftt ~ tt o 0 

(~Bf.I O)~:/J:~J 
(0 0 1 3) 

2js:~Bme J: t1 f :f, vt~ 0) TM R *T tc l:t « -C :::k ~ /J:. EJisrCtfrf1i: ~ f~ o 2: ~ iJt--C ~, TM R 
*rO)tf:l::fJmEE~:::k~ < 9 o 2: ~ iJt--C ~ 00 VI:-::> -C, TMR*r~ Jf}Pf.::MR AMO)r%~ 
fl1tnt~~ re /J:. 6 ~ v \ 'J ftJ,~'/Jt&!) o 0 

(~Bf.I ~*nt!19 o t.:: l'1> O)~~O)ID~] 
(0014] 

2js:Bf.l*ffi~re :8P -C ffl Pt.:: •*6Hre:8 it o r1_i1Ut:!UfJ/J:.flJ ~ 0) mi1:H'i, ~*l7tmr:5t76 
O)*!t'IJ~6ttU'!IJL,t.::fl--C&!)o ($~>Clfix: W. Wulfhekel, et al.: Appl. Phys. Lett. 78 

(2 o o 1) so 9. ) 0 .:: 0) J: 'J 1J:. ik:~--c r'i, ~.Xffl"?~r.X~113ntr~ ~ 1v ~·m Plllttiun /J:. 1Jiff.fi 
HM go 0) 1---:;.,, -t-Jvlsi!fO) J:J!Hl ~ g 7 .:: ~ iJt--C ~ o t.:: l'1>, Il:t:!',lfJ/J:.fl ~ P 7 ffli-ff ~ ffl P 

(0015] 
~Bf.lO)*nt[O)ID~tc""J t-\ -C~Bf.19 6 lft]tc, ~Bf.lWO)'.fr-:::> t.::~~tc-=>t- \ -C~Bf.l ~fr 'JO M 

T J O)EjisrCtfrf1i: (MR) l:tr'i, l,,j -r O):a;--C* ~ t1 o o 
~R/Rp= (Rap-Rp)/Rp 

2: 2: --C, R P & ~ R a P f'i, 2 "J O)mt.iO)E}i1tiJt¥fr ~ fx¥1TO)~'E!t0) I---:;.,, .:z-Jvffl-i:i'tfr 
f1[--C&!) Go J u 1 1 i r e 0)0,::a;te J:ttr:f, {&f'C{ 7 A mEEte:8it oMRH:J'i, i1-r 0) J: 
'J re*~ tLoo 
MRl:t= (Rap-Rp) /Rp=2P1P2/ (l-P1P2) --C&!)UJ, 
Pa= (Dai (Ep) -Dal (Ep)) /(Dai (Ep) +Dal (Ep), a= 
1, 2 (1) 
~*~tLoo 

(0 0 1 6) 
2:2:--C, Pat'i, mr0)..AE:;.,,:5}t.i*--C&!)UJ, Dai (Ep) ~Dal (Ep) ~f'i, 

-z-tt:f!tt, ~AE//'\/F~j,'~..AE//'\/P'0)7.:r.Jv~.::C.,:Z-Jv::¥'- (Ep) tC:8lto 
ik:~*& (Dens i t y of state : DOS) --C&!)oo 5iEJi'~~~~wi&~'E!t 
~O) A E:;.,, O){llfflffif'i O. 5 J,,J-r--c &!) of.:: l'l), J u 1 1 i r e 0)0,::a;re J: tl,f:f, ~ 'b 1% Pff[ 
'.iEM R l:t ~ L, -C 7 0 % iJt-f'JIJ ~ tl, o 0 

MT J *T~7-l=Jv7 y ,AO)A 1 -00) r-:;.,, ,:Z-Jvlsi!t~:?Gff.BHmt.i~ ~fflt,\""(f1='Jvt9 o 
~' ~ii'@.--CO)MRl:t~ L, -c~ 7 0 % ~ p 'J fliJ 1f~ 6tt-C Po iJt, D RAMi[O)tf:l::fJmEE--c 
&!) o 2 0 0 m V ~f~o O)f'i. L, <, J:.~O) J: 'J tcM R AM*f,l0)},f9 o f1t1,~,~~ /J:.-:::> -C P 
00 

(0 0 1 7J 
~Bf.lwr'i, ~1t'"'< 7''-t-1/ 9 A 0)1Jiff.BH c 1 o o) &!) o Pt'i c 1 o o) ff.flHOOnt1'~5'cicftil 

L,f.:::?Gff.fiHMgO~ f---:;.,,_z-;t,,lsj!f~ l,,-CfflPt.::MT J ~Jvt*907:1t:1-T~~,7;--CP0 
0 iiE*O) 7-l=Jv7 7 A 0) 7 Jv ~ -rlsi!t ~ r'i~/J:. I')' ~1t'"'< 7''-t-1/ T7 At'iff.BH (l!Rrntmffi!U 
iE L, < icJU L, t-= !lo//ff) --c &!) o t-= l'1>, mr ntW{t.L ~ tt --r, mr 0) ::r 1:: - v :;.,, 1---ik:~nt 1---:;.,, -t­
Jv~f~ 0) :8 P -C *# ~ tl,6 2: ~ iJ1-f'JIJ~ tLoo CR! 1 f'i, ***O)ID~t-= J: oMT J *Tlffl 
m (CR! 1 ( B) ) ~, 5filEli'~f:f~wi--C&!) o F e ( 1 0 0) O).:r._:z-Jv::¥'-/'\:;.,, P'tfflm~JF9 
CRI--C &!) !-J, ~~g;gfm 0) [ 1 0 0] J'J[ti] tc}-;f9 o E - E F 0) ~1*~7F9CRI (CR] 1 ( A) ) --C 
&!) 0 0 CR! 1 ( B) te7F9 J: 'J te, ***O)ID~t-= J: 0 MT J *Tlfflmf'i, m-1 0) F e ( 1 
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00) fil ~, m20JFe Cl 00) fi5~, 2:ti60JfYHc:eJt¼titc$.~HMgOx Cl 
o o) fi ~ 0 Pfi c 1 o o) ~Htffintflf5'cffic[ti] L-t-=~*ff HM go x co< x < 1) fi 3 ~ 
, ~ 1J L, -Cf'/§ Jvt ~ ti -C It\ 0 o J:. ic J u 1 1 i r e OJ -=t-:r JH C J: ti tf, ~ iJ m~ OJ -=t-~ Y !l 
AiJt r- Y .:t-Jv'70 t A$ tc;BP -C ~ff~ ti0 ~ T 0 ~, Mg O ~~T 0 r- Y .:t-JvmmUi 
r- Y .:t-Jv~~ic½~~1J[o] Cfl'El'~tffitct-tT 0 $¥f1J[o]) OJ~~~ :7 r-Jv k z ~1:fT 0m 

~;ot:szfficlf}tc~00 CK!l CA) tC:,r;:T[l 00] Cr-H) jj[o]tc;B~t0FeOJ:r...:t-Jv:¥­
/'\ Y FCKI tc J: tit!, 7 ,:x.}v ~ $1.tl. E F tc ;B ~t 0 ~17\t.~& CD O S) fi, ~Al::" Y ~ :],,'-~ 
Al::" Y OJ-lj-:f,1'{ Y FiJt7 ,:x.}v ~ $1.tl.E F tc:BP-C~@~iJ L, -C P0 t.:: fl), .:z-tiri ~~ t'a'J P{Fml 
ffi$ ~ :,r;: ~ ~ 1r "◊ L, n,. L, ~ nt 6, m~OJ ::r e - v ✓ r-~@nt r- ✓ .:t-Jv~f¥OJ :B 1r-. -c ~ff~ 
ti0~'E1'tCfi, ~~tc½~~wu,c~ l,,-C r- -!l Jvtc~-tt#~~,11~~~1:fT 0fiiJm~O)<ij. 
iJt~~ffl:t~tc:Bit 0~@~ ~WL,, ~0~Ji:OJ r- Y .:t-Jvutl$~t~--:::>-:: ~ tc~00 CK! 1 CA 
) tc:,r;:T J:? tc, ~A 1::: Y 1::.. 1 ,1'{ Y F C*itl) iJt7 ,:x.Jv ~ $1.tl.E F tc~@~iJT 0 iJt, 
:],,"~Al::: YI!.. 1 /'\ Y P' C-Ii&'.¥1) fi 7 ,:x.Jv ~ $1.tl. E F tc~@~1:f L, ~Po 2: OJ J:? ~ F e I!.. 

1,1-{y P'OJ,1,-7 ~ !l JvlfJ~l~ID:tc J: ':J, :;p'mfCt'a'JPMRJ:tiJt::r e- v Yr- ~A l::"Yilifflffi 
r-Y.:t-Jvtc:BP-C1~Gti0iiJFi~f'!.nt~00 :r..1:::!l~1/-\7Jv C$.~H~0P,i c 1 o o) ffic 
[ti]~*ffH) OJMT J ,i, r- Y.:t-Jv~f¥$tc:B~t 0m~OJfft.LiJtfflHl,U~ti0fcfi>, J:.icOJJ: 
7 ~ ::r e - v Y f--~ r- Y .:t-Jv ~ *flT 0 tc fi> tc ,iI.l1Ul1tlfJ-c: ~ 0 ~ ~ ;t 6 ti0 o 

(0018] 
J,j T, 2js:¥e,BJ=} OJ m 1 O)** O)~@i c J: 0@im~t:,t*~ & ~ -i" OJIYmn$ ic--:::> P -C CK!tffi ~ 

$YijL,--:::>--:::>lmBJ=}~:fr7o CKl2 CA) iJ,.GCKl2 CD) ¼-c:,i, 2js:¥e,BJ=}OJ*m!IOJ~@tcJ:0 F 
e C 1 O O) /Mg O C 1 O O ) / F e C 1 O O) 11m ~ iJT 0 ~t&tn:*~ CJ,,J T, r 
F e C 1 0 0) /M g O C 1 0 0 ) / F e C 1 0 0 ) MT J J ~ t#T 0 o ) OJffiYm.If¥ ~ 
~5-:\lfJ tC:,r;:TCKI-C:~ 0 0 F e C 1 0 0) ii, BC cttm~1:JT 0 5§i@i'f'!.1*-C: ~ 0o ¼ 9\ 
$.~HM g O C 1 0 0) ~;ffi 1 1 ~$fJmL,, MB E $ C7t~¥f:r.. l::" !l ~1/-$) tc J: ':J, 
$.~HMgO (lOO)~;ffillOJ*ffi]OJ-=t:-7~t:11/-~~~T0fcfi>, MgOClOO 
) 1/- P'fi 1 5 ~ mt* T 0 o W,ffi L, -C, CR] 1 CB) tC:,r;:T J: ? tc, 5 0 n mW:OJ:r.. l::" !l ~ 
1/-\7JvFe Cl 00) T"i'i~m;t.i Cm1m;t.i) 17~Mg0 Cl 00) 1/-Ffil 5J:.tc~ 
i.'ffi. -c:mt* L,, ~P -c:, JE!it'a'J~~T ( 2 x 1 o - 8 P a) tc;B1r '--C, 3 5 o °C -c: 7.::::..- Jv~ 
1T 'JO f6j, m~¥l~=fffC:Blt 0*1tf:ri, :/Joilmffnt 8 k v-c:~ ':J' nx;*Jll_!tiJt O. 0 2 n 
m/ft, nx;*i.'ffi.l_!tiJt~i.'ffi. C 2 9 3 K) , 'I-A~ L, -Cti1t.~J;.~iillfl~nx;OJM g O CM g ~ 
0 ~ OJ J:tiJt 1 : 1 ) ~ ffl P, 'I - A ~ ~ffi ~ OJ fill:!itl ~ 4 0 c m ~ L,, /'\ ''/ :7 !f 7 r) Y F OJ 
~~l_!tiJt 1 X 1 0 - 8 Pa, 0 zj}ff;ot 1 X 1 0 - 6 Pa -C:~0 0 f6j, 1t.~J;.~lfJ~nx;OJ 
MgO CMg~O~OJJ:tiJtl: 1) OJn;;b':)tc, O:.Xtffit~1JT0Y-A~rJ!fflT02:~B 
iiJ Fi~'"<:~ 0 0 

(0 0 1 9] 
CKl3 CA) ,i, 2:0J~OJFe Cl O 0) T"i'i~mt.i Cm1mffi) 1 70JRHEED-1' ~-

1/~:,r;:TCRl-C:~00 CK! 3 (A) tC:,r;:T J: 7 tc, Fe C 1 0 0) T"i'i~~.i cm 1 m,t.i) 1 7 
,iRYf~fffH•f'!. ~ ¥:1:!!'f'!. ~1:f L, -c P0 2: ~ ~:,r;: L, -c P0 0 ~P-C:' CK! 2 CC) fC:,r;:T J: ') 
tc, 2 n mW:OJM g O C 1 0 0) /'\ !J Yfi 2 1 ~Fe C 1 0 0) T"i'i~m1.i Cm 1 mffi) 1 
7 J:.tc~i.'ffi. -c::r..1:: !l ~1/-\7 Jvnx;*T 00 2: OJ~i>, Mg O OJm~ t::-A~=ff$~ ffl1t '-f.:=o 

CR] 3 CB) ,i, 2: OJ~OJM g O C 1 0 0) /'\ !J Yfi 2 1 OJ RHEE D-1' ~ - 1/ ~:,r;:TCRl-C: 
~ 0 0 CRl 3 CB) tc:,r;:T J: ? tc, Mg o C 1 o o) ,1'{ !J 7 fi 2 1 i> RYf ~*ff H'f'!. ~ ¥:1:!!'f'!. 
~1:}L, -CP0 2: ~ ~:,y;:L, -CP00 

(0020] 
CKl2 CD) tC:,r;:TJ:?tC, MgO Cl 00) ,1'{!)7fj2 lJ:.tc, ~i.'ffi.-C:W:~ 1 OnmOJ 

Fe C 1 0 0) J:."i'i~m,t.i Cm 2 mffi) 2 3 ~~nx;L, f.::o W,ffiL, -C, 1 0 n mW:~ OJC o Ji 
2 5 ~Fe C 1 0 0) J:."i'i~mt.i Cm 2 mt.i) 2 3 J:.tc:ltff L, ko Co fi 2 5 ti, J:."i'i~mt.i 
2 3 OJ~t~JJ~t'a'Jfi>0 2: ~ tc J:-::;, -CJ.x¥:fr@i1t.ffictil~*flT 0 fcfi>OJB 0)'"(:~00 ~P-C: 
, J:.icOJ1-'fJvt~j~~~¥!H:/Jo.I L, -CF e C 1 0 0) /Mg O C 1 0 0) /Fe C 1 0 0) M 
TJ*~~~nx;T00 
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(0021) 
J:.icE B tc J: GM g O~~tt, 1 0 - 9 To r r O)Mrmffi!g;g~@"<:nx;Jm~fr-:::> t~o :.::.. 0) 

1ti~"<:tt., ,WU;U:f:JJ7 ;i_£ifJxJ:JC 3 0 0 n mO)nx;Jm~iT-:::> t~~'Ei''<: t,, m~Bij'(:~ l-J, 
~ttr/J: •ta HJmnt%nx: ~ ti -c It\ G :.::.. ~ tJtvtJ~ GO cm 4 tt, Mg o nx:*~'c i> lt G im:m:t.iM 
ass 7-~!7 r-JvO)IJl.iU*6*~~9[R]'<:~Go [R]4 tC~9 J: 1 tc, 00)7-~!7 r-JvP l ~ 
o 2 0) ;i_ ~ !7 t-Jv P 2 ~ tc ~9 G nfEiJtrm P:.::.. ~ iJtviJ~ GO cm s fi, Mg o ~~$ O)J!'fK* 
:5tfEO)Jm:liUfil&*t¥~~9[R]'<:~Go CRl 5 ,c~9 J: 1 tc, ~:5tfE§f:fiJtiJ~IJ: l-J rmP:.::.. 
~, :LiUtil& ~ ~ B tcl"fK*:5tfEB rm< /J: G:.::.. ~, /J: ~'[i, Mg O O):LiUte~~Hci>lt GM g 0 
•*aHiJ~ 6 O)~O)Jtt]m~~ajt9 GB O)"<:~ l-J, Mg ox ( o. 9 < x < 1) 0) J: 1 tcl"fK 
*XffiiJt~ t: -c 1t \ G tiJ Fi~f1:iJt ~ Go J!'fK*X:f'JliJt~ t: G ~ M g o I--:,,, -::t-Jv Pl!! 0) rm ~ iJt{& < 
/J: G ~ W ;t 6 ti ( ,WU;t f:f, 0. 1 O,...__,O. 8 5 e V, J: l-J ~$*HHc fiO. 2,...__,0. 5 e V O)ji!(!IHkJ) , :.::.. ti 
tc J: l-J, r- Y-::t-JV~m[iJt~:fJ□9 GB 0) ~ W3t. 6:hGo Nti, ~~lf}IJ:A 1 -0 r- Y-::t-JvP1i!t 
O)~'Ei'- Fe (1 o 0) ~O)m]O) I--Y-::t-JvPl!fO)rm~fi, o. 7,...__,2. 5 e V ~W3t.6tL 
Go :.::.. ti tc lt L, -C, M g o *6 Hf iil:t!tlfJ /J: I--Y -::r-Jv Pl!t 0) rm~ fi 3 . 6 e V '<: ~ l-J , *~ 
ff~ L, -C fi O. 9 ,...__, 3. 7 e V O)ffiJtf~ 6 ti -C PG o ***0)%@tc J: G JJ$ ~ ffl PG ~ 
, o . 3 e v f.¥& 0) I--:,,, -::r-Jv Pl!t 0) rm ~ iJtfftu:: ~ ti, I--:,,, -::r-Jv Pl!t 0)-f,&tfrfJt 11::iJttiJ Fi~'<:~ 
G :.::.. ~ iJt;b tJ~ Go 1!! L,, -z-O)ft!!.O) ~(lg, 1,IJ ;t f-;fffiJ:i£ 0) ::r l:: - v Y I--/J: r- Y -::r-Jv O)~fl t> ~ 
ii L, -c p G tiJFi~f1:iJt~ GO Nti, J!'fK*XtJlt;:£-5 <Mg OX 0) X O)f([ ~ L, -c fi, 0. 9 8 < 
x < 1, J: l-J tlr¼ L, < fi 0. 9 9 < x < 1 f.¥&'<:~ l-J, Mg .lfO) J:? 7J: B O)!i11¼tL 9 
, M g O O)t~•f1:_iJt£2js: If} tc f i;ltf~ ~ ti G ii!lm '<: ~ Go 

(0022) 
CR1 6 !i, J:.icO)JJ$tc J: l-J ~m L, k F e ( 1 0 0) /Mg O ( 1 0 0) / F e ( 1 0 0 

) MT J *-=f 0) A!f'l If] IJ: ~tfrfJtBiI*l ~ ~9 CR1 '<:~Go iUJE'.w!& 2 0 K tc i> 1t \-CM R l:t 1 
4 6 % '<: ~ l-) ' iuJEwa& 2 9 3 K 'Ci> p -c MR l:tf i 8 8 % '<: ~ -:::> t~ 0 :.::.. O)f@. [i, Ijl,:(± ¼ '<: 
tc~wa,ci,1t\-Cf~6;ht~~BrmPMRl:t'<:~Go :.::._O)J:? lJ:rmPMRl:t!i, Fe ( 1 0 0 
) mffiO) 7- ~ Y :5tffi$ tc J: -:::> -C meJ::19 G :.::._ ~ !i '<: ~ 9, <fr l, 0, ::r l:: - v Y r- 7J: 7- ~ >ffi 
ffir-Y-::t- 9 Y::~t'tc~:il9G ~W3t.6tLGo 1 6 00)MT J*-=f~lliflfL,kta*, MRl:t~ 
r- Y -::r-Jvtfrf:1[ ff~ ,c ~ 9 G f :f 6 -=> ~ f i, 2 0 % !,,jJkJ '<: ~ -:::> t~ o MT J O)~~ ¼ l-J B *149!~ 

~~'<: 9 0 %t1J:. '<:~-:::> t~o :.::.. 0) J: 7 7J:rmlt\{@.!i, 2js:7--;fo-+O)if?l1J 1f1:~JFajtl, -Cit \G 
o MTJO)tfrfJt-,:r..97ff (RA) fi, 1&:k.Oµm2"<:~l-J, :.::._O)ff!i, MRAMtc~L, 
t~ft '<: ~ G 0 

(0023) 
CR17 (a) fi, ~watci>lt GMRl:tO)/'t--{ 7 :z_ mJ±*t¥'f1:.~JF9CRI'<:~ Go CR17 (a) 

tCJF9 J: 7 tc, M RJtO)/'t--{ 7 7-mfE*t¥'f1:fiiJ~IJ: l-J {&P:.::.. ~ iJt;biJ~Go jpJ,fft/J:t~•f1:_ ~ 
~9;1J\ M RJtiJt¥iJot9 G mfEV h a 1 f !i 1 2 5 0 m V ~ P? jp';<jnc rm Pff;!Jt~ 6 ti -C 
PGo Nti, tiE*O)A l -O*tci>ltGMRJt0)¥iJot9GmfEVha 1ffi30 0,...__,6 0 0 
m V'<:~Go [R] 7 ( b) tc, MT J O)tfj::1JmfEV out fi ( =/'t--{ 7 :z_m)±x (Ra p -

R p) /Ra p) ~JF9 o tl:l::1JmfEV O ut O)~::;kfffi~l~lj-t--{ 7 7- tci,lt \-C 3 8 0 m V 0) 
ff;!Jt~ 6 ;ti -C PG o :.::._ O)f@.fi, A 1 - 0 /'\ 9 7 O)~'Ei'O)f([ ( 2 0 0 m V) O)~ 21t}O)f([ '<: 
~Go :.::.. 0) J: 7 tc, MR l:t ~ tl:l ::1JmfE ~ 0) 1ffiJJJ'<: rm 1t \ffiJt1~ 6 tit~:.::.. ~ fi, **Mli0)%@ 
tc J: G t:z:tltrO)if?l1J'f1: ~JF L, -c It\ GO 

(0024) 
Nti, J:.ic*nt[O)%@tci,1t\-Cfi, BCCO)Fe (100) ~ffllt\t~iJt, fthl-]tcBCC 

0) F e *'Ei'~, ,WU }t f:f, F e - C o 'Ei'~, F e - N i 'Ei'~, F e - P t 'Ei'~ ~ ffl It\ G :.::.. ~ 
B '<:~ Go ~Pfi Fe ( 1 0 0) Ji~ Mg O ( 1 0 0) Ji~ O)m]tc, 1 J]{-=ffi)Zfi1&:ffi-=f 
Jif_¥J3tO)W:~ O)C O, N i 7J: ~•~ff)\_ l,-C B~Po 

(0025) 
{X tc, 2js:¥e;BJ::I 0) m-2 O)*nt[ 0)%@tc J: G ~tfrfJt*-=f Bz ~ -z-O)~mJJ$ tc-:> It \ -C mef.l ~ 

iT?o 2js:*nt[O)%@tcJ:GFe (100) /MgO (100) /Fe (100) TMR* 
-j'-O)~mJJ$'<:fi, ¼ 9 7-/\ '>' ~ 9 Y '.~1'$/J: ~·,c J: l-J Mg O ( 1 0 0) ~:$*6H ¼ tdi 7 
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-=t-Jv7 Y ;A.if\@~:liUf L,, -z-v':>t~tc 7 .::::.-JvJl1I.ll!. ~1T? s:: ~ tc J: D C 1 o o) tffHOOiJt'ffic 
[o]L,tc~tffH¼tdi$.tffH1tT0,~~t~m:~T00 ;A./'\o//:J 9 ✓ :7''*14ri, fU;tf:fo w!& 
iJt'.¥:wa ( 2 9 3 K) ~~ D, /:J-J/ ,1/ ~ ~ L, -Cri 2 ,1 ✓T cp v':>M g O ~ fflP, Ar 'Wlfflsn 
$~ ;A./'\ '1/ /:J 9 ✓ :7''~1T-::J ko 1Joilm1Jri 2 o ow~~ D, rot~il&fi o. o o 8 nm/ 
s ~ ~ 0 o 2: v':>*14 ~:lif:l L, k:. M g O f i 7 t Jv 7 y A if\@~~ 0 tc ~, '.¥:WiliJ" 6 3 0 0 °C 
¼ ~wa&~ J:.~ ~ it, 3 0 0 °C tC:BP-C ~JE!F.fFJ:l~f~~9 0 2: ~ tc J: D, tffH1t~ ,hk:M 
g O ~~0 2: ~ iJttl::l:~0 0 

(0026] 
N6, o :XtJ=l v':>i,J J.-..15$. ~ L, -c ii, rot~R~tc o :XtJ=liJt1:: t 0 *14 ~rot~~ 1r? 15$., o X 

tJ=l ~t~iJ" 6iJA T 015$., o :XtJ=lv9~ 0 lk@iJ" 61§Uxr:f~*77 :X"<'Jl1I.ll!.)Oi § ?t~1t/J: 
~·ic J: D fflt1t~1T-::J -c ~ 0 f¥&v9 o :X~¼ ~Wi'Il~T 01i$.v':> 1t '-9,h~ ffl 1t '--C 't ~1t "◊ 

(0027] 
J,jJ:., **ti'tEv9M@tc J: 0 wisntfrf1[*-=ffx~rtc J: tir:f, ;A./'\ o/ /:J 9 ✓ :7''$. ~ ffl 1t "-c 7 -=t­

Jv 7 7 AM g O ~:ltf:l L, t:::.t~ic 7.::::.- JvJl1I.ll!.tc J: D *6H1tT 0 k:. ~- -t-tiri ~'*iJtiJ'> D iJ: 
~iifiJt&,,~/J: It\~ It\ 'J ftJ,~iJt~ G 0 

(0028] 
~tc, ::zls:¥£BJ=}v9*mEv9M@v9~M1'Utc J: Gtiisntfrf1[*-=ftc-=> 1t '--CLKl00~$Y~ L,-:>-:>~BJ=} 

~1T?o rKI 1 1 fi, ::zls:¥£BJ=}v9*1n!iv9M@v9~M1'UtcJ:GMT J v9*-=t'-1$lm~7FTLKI~~ D 
, rKll (B) tct;ffiGTGLK!~~Go rKll ltC7FTJ:?tC, **1nliv9M@tcJ:Gltiisntfrf1[* 
-=ffi, J:.~c*in!iv':>M@tc J: Gltiisntfrf1[*-=f ~ [o]:;f-ftc, $.tff HM g Ox ( 1 0 0) ~ G Pfi 

( 1 0 0) *6HtffiiJt~'ffic[ti]L,fc~:XtJ=l~tffHMg Ox (O<x< 1) Ji 5 0 3 tcx-;fL, 
-C ~lt 6 ,h G m;t.i ~ L, -C, 7 t Jv 7 y A iJi@i'f4.'Ei"~, fU X. fj: C o F e B Ji 5 0 1 , 5 0 5 
~fflPfc:,~tct~m:iJt~Go 7-=t-Jv':7 7 .Ai}i@i'l4.'Ei"~fi, 1§U;tf:f?A~$.~Pfi;A./'\,';/ /;J 9 ✓ 
:7''$.~fflP-CMrottiJFit~~Go t~6titd~,14.~rim-1 v9*1n!iv9M@v9~'Ei"~ Fif~[tl]:;f-f~~ 
Go 

(0029] 
t'iiJ, 7-=t-Jv':7 y ;A.@i'l4.'Ei"~tC-=>P-Cfi, 1§1J;tf:f, FeCoB, FeCoBSL FeCoBP, FeZr, Co Zr 

iJ: ~•~ tt)PG 2: ~ l:J ~~Go 
(0030] 

J,JJ:., ***v':>M@tc J: G~tfrf1[*-=ftc-=> 1t '--C~BJ=} L, f:::.iJt, ::zls:¥£BJ=}tt s:: ti 6 tctU~N ~ 
tiG l:J v':>~ri/J:lt '-o ,z-v':>t@., f.l 17 v':>~J!, c!{~, m'1;l-'Ei";bitiJttiJFit/J: 2: ~ fi~*~tc § BJ=} 
~~0? o fU;tf:f, Mg OJitcfflt*X~~iJA T Gft;b D tc, 1§1J;t_f:fC a~ s r ~ F-l::: 
✓ :7''--t G s:: ~ ~ ~ ✓ .t-Jv Pl!! v9 im ~ ~ Wi'Il~T G 15$. ~ ffl P -C 't ~Po ¼ f:::., M g o Ji v9:lt 
f:l15$. ~ L, -c, m-=f l:::'-,A?A~$.)Zfi;A./'\ ''/ /:J 9 ✓ :7''$.~{§Utc L, -C~BJ=} L, tciJ\ ,z-v')t@,v') 
:ltf:l$. 't il!iffltiJFit~~ G 2: ~fig 'J ¼ ~ 't iJ: Po ¼ tc, im1!g;g ~ v9 ffl~{Hi, f§U;tfj:~~ 
iJA L, iJ: P~'Ei"tC :BP-C, :ffli;p 1 0 - 6 P a J,j T v':>fl ~ffi L,, ~ 15, fflt* ~f:l1.ilfJ tCiJA 
TG~'Ei"~'t, 1 o- 4 P af¥&v9fl~ffiTo 
r ~* 1:. v') fl J m aJ Fi~l4.] 

(0031] 
MR AMv9tl:l1JmfEfliJt{ft~v9~ 2 ftHc[o]J:. L,, ~j:Jl:: ,1/ ~ ~v':>Jf!iim;~U:lMR AMtcil!f 

L, t:::.1$lm ~ 1J: '? -c It" G 0 

( LKIOO v9 M $. iJ: ~ BJ=}] 
(0032] 

(LKI 1] 2js:¥£BJ=}v9m-I v9*1n!iv9M@tc J: GMT J *-=f1$Jm (LKI 1 (B) ) ~, iJi@i'l4. 
W~~~~G Fe ( 1 o O) v9:c.;z-Jv~-/'\/ F1$lm~7FTLKI~~ D, ~1&g;gfmv9 [ 
1 0 OJ -Jj[ti]tct;f9GE-Epv':>lffl1*~7FTLKI (LK! 1 (A)) ~~Go 
(LKI 2] rKI 2 (A) 7J" 6 rKI 2 (D) ¼ ~fi, 2js:¥£BJ=}v9*1n!iv9M@tc J: G Fe ( 1 0 0 

) /Mg O ( 1 0 0) /Fe ( 1 0 0) 1$lm~1fT G@isntfrf1[*-=f (J,jT, r Fe ( 
1 0 0) /Mg O ( 1 0 0) /Fe ( 1 0 0) MT J J ~~9Go ) v9ffl!lm.If¥~~ 

:i:\lfJ tC7FTLKI~ ~ G 0 
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[cm3] cm3 CA) ti, Fe Cl O 0) T1i~m;t.i Cffi"lm;t.i) O)RHEED,1 ~-1/ 
~~--tcm--c~~, cm3 CB) r-i, ~O)~O)MgO Cl O 0) /'\97fiO)RHEED,1 
~ -1/ ~~--rcm--c ~ 0 0 

[cm 4] Mg O rot~IF-ftC:8 ~t 0 lm~J.iM a s s :;i...r::..!7 1--JvO)~j{U*a* ~~--rcm--c~ 0 

[cm 5] Mg O~ifq:tO)~*jtfEO)}Ji1:fUf~ffit¥~~9cm--C~00 
[ cm 6 ] F e C 1 0 0 ) /M g O C 1 0 0 ) / F e C 1 0 0 ) MT J *-=f 0) Jttl:!f'l tf'] iJ: 

11il5?\tf\;f1DiiJ~i ~ ~--t cm--c ~ 0 o 

[cm 7] cm 7 CA) r-i, ~Uii'r.t.:.i3,t 0M Rlt;O)/'\,{ 7 A mEEffit¥'f4. ~~--rcm--c~ 0 0 
cm 7 CB) ti, MT J O)tti:fJmfEV out fi C =/'\,{ 7 7-. mEEx CR a p - R p) / 
Rap) ~~--tcm--C~00 
[cmB] TMR*-=j'-O)fflm~, ~O)~~~a~~--rcm--c~00 
[cm 9] MRAMO)~*t'lmftl~~9cm--C~ ~, cm 9 CA) ~iMRAMO)r,lmcm--c~ 
~ , cm 9 c B) fi~:i:\in IJ:@I~fflrotcm--c ~ ~, cm 9 cc) fi, ttmtu ~ ~--r11rmcm--c 
~00 

[ cm 1 0 ] 7 t Jv 7 7 7-. A 1 - 0 ~ 1--::,,, -:Z-Jv ~If ~ L, f:::. iit*!f'l TM R *-=f O)t/il5?\tf\;f1i: 
0) EP:fJ□mEEt.: J: 0 ~1t~~--rcm--c ~ 0 0 

[cm 1 1] *~BJ=jO)~fft[O)~~O)~~f!H.: J: 0MT J O)*-=ft'lm~~9cm--C~ ~, cm 
1 CB) t.:t;ffit--t0cm--C~00 

[M~O)~BJ=.I] 
[0033] 

1 ···ffi"l O)Fe Cl O 0) fi, 3···-*aHMgOx Cl O 0) ~0P~i Cl O 0) *aH 
ffijiJt~ijc[ti] L, f:::.:$-*amiM g O xfi CO< x < 1) , 5 ···ffi" 2 0) Fe C 1 0 0) fi, 1 1 
••• •*amiM g Ox C 1 0 0) ~ 0 Pfi C 1 0 0) *amimnt~"ffic[ti] L, f:::.:$-*amiM g Ox~ 
*Ix C o < x < 1 ) , 1 5 • • • M g o C 1 o o ) 1/ - F fi, 1 7 • • • .:r. 1:: ::9 :\7-1/ -y Jv F e C 1 o 
0) T1i~m;t.i Cffi" 1 m;t.i) , 2 1 • • • M g O /'\ 9 7 fi C 1 0 0 ) , 2 3 • • • .:r. 1:: ::9 :\7-1/ -y Jv F 
e Cl O 0) J:.1i~m;t.i Cffi"Zm;t.i), 5 0 3···•*5miMg0x COO 1) ~0P~i CO 0 
1) *amiOOnt~ijc[o]L,k.:$-*5miMgOxfi CO<x< 1), 5 0 l ···YtJv7y:7-.i}i11il 

'f1:.~t.:J:0T1i~mffi cm-1m;t.i), 5 0 3···Mg0/'\9Yfi, 5 0 5···7t}V77A5itlil 
,r1:.~,.: J: 0 J:.1i~m& cm-2 mt.i) 0 
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(~,m: 1?r] CKIOO 
(CK! 1 ] 

(A) 

(B) 

,,--... 

> 
Q) 

...___,. 
llJU. 

I 
llJ 

1.5 

1.0 

0.5 

0.0 

-0.5 
r 

5 

3 

1 

•• ♦ 

··~ :: A I 

••••••• 1-.. . ... . . . . . . . . . . 
\ . .. . . 

.. . . . . . . . .. . . 
: . : . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . 
X . . . . .. ~ . . . . . . .· . 

. .. . . . . . . . . . . . . 

[ 1 00] JJ fi:i1 

Fe(100) 

MgO(100) 

Fe(100) 

Fe 

H 
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(A) 

(8) 

(C) 

(D) 

MgO(100)¥ffi 

7.=.-Jt.,(350°C) 

15 MgO(100) 

'1/-i-:M 

-- -11 

- - 17 Fe(100)""Ftffl'ii.fi@ 

t:=======================~:t--------15 (50nm) 

--
i----,.___..-

-

,---...._ 

21 MgO(100)1\ 1)7~ 

17 (2nm) 

15 

1 1 

i=========.:::.:::.:::.:::.:::.:::..:::..:::_-_-_-_-_-_ -_ -_ -
7

_::i--,. ______ 2 5 Co~ ( 10nm) 

-•- - - 23 Fe(100).J:. €$'ii~ 

t:=======.:::.:::.:::.:::.:::.:::..:::..:::..:::_-_-_-_-_-_ -_ -
7

:::i-----.,__ _____ 21 ( 10nm) 

- r--,.._.--- 1 7 
- - 15 

-- -11 
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([Kl 3 ] 

(a) 

(b) 

WD EX1004 
Western Digital v IP Bridge 

Page 115



(LKI 5 J 

4. Ox 1 o-s ,------,-..-, -----.--..-----,--,----..-----,--.----.----,---.----r-,--,---.---,-.----,,.-----.---_, 

3.0x1 o-s ~ 

=! 
ro 

.....__.. 
a.. 2.0x1 o-s '­

I±! 
"" (R 

I 

1.ox10-s 

P1 

I 
0 0 

0 
;.. 

z 

d''~P2 

- : B.P.(1.0X10- 10Torr) 
C=:J: MgO depo.(6X10- 9Torr) 

0 b.O "" 
"" :E 0 

I n 0 
0.0 ........... _.L..ctJl_,..fLW,,t,J71.L..L.....J'lll.bf:kjLl,dc..Le..l__La._J•□~--•L__.___j•L___.___J•L..___.___J 

10 20 30 40 50 60 70 80 

~;~ 

Mass.A~? 1----J~ 

7.0x1 o-s 

6.0xlo-s 

,,..-.. 5.0x10-s 
=! 
aJ 

..__, 4.0x1 o-s 
0.. 

I±! 3.0xrn-s 
(R 

2.ox10-s 

1.0xl o-s 

0.0 
0.0 0.5 1.0 1.5 2.0 2.5 

tlff~ffl:C A/s) 

MgO~~c:p O)fflt~~'ff 
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6500 ~-r-~----.-----.---,,---y---,--,----.-----.--,r-....----.-----.-----.---,-.----...---.----.---,---, 

.---, 
N 

E 
:::t. ...___,.. 

~ 
L.......I 

.,......_ 

...___,.. 

6000 

5500 

5000 

4500 

4000 

~ 3500 
~ 

3000 

2500 

Bias V= 30 mV 
---6--- T= 20 K 

MR= 146 % 

-0- T= 293 K 

MR= 88 % 

2000 L_...l..__.___.___.___._L.__.___.__.____.___."---~_.__.__.____,_----''--.,___.__.___._____. 

-100 -50 0 

it.1-:W,[mT] 

50 100 
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(CR] 7) 

(a) 
90 1.0 

80 
T= 293 K 

70 

..---. 60 z 
"#. 0 ., 
'--"' 50 3 

0 m 
:.:; 0.5 j::j" m 

ll... 40 (D 

a:: a. 

~ 30 :s::: 
::0 

20 

10 

0 0.0 
-1000 -500 0 500 1000 

,,--{7;<..ff V(mV) 

(b) 
400 

T= 293 K 

300 

,.....,_ 

> 
E 

.......... 200 
+-' 
:::l 

-::::,,.o 

100 

1,--{7;<.~J± V(mV) 
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(A) 

t--:.,-t,Jt.,i!f~ 
<M-ft.!fo/J) 

(8) 
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(B) 

(C) 

GND 

t:•yl--f:l BL 

TMR~-r ~ 11 7 

100 
115 / 

111 ~ 

MOSFET 100 

105 
101 
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([Kl 1 O] 

0 
ffii:iJfflff 

;::O)ifitl = /jjjJfflff 

([Kl 1 1 ] 

CoFeB 505 

MgO 503 

CoFeB 501 
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(~,m: :g] ~ifB~ 
(~ifB] 
(il~] MRAMOJ/:B:1Jmfffl~rml'i>6o 
(M~-=t-~] !Ji~~M go C 1 o o) £iflx 1 1 ~lJHJmL, 5 o n mW:OJ.:r.. l:::' ?7 q::..:,,;-v Jv F 

e C 1 0 0) Tfi~mt.i cm-1 ·~:t.i) 1 7 ~Mg O C 1 0 0) :,,;- r'Ji 1 5 J::JC~w! ~rot~ 
L,, U:,:P~, ~rm$!~ c2x1 a-spa) tc;sp-c_ 3 50°C~7.:::=.-Jv~fT'Jo 2n 
mW:OJM g O C 1 0 0) /'\ !J Yfi 2 1 ~Fe C 1 0 0) Tfi~mt.i Cm-1 mffi) 1 7 J:Jc~ 
w! ~ .:r.. I:::'?' q::.. 1/ -v Jv AA~ 9 Q O .:: 0) ~- Mg O OJm~ 1:::- A~:tf ~ ffl pf_: 0 M g O C 1 0 
0) /'\ !J 7Ji 2 1 J:Jc~w! ~- W:~ 1 0 n mOJ Fe C 1 0 0) J:.fi~mt.i Cm-2 mffi) 2 3 
~Jf:;JvtL, tco ~~L, --C, 1 0 n mW:~ OJC o fi 2 1 ~Fe C 1 0 0) J:.fi~mt.i Cm-2 mt.i 
) 2 3 J:.tciiUl L, tco Co Ji 2 1 r:t, J:.fi~mt.i 2 3 OJiJitUlfJ/J:lrJi~~.:r..:,, /'\:,, _7.. 9 6 tc l'i> 

OJ Jx~1-f,@14't;j!ljcim'. ~~I!9 6 tc l'i>OJ B OJ~~ 6 o U:,:lt \ ~, J:.icOJftJvttit~~f¥.&~1JoI. L, --C 
F e C 1 0 0) /Mg O C 1 0 0) /Fe C 1 0 0) MT J *~~Jf:;Jv<:9 60 
(~:JRCKI] CK1 2 
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(~ffi:g] 
(~Iiffi~] 
(tftfj B] 
(~ -c :5'c] 
(JJi40)$:7F] 

( tfjJ!Jiffi~] 
(tfliiE~T ~~] 

*Mctfli_i_E~ 
P04-1160 
f}vtl 6~11,F.l 11 B 
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LETTER-

REQUEST FOR 

CORRECTED FILING RECEIPT 

Commissioner for Patents 
Office of Initial Patent Examination 
Customer Service Center 
P.O. Box 1450 
Alexandria, Virginia 22313 

SIR: 

Application # 12/923,643 

Confirmation # 8219 

Filing Date September 30, 2010 

First Inventor YUASA, Shinji 

Art Unit 2892 

Examiner 

Docket# NAGI-0003/JCM 

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. 

Date: November 12, 2010 
Signed By 

On Behalf Of 
Attorney of Record 

Respectfully submitted, 

Douglas E. Jackson 
Registration No.: 28,518 

Juan Carlos A. Marquez 
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 NO. 38327 

186057:1:ALEXANDRIA 
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✓ 

! UNITED S'Ii\TES PATENT AND TRADEMARK OFFICE 

FILING or GRP ART 

UKl'rF.D STATF.S OF.PARTMF.:>IT OF C:OMMRRCR 
United States Patent and Tradenuu'k Ofiloe 
AddN": COMM!SS!O)-lER FOR PATENTS 

P.O. Box l4SO 
Al=dria, vl@!Ull m1H450 
wv,v;,uspto.gov 

APPLICATION 
NUMBER 37l(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET .NO TOT CLAIMS IND CLAJMS 

12/923,643 09/30/2010 2892 1750 NAGI.0003 16 6 

38327 
Juan Carlos A. Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

RECEIVED 
NO\J OS 20\0 

ST\TES & HAf\B\SON, PLLC 

CONFIRMATION NO. 8219 
FILING RECEIPT 

Date Mailed: 11/03/2010 

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 t!)e results of the examination. Any correspondence concerning the 
application must include the following identification information: th~ 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 receh(ed 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 wlll generate another Filing Receipt incorporating the requested corrections 

Appllcant(s) 
Shinji Yuasa, lbaraki, JAPAN; 

Assignment For Published Patent Application 
Japan SGiinGe and Tet:hnolggy ~enGy and t>Jational Institute\ of /1.di.ianood lnduslrial Soionoo 
and TeGl=mology ~ . (1) Japan Science and Technology Agency 

Power of Attorney: . . . 
Stanley Fisher--24344 (2) National Institute of Advanced Industrial Science and Technology 

Juan Carlos Marquez--34072 

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 intellectual 
property Office that participates in the Priority Document Exchange (POX) program or contains a proper Request to 
Retrieve Electronic Priority Appllcation(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt 
lo elEfCttonicatlyretrieve·the-se-priority do-coments; 

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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Electronic Acknowledgement Receipt 

EFSID: 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: NAGl-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 I no 

File Listing: 

Document 
Document Description File Name 

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

110133 

1 Request for Corrected Filing Receipt 
NAGl-0003-Request-Corrected-

no 2 
FR.pdf 

58f84d44c9aee93944cc81175fb1f47cbfaa 
cfd 

Warnings: 

Information: 
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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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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 

APPLICATION 
NUMBER 

12/923,643 

38327 

FILING or 
37l(c)DATE 

09/30/2010 

Juan Carlos A. Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

GRPART 

UNIT 

2892 
FIL FEE REC'D 

1750 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

NAGI-0003 16 6 
CONFIRMATION NO. 8219 

CORRECTED FILING RECEIPT 

111111111111111111111111]~!1]!~1!~1!~11~!~! ~IH] 111111111111111 IIII IIII 

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, lbaraki, 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 (POX) 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 US PTO 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-HAL T (1-866-999-4158). 

page 2 of 3 

WD EX1004 
Western Digital v IP Bridge 

Page 133



GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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 

A lication # 12/923,643 
Confirmation # 8219 

Filin Date Se tember 30, 2010 • 
First Inventor YUASA 

Art Unit 2892 
Examiner 

Sheet 1 of 1 Docket# NAGl.0003 

U.S. PATENT DOCUMENTS 
Exam. Document No. Publ. Date Name Relevance· 
Initial* Number - Kind Code MM-DO-YYYY Patentee or Aoolicant Passaoes/Figs. 

200910324814A 1 12-31-2009 Parkin 

FOREIGN PA TENT DOCUMENTS 
Exam. Country-Number- Publ. Date Name Relevance Translation 
Initial* Kind Code If known MM-DD- Patentee or Applicant Passages/Fi 

yyyy 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 I I Date Considered I 
* Examiner: Initial if reference considered, whether or not citation is in conformance with MPE,P §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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.,, DEC O 7 201 

\ IN UNITED STATES PATENT AND TRADEMARK OFFICE 
lf~4DE.M~ 

In re U.S. Patent Application of 

YUASA 

Application Number: 12/923,643 

Filed: September 30, 2010 

FQr: MAGNETIC TUNNEL JUNCTION 0EVICE AND 
METHOD OF MANUFACTURING THE SAME 

ATTORNEY DOCKET No. NAGl.0003 

Commissioner of Patents 
P.O. Sox 145Q 
Alexandria, VA 22313-1450 

Sir: 

LETTER 

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

Art l)nit: 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 1J,nder 3 7 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 
Telephone: (703) 739-4900 
Facsimile: (703) 739-9577 
Customer No.: 38327 
December 7, 2010 

2355L T:00003: 188612: 1 :ALEXANDRIA 

• Respectfully submitted, 

egistration Number 34,072 
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TED STATES PATENT AND TRADEMARK OFFICE 

In re V,S, Patent Application Qf 

Yl)ASA 

Application Number: 12/923,643 

Filed: September 30, 2010 

For: MAGNETIC TUNNEL JUNCTION J)EVICE AND 
METHOJ.) QF MANUFACTURING THE SAME 

ATTORNEY DOCKET NO. NAGl.0003 

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

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

Art Unit: 2892 

INFORMATION DISCLOSURE STATEMENT 

Sir: 
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Office Action Summary 

Application No. 

12/923,643 

Examiner 

Alonzo Chambliss 

Applicant(s) 

YUASA, SHINJI 

Art Unit 

2892 

-- The MAILING DA TE 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 ;J. 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 )IZI Responsive to communication(s) filed on 30 September 2010. 

2a)0 This action is FINAL. 2b)[8J This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

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

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[8J Claim(s) 1-16 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

1 O)IZ! The drawing(s) filed on 9/30/10 is/are: a)O accepted or b)IZI 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 )0 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)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some * c)O None of: 

1.0 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)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) [8J Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) [8J Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 9/30/10. 12/7/10. 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20101216 
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Application/Control Number: 12/923,643 

Art Unit: 2892 

DETAILED ACTION 

Information Disclosure Statement 

Page 2 

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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Application/Control Number: 12/923,643 

Art Unit: 2892 

Claim Rejections - 35 USC § 112 

Page 3 

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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Application/Control Number: 12/923,643 

Art Unit: 2892 

Page 4 

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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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

12/923,643 
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Juan Carlos A. Marquez 
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CONFIRMATION NO. 8219 

PUBLICATION NOTICE 
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Title:Magnetic tunnel junction device and method of manufacturing the same 
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The above-identified application will be electronically published as a patent application publication pursuant to 37 
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Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 
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PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent 
Electronic Business Center at 1-866-217-9197. 
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O~AP 
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~PRO 510\\ ~ 
f 0 
ITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 

YUASA 

Application Number: 12/923,643 

Filed: September 30, 2010 

For: MAGNETIC MULTI LA YER FILM (as amended) 

Attorney Docket No. NAGl.0003 

Mail Stop Amendment 
Commissioner for Patents • 
P.O. Box 1450 
Alexandria, VA 22313-1450 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Art Unit 2892 

Examiner: 
Alonzo Chambliss 

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

Sir: 

This is in response to the Office Action mailed on January 5, _2011, the period of 

response to which is set to expire on April 5, 2011. Please &mend the above-referenced 

application as follows: 
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IN THE ORA WINGS 

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. 

-2-
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IN THE SPECIFICATION 

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

MAGNETIC MULTILAYER FILM TUNNEL JU}~CTION DEVICE AND METHOD Of 

MANUFACTURING THE SAME 

-3-

WD EX1004 
Western Digital v IP Bridge 

Page 156



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. (Canceled). 

16. (Currently Amended) A magnetic multilayer film comprising: 

a first amorphous ferromagnetic material layer; 

a 130ly erystalliAe magAesium e~dEle layer in v,rhieh (001) erystal 13lane is . 

13refereAtially eriented, the magAesimn mdEle layer having mi.ygeA vacancy Elef-ects; 

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. 

the first aAEI secenEI ferremagAetic material layers c0m13risiAg Fe or a Fe baseEI 

alley of the BCC strncture aAEI com13rising a 13oly crystalliAe layer iA which (001) 

CF)'Stal 13laAe is 13reft:wentially eriented. 

17. (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. 

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

amorphous ferromagnetic material layer comprises CoFeB alloy. 

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

amorphous ferromagnetic material layer comprises CoFeB alloy. 

-4-
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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 16-1_9 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. 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 i.nclude missing 

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

simultaneously, are not directly functionally related, do not directly intercooperate, and/or 

serve independent purposes." MPEP 2172.0 I. Moreover, "[f]eatures which are merely 

preferred are not to be considered critical." MPEP 2164.0S(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 /;he 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. 

-6-

WD EX1004 
Western Digital v IP Bridge 

Page 159



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. 

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 

200604: I :ALEXANDRIA 

Respectfully submitted, . 

Nicholas B. Trenkle 
Registration Number 54,500 
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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. 

• 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): 
• Examiners may access SCORE content via the eDAN interface. 
• Other USPTO employees can bookmark the current SCORE URL (http://es/ScoreAccessWeb/). 
• External customers may access SCORE content via the Public and Private PAIR interfaces. 

Form Revision Date: December 8, 2006 
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In re U.S. Patent Application of 

YUASA 

Applica'tion Number: 12/923,643 

Filed: September 30, 2010 

For: MAGNETIC MULTILAYER FILM (as amended) 

Attorney Docket No. NAGI.0003 

Commissioner of Patents 
P.O. Box 1450 
Alexandria, VA 223i3-1450 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Art Unit 2892 

Examiner 
Alonzo Chambliss 

COVER LETTER 
Sir: 

[x] The fee fqr 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) 

Inde~endent 2 6 X $220 0 
C aims 

(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). x½ 

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 
Preliminary Amendment 

[ ] Information Disclosure Statement 
[ x ] I sheet of replacement drawings 
[ ] RCE 
[ ] Other: ____ _ 
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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. § l.136(a) for: 
[ ] one (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. 

Credit card information for$ __ . to cover the fee associated with this filing is enclosed. 

Please charge my Deposit Account Number ___ in the amount of ___ to cqver 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. • 

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 

200502: I :ALEXANDRIA 

Respectfully submitted, 
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PTO/SB/06 (07-06) 
Approved for use through 1/31/2007. 0MB 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 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PTO-875 12/923,643 09/30/2010 □ To be Mailed 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY 0 OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

0 BASIC FEE N/A N/A N/A N/A 
(37 CFR 1.16(a), (b), or (cl) 

□ SEARCH FEE N/A N/A N/A N/A 
(37 CFR 1.16(k), (i), or (ml) 

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A N/A 

TOTAL CLAIMS 
minus 20 = * X $ OR X $ (37 CFR 1.16(i)) = = 

INDEPENDENT CLAIMS 
* X $ X $ (37 CFR 1.16(h)) minus 3 = = = 

If the specification and drawings exceed 100 

□APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(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 "O" in column 2. TOTAL TOTAL 

APPLICATION AS AMENDED - PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 

04/05/2011 REMAINING NUMBER PRESENT 
RATE($) 

ADDITIONAL 
RATE($) 

ADDITIONAL 
f-- AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
z AMENDMENT PAID FOR 
w 

Total (37 CFR 
~ 1.16(i)) * 4 Minus ** 20 = 0 X $ = OR X $52= 0 
0 Independent z * 2 Minus ***3 = 0 X $ = OR X $220= 0 w (37 CFR 1 .16(h)) 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL TOTAL 
ADD'L OR ADD'L 0 
FEE FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 

f--
AMENDMENT PAID FOR 

z Total (37 CFR 
* Minus ** = X $ = OR X $ = w 1.16(i)) 

~ Independent 
* Minus *** = X $ = OR X $ = 0 (37 CFR 1 .16(h)) 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. Legal Instrument Examiner: 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /KIM 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 1nformat1on 1s required by 37 CFR 1.16. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s to file (and by the US PTO 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, ca/11-800-PTO-9199 and select option 2. 
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PTO/SB/06 (07-06) 
Approved for use through 1/31/2007. 0MB 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 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PTO-875 12/923,643 09/30/2010 □ To be Mailed 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY 0 OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

0 BASIC FEE N/A N/A N/A N/A 
(37 CFR 1.16(a), (b), or (cl) 

□ SEARCH FEE N/A N/A N/A N/A 
(37 CFR 1.16(k), (i), or (ml) 

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A N/A 

TOTAL CLAIMS 
minus 20 = * X $ OR X $ (37 CFR 1.16(i)) = = 

INDEPENDENT CLAIMS 
* X $ X $ (37 CFR 1.16(h)) minus 3 = = = 

If the specification and drawings exceed 100 

□APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(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 "O" in column 2. TOTAL TOTAL 

APPLICATION AS AMENDED - PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 

04/05/2011 REMAINING NUMBER PRESENT 
RATE($) 

ADDITIONAL 
RATE($) 

ADDITIONAL 
f-- AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
z AMENDMENT PAID FOR 
w 

Total (37 CFR 
~ 1.16(i)) * 4 Minus ** 20 = 0 X $ = OR X $52= 0 
0 Independent z * 2 Minus ***6 = 0 X $ = OR X $220= 0 w (37 CFR 1 .16(h)) 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL TOTAL 
ADD'L OR ADD'L 0 
FEE FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 

f--
AMENDMENT PAID FOR 

z Total (37 CFR 
* Minus ** = X $ = OR X $ = w 1.16(i)) 

~ Independent 
* Minus *** = X $ = OR X $ = 0 (37 CFR 1 .16(h)) 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" 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 1nformat1on 1s required by 37 CFR 1.16. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s to file (and by the US PTO 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 US PTO. 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, ca/11-800-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. NAGI.0003 

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

) 
) 
) 
) 
) 
) • 

) 
) 
) 
) 
) 

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: 
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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 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. 

-2-
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IN THE SPECIFICATION 

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

MAGNETIC MULTILAYER FILM TUNNEL .JU1,iCTION DEVICE t\"ND METHOD Of 

MAJl-RJfACTURING THE SAME 

-3-
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IN THE CLAIMS 

Claims I 6-19 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. (Canceled). 

16. (Currently Amended) A magnetic multilayer film comprising: 

a first amorphous ferromagnetic material layer; 

a poly erystalline magnesi1:1m mdcle layer in 1n<hieh (001) erystal plane is 

preferentially orieAtecl, the magnesi1:1m mdde layer haviAg miygeA vacaAC)' defects; 

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. 

the first aAEI secoecl ierromagAetio material layers comprisieg Fe or a Fe based 

alloy of the BCC strnorure aAcl eomprisiAg a poly crystalliee layer iA whieh (001) 

crystal plaAe is preferentially oriented. 

17. (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. 

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

amorphous ferromagnetic material layer comprises CoFeB alloy. 

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

amorphous ferromagnetic material layer comprises CoFeB alloy. 

-4-
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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, t~ 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]-[005 l] 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 BCC 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 oxi<;le layer" is omitted from but essential to claims 9- l 3 and 15. 

Furthermore, the Examiner also stated that the structural cooperative relationships of 

"between the first and second ferromagnetic material layers 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 
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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 expai:ision 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. 

-6-
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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. 

STITES & HARBISON PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 223 I 4-143 7 
(703) 739-4900 Voice 
(703) 739-9577 Fax 
Customer No. 38327 
April 28, 2011 

202421: l :ALEXANDRIA 

-7-

Respectfully submitted, 

Nicholas B. Trenkle 
Registration Number 54,500 

34,072 
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1 :l IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

~&rn~ 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. NAGI.0003 

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

Sir: 
COVER LETTER 

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

FOR TOTAL WITH TOTAL CLAIMS 
NEW CLAIMS CURRENTLY ON ALREADY PAID 

ADDED FILE 

Total Claims 4 4 
(Over 20) 

Indefcendent 2 2 3 
Cairns (Over 3) 

MULTIPLE 
DEPENDENT 
CLACM(S) 

REDUCTION FOR FILING BY SMALL ENTITY (note 37 C.F.R. §§ 1.9, 1.27, 1.28). 

Art Unit 2892 

Examiner: 
Alonzo Chambliss 

RATE CALCULATION 

X $52 0 

X $220 0 

+ $390 0 

x½ 

TOTAL 0 

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

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

[ Substitute Abstract 
[ ] Terminal Disclaimer 

::ODMAIPCDOCSIALEXANORJA\202$<Sll 

[ ] Information Disclosure Statement 
[ x ] I sheet of replacement drawings 
[ ] RCE 
[ ] Other: 
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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. § l.136(a) for: 
[ ] one (1) month [ ] two (2) months [ ] three (3) months 

The fee set in 3 7 C.F .R. § 1.17 for the extension of time is $ ___ for a large/small entity. 

Credit card 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. 

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 

J60073:00712: 123855: I :ALEXANDRIA 

::ODMA\PCDOCSIALEXANDRIA\202.145\1 

Respectfully submitted, 
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PTO/SB/06 (07-06) 
Approved for use through 1/31/2007. 0MB 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 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PTO-875 12/923,643 09/30/2010 □ To be Mailed 

APPLICATION AS FILED- PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY 0 OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

□ 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 (ml) 

N/A N/A N/A N/A 

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A N/A 

TOTAL CLAIMS * X $ OR X $ (37 CFR 1.16(i)) minus 20 = = = 

INDEPENDENT CLAIMS 
minus 3 = * X $ X $ (37 CFR 1.16(h)) = = 

If the specification and drawings exceed 100 

□APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(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 "O" in column 2. TOTAL TOTAL 

APPLICATION AS AMENDED- PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 

04/28/2011 REMAINING NUMBER PRESENT 
RATE($) 

ADDITIONAL 
RATE($) 

ADDITIONAL 
f-- AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
z AMENDMENT PAID FOR 
w 

Total (37 CFR ~ 1.16(i)) 
* 4 Minus ** 20 = 0 X $ = OR X $52= 0 

0 Independent z * 2 Minus ***3 = 0 X $ = OR X $220= 0 w f37CFR 1.16fh\\ 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL TOTAL 
ADD'L OR ADD'L 0 
FEE FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 

f--
AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = X $ = OR X $ = w 1.16(i\\ 

~ Independent * Minus *** X $ = OR X $ = 
0 (37CFR 1.16(hll = 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. Legal Instrument Examiner: 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /SHIRELL M. CARMICHAEL/ 
*** 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 1nformat1on 1s required by 37 CFR 1.16. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s 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 STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

12/923,643 09/30/2010 

38327 7590 07/22/2011 

Juan Carlos A. Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

FIRST NAMED INVENTOR 

Shinji Yuasa 

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

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

NAGI-0003 8219 

EXAMINER 

CHAMBLISS, ALONZO 

ART UNIT PAPER NUMBER 

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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Office Action Summary 

Application No. 

12/923,643 

Examiner 

ALONZO CHAMBLISS 

Applicant(s) 

YUASA, SHINJI 

Art Unit 

2892 

-- The MAILING DA TE 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 ;J. 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 )IZI Responsive to communication(s) filed on 28 April 2011. 

2a)0 This action is FINAL. 2b)[8J This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)1Zl Claim(s) 16-19 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[8J Claim(s) 16-19 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O 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 )0 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)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some * c)O None of: 

1.0 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)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) [8J Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) 0 Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20110717 
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Application/Control Number: 12/923,643 

Art Unit: 2892 

DETAILED ACTION 

Page 2 

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: 

1. Determining the scope and contents of the prior art. 
2. Ascertaining the differences between the prior art and the claims at issue. 
3. Resolving the level of ordinary skill in the pertinent art. 
4. Considering objective evidence present in the application indicating 

obviousness or nonobviousness. 

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 

Art Unit: 2892 

With respect to Claims 16-19, Parkin (384) discloses a first amorphous 

Page 3 

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 Al2 03) 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 

MT J 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 Al2 03 tunnel barrier material of Parkin (384), 

since the poly-crystalline magnesium oxide is a known substitute for Al2 03 and 

improved the performance of the MT J 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 

Art Unit: 2892 

Conclusion 

Page 4 

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 

* Document Number Date 
Name Classification Country Code-Number-Kind Code MM-YYYY 
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\. IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

1 
OC1 o 6 10\\ ' 

~cf7'F!~~~n 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. NAGI.0003 

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

Sir: 

LETTER 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Art Unit 2892 

Examiner: 
Alonzo Chambliss 

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 

[8] 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. 

STITES & HARBISON PLLC 
1199 North Fairfax Street, Suite 900 
Alexandria, Virginia 22314 
(703) 739-4900 
Customer No.: 38327 
October 6, 2011 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

~,.,. re U.S. Patent Application of 
~'1~/1,5\~ 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

YUASA 
Art Unit 2892 

Application Number: 12/923,643 

Filed: September 30, 2010 
Examiner: 

Alonzo Chambliss 

For: MAGNETIC MULTILAYER FILM (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 foreign patent or non-patent publication or any portion thereof listed or 

herein identified is submitted herewith. 

CERTIFICATION 

1. This Infonnation 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) 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 
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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 l(c) or l(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 

[ ] 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. 

STITES & HARBISON PLLC 
1199 North Fairfax Street 
Suite 900 

• Alexandria, VA 223 14-143 7 
(703) 739-4900 Voice 
(703) 739-9577 Fax 
Customer No. 38327 
October 6, 2011 

Respectfully submitted, 

-2-

WD EX1004 
Western Digital v IP Bridge 

Page 188



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

stitute for Form 1449/PTO 

FORMATION DISCLOSURE 
TATEMENT BY APPLICANT 

Sheet j_of.1 

A lication # 
Confirmation # 

Filin Date 
First Inventor 

Art Unit 
Examiner 
Docket# 

U.S. PATENT DOCUMENTS 
Exam. Document No. Publ. Date Name 
Initial* Number - Kind Code MM-DD-YYYY Patentee or Aoolicant 

2007-0195592 A 1 08-23-2007 Yuasa 

FOREIGN PATENT DOCUMENTS 
Exam. 

Country-Number- Publ. Date Name 
Initial* Kind Code If known MM-DD- Patentee or Applicant 

yyyy 

JP 2008-004956 1 01-10-2008 Japan Science & Technology 
Agency; 

National Institute of Advanced 
Industrial & Technology 

NON PA TENT LITERATURE DOCUMENTS 
Exam. Include NAME of the author (in CAPS), Title of Article/Item, Date, Page(s), 
Initial* Volume-Issue No., Publisher, City and/or Country where published 

Examiner Signature I I Date Considered I 

12/923,643 
8219 

Se tember 30, 2010 
YUASA 

2892 
Chambliss, Alonzo 

NAGl-0003 

Relevance 
Passages/FiQS. 

Relevance Trans-
Passages/Figs. lation 

Abstract 

Translation 

* 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. 

WD EX1004 
Western Digital v IP Bridge 

Page 189



Searching P AJ 

(51 )Int.Cl. 

PATENT ABSTRACTS OF JAPAN 

(11 )Publication number : 2008-004956 

(43)Date of publication of application : 10.01.2008 

HOil 43/10 
HOil 43/08 
HOTL 43/12 
HOil 21/8246 
HOTL 27/105 

(2006. 01} 
{2006. 01} 
{2006. 01} 
{2006. 01} 
{2006. 01} 

Page 1 of 1 

(21)Application number: 2007-210197 (71 )Applicant : JAPAN SCIENCE & TECHNOLOGY 
AGENCY 
NATIONAL INSTITUTE OF 
ADVANCED INDUSTRIAL & 
TECHNOLOGY 

(22)Date of filing : 10.08.2007 (72)1nventor : 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: 
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 
to provide its manufacturing method. 
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cm>.ttJJt 1 11 
~✓ i'--N■-•t,ME~ ✓ *N•··O)-lffi00K%~~hk7.:£N77A?iBtt%~ 

#t>~Q-lO)nmtt~•t ... wrE~ ✓ i'--N■••0)-2ffiOOK%~~hk7.:£N77A 
m·t~%~n-- t:> ~ Q • 2 O)~tmtt~• t ... ~ ~T Q m'A. 1-✓ * Jt,1:&k•m ~fiti x. t.=m~~tx 
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wric.J-:,,,;r,Jv■-•1Ji, (0 0 1) MaimitJ~f~:%WcrAJLt.:~taaiMgO"°<:'~--::>-C ... le* 
j(ffl ~~ L ... iJ"--::>, l-:,,, i, Jt,■MO)~ ~ '/Ji 0. 2 ~ 0. 5 e V 0) f, O)tJ" i:> f-J. "J ... 

*rO)~ia""<:'O)lfijJfflfE'/Ji2 O Om VJ: tJ~1.t,.::t~*•tTQm1n::J1.UJL*r 0 40 

[ffi>ltJJt 1 2 ] 
}-:,,:5f.N■••~---El- ✓ i-N···O)·lffi00K%P.i:~hk.10)nmtt~•t ... 

ftE}-:,,,;;t._~•-·0)·20000K%P..t~hkM20)nmtt~•~ ... ~-TQm1n:1- ✓ *N 
,&,g.m:m ~1ili x. t.=m~~tx~r ,:: i31.,, -c ... 

Mic. l-:,, i'--Jv···'IJi... ( 0 0 1) Mmi.ootJ~-:%WcrAJ L t-:~~m.M g o-e~ --::>-C ... -~ 
j(ffl~~L, 1P"'?, }-:,,,*Jv •• O)~~'IJi0. 2--0. 5 eVO)t,(J)ipi::,~".) ... 

~-j".-O)~ila. "<:O)llijJffl)±iJ~ 2 0 0 m VJ: "J jWjl.tl.:: l: ~~- t T Q S1n:tJUfL~To 
cm>JtJJt 1 3 1 

1 -?d) 1-7:,,, :J A :7 t ... wrie t- 7:,,, :J A 7 0)$tffl t L-c m 1.,,,; nQ ffi>Jt:g::[ 1... 2... 3 ... 
1 1 £ t-: J± 1 2 0)1.tl-fhiN::jc~O)m~~tfL~-=f-t ~~9 Q iem~ro 50 
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·[§6-ijg (7) ~;ltll ~ mijg l 
[i'ti1J%ff] 
[0001] 

(4) JP 2008-4956 A 2008.1.10 

*§6-ijg ,± ... m1o:•t1L*r & a-f: O)~:@:n~ ~= oo L ... ~~::. ... ~ \.,)m1o:•t1L~~ -t-Q m1o:• 
t1L.rl}..lf-f:O)~:@jj~t,;: OOT Q o 

[ -WfHxflf l 
[0002] 
MRAM (Magnetoresistive Randan Access Memory) Jj: ... ffiftJA < ffl \.,\ G h "'( \t) Q iGtt:* 

r--e'~~ D RAMt,::.,ft;bQ::k.§11:ftiJ~tiG-fi:*r--e'~ "J ... -/J•"':J ... ~:ifil~)F~§ett;i( -=c 1J >:. L 
"'C J1;: < :fi]f~ ~§6-iJ'>fr:b h "'C 13 VJ ... 1911 x. ff ... 4MbitO)MRAMiJHr:.,, 7° Jv l:11fni ~ht.:>:. v) -3 ~- 10 

i)'>~ Q 0 

[0003] 
~81i ... MRAM(l),t'..,Jli$--e'~Q }-:.,,;r-.Jvlin1o:.r1L*r (£Lr .. 1TMR.rJ t:.~T 

Q)O)a:@>:. ... -f:(l)·~-~~~T~--e'~Qo~B (A) ~~TJ::-3~ .. TMR*r~J3 
\.,)--CU ... ftl11::4m 7)> G ~ Q }- :.,, .:f-)v~m (W-r... 1 rPJ 7 Ni J >:. 1b ~T Q) 0) filiJ ffl!I ~ SiiH§: 
'.ifi:~ 7)> G ~ Q ~ 1 l}.. u~ 2 0) 2-? O)ffi;ffi~::. J:: VJ ~!vi± }- ✓ * Jv;ffi::@ i-~ L "'( \,-) Q O }- ✓ * 
Jv~ml\i>:. L"'C,i, 7-=EJv7Y7-0)A 1-OJ\iiJ'>fflv\Gh--Cv\Q (jp~lff>Ci¥ocl~Jffl) o 
~ 8 (A) ~=~-t- J:: -3 ~= ... * 1 O)Si?ilHi:~;ffi >:. * 2 (l)SsHi¾Hiffl:ffi >:. O)Jin{l::O)ftiJ ~ iJ'>3::f:f-r~ 
3¥-:ff m1t0)~,g. •=Ii... l--:;,,, ;r--)v.mO)W ffiH::. i:Ht ~ ~-nftiJ ~::. F~T Q *rO)ffl1K,.tJ[iJ'>/J, 
~ < ~ Q o -:n ... ~ 8 ( B) •::.lf--t- J:: -3 •= .. * 1 (l)Sii!Hi'ml!~ >:. ~ 2 O)Silin't§:ffl:;ffi >:. 0)7in 20 

11::0) ftiJ ~ iJ".IJZfr ~ oc .IJZ:f-rflfi11::0)~,g.~:: I±... r- :;,,, ;r--Jv;ffi:€0).W. ffii •= Jo ~t Q ~£tnftiJ •= OOT Q 
•-=r-O)m1o:•tJtil'>::k ~ < ~ Q o .:. O)~tJtfrnUi ... -ttl¥J tdxi~ --ei±~1t.--t±-f ... •t1LfmiJ"~ v• 
7J"1~ It• ii·•= £-:5v• "'( ffl¥R " 1 ,, ... " 0 ., >:. L "CiG ffi ~ hQ O 3¥:f-rilHI:: >:. oc .IJZtrm11:: >:. Ii )F 
Ji§e •=ictt: ~ nQ t.: &; ... ;;f Ji§e'i1:;;t -=c 1J 0)£**-=r- >:. L "'Cm\.,) Q :: >:. il,,-e ~ Q o 

[0004] 
~91±-. MRAMO)£*a€f91J~~T~--Z.--~VJ .. ~9 (A) JiMRAMO)i°,11.Ja~--e'~VJ 

... ~9 (B) ,±~:i:tl¥.J~@1li§,Wji£~--e~"J ... ~9 (C) l± .. .flj:@f91Ji-~TWfffii~--e'~Qo 
~ 9 (A) •=~-t- J:: '? •= ... MR AM,:: J3 \.,l "'( Jj: 17 - }-~ aw L >:. t:: o/ }-a B L l: i)'>~£T Q 
J:: '? t,;: ~i:! fi ~ h ... ~£ $ •.: M R A M -l:: Jv i)'> ~c! ti: ~ h "'( P Q o ~ 9 ( B ) ~.: ~ T J:: '? ~= ... 17 
-V8l:t::o/r-a>:.(7)~~$~~-~h~MRAM~~ti .. TMR.rl:, .:.O)TMR. M 

rl:~~--~h~MOSFETl:~~L"'(J3tJ ... •fnr•mcL"'C.~TQTMR*rO) 
HHJtfm ~ M O S F E T t,;: J:: "J ~ cf).JBl:Q ..':: l: t,;: J:: "J .. iG ffiffiff. ~~cf}.&\ T.:. >:. il"-X: ~ Q o r'aJ 
... ffl¥{i0)~ ~~;<_Ii .. f9JJ x. 1£.. TM R *r-"'O)fG~O) f:PjJD 1,;: J:: 'J lT -3 :: c il"""C" ~ Q o ~ 9 

( C ) 1,;: 71" T J:: ? 1,;: ... M R AM ;i( -=c 1J -l:: Jv tt, p ~ S i £~ 1 0 1 ~H::. %1£ ~ ht.: 1/ - 7-
ffi:bt 1 0 5 l: I--"' v -1 :;,,, ffi:bt 1 0 3 >:. ... -f: 0) fUH:: @ re ~ h Q -r -v .:f-Jv ffiht 1,:: M L --C % 1£ ~ .h 
t..:~- l--ilt:ffi 1 1 1 l: ~~T QM OS FE T 1 0 0 c, TM R ~r 1 1 7 >:. ~~ L "'(v) Q 
o 1/~.Affi:btl O 5Jiffl:lt!! (GND) ~h ... Vv-1:.,,1± ... TMR*-=f-~:frL"'Ct::y l--£iB 
L 1,=~- ~ h "'( \.,) Q O 17 - v~w Lu -r- ·1--mm 1 1 1 1,:::M L "'( ~~ L ~ \.,lffi.n_tl,;: J-3v~ -c 
-~~ h "'(\.,•Qo 

[0005] 40 

W-J: 1,:: m~ Lt.: J:: '? t,::. ... ;;fJi§e'ti;i( -=c 1J MR AM I±... 1 0 O)M O S F ET 1 0 0 >:.TM 
R*rll7l:~J::'Jl-?O);i(.::f-U-l::~i-%1£TQ.:.>:.~--e~Q~&'), ••• ~~aL~ 
_;i( 't 1) •-=r- CI;,) 'J :: C 1)'>--e' ~ Q O 

[0006] 
[1~~1ff Xi¥oc 1 ] D.Wang, et al. :Science 294 (2001) 1488. 
[§6-ijg 0) 00 71"] 
[§6-ijgi,ifiiHR: L J:: ? c T Q ~ffll 
[0007] 
m:fk 0) 1t t, ~ m "1 Q :: >:. •:: J:: VJ 6 4 M b i t l£.t.t 0) M R A Mi- ~m f Q .flli L , i JZ-:> -c 

It) Q i)i,. -f: tt£LJ::O)~-fi,fl::O) t..: &; ~:: fi, MR A MO),(.,Jli-$--e'~ QT MR *rO)~tti-ftiJ so 
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.1::. ~ -t±-Q £·~1.J'i~Qo !f¥~:: .. TM R ~rO)tf1jJitJ.£~1DJ.1:: ~ -t±-Q ~:: i;L m~mmO):ft* l: 
11tJ.£ !f¥11: 0) i;fl: ~ 0) fi!u jj" i.)'i,Z, ~ -c:-~ ~ 0 ~ 1 0 tL 7 -=E-)v 7 7 A A I - 0 ~ }-✓ * )v ~ ~ l: 
J...,t.:..t't*ffl!TMR~rO)fB~mtJCO)rC{ 7 7-1itJ.£~::J: Q~1t~JFT~-C:-~Q (L 1) o ~ 
1 0 ,::JFT J: "? ~= -- ?E* ffl! TM R ~r ,:: 131,,, -cu -- m1n.mt1eiJ~1J-.. ~ < --*,::flt EE~ l=PjJDT 
Q ~ t i:: J: fJ m 1n.mt1e1.1"fi?-1tt ~:: 1J, ~ < ~ Q ffl roJ 1.11 .;z;. t:d't Q o ~ 0) J: -3 ~ !tft1: -c:-,± __ 111ft x 
- :,; ✓ ~~JS.Lt.:.. t11nmEE 1.1"1J-. ~ -r tf Qt.:.. tt>, ~~0)1cm~-=r,:: mi.,, Q O)iJ"ft Li.,, o J: l'J 
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*96'1JH± ... TMR*r,::i3,tQtf1jJ1itJ±~*~ <-t-Q~l:~§89t:°9Qo ~t.:,,::, *~ 
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[0009] 
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t.:.. BC CfflJi~;ff-t- QM 1 O)!J!fi?ili1t1:1'=lw c, IDI1c. J--✓ ;r,. Jv~mJwO)M 2 ffiifflll i::%nt ~ ttt.:.. 
BCCfflJi~;(f-t-QM20)Bfiitt1'=Jwl:, ~;ffTQ?ili1":J-- ✓ i-~m%«~~-~ ... IDJE1-­
✓ ;r,. }v~mJii1.1'>, -~~M g O,. ( 0 0 1 ) ~ Q "' i± ( 0 0 1 ) ~ B~ ffiji.)~f~5tffi21DJ Lt..:~ 
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{!t ~ tLQ O 20 

[0010] 
i t..: ... M g O ( 0 0 1 ) ;3-. t.:, ~ Q J--✓ ;r, Jv ~ m Jw c .. ~ J--✓ ;r,. JI,,~ it Jii 0) M 1 oo fflH:. % 

mt~ ttt..: F e ( 0 0 1 ) :iP t.:, ~QM 1 0) 5!fifltt1:~Jw c ... lltric 1--✓ ;r,. Jv~mlfi 0). 2 ffiiffllj i:: 
%mt~ tL t.:.. F e ( 0 0 1 ) ;3-. t.:, ~ Q * 2 0) !i!?ili't1:1'=Jw l:, ~ ;;(f 9 Q fltm. J--✓ ;r, 11,,m%1.fi ~ 
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$:iJ'>.{lt ~ tti O 

[0012] 
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*§600 0) ~ t;, i.:JJU O)iQ,~ r: J: :tu£, Mg o ( o o 1 ) iP t:> ~ ,Q r- :,, .:r--Jv••• c, ~ t­

:,, * ~•••0)• 1 oo■ K %d~hk7~~77AStt%~~t:>iJ:,Q•10) nmtt-• t 
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[§6000)~::J.l*l 10 

[0014] 
*§600KJ:h~--~*O)TMR**K~~t*~~---m~m,Q.::.t#~~' TMR 
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t 1.r' '? fU ,¢.l 1J"-~ ,Q o 

[§600 ~ ~:MliT ,Qt.:. abO)JliN.0)%JtU 
[0015] 
*OOffll:&l.:i,1.r,t, Mg O lt.ll.n~ (Na C l ~-a) ~~,Q t.:.ab, ( 0 O 1) 00... ( 

1 O 0) 00, (0 1 0) OOU~t~1111i--C~Qo .::..::.--c-1t, /JlOOl.:~ig~tffnJ~ z'11JtTQ 
.::. t ,.: J: 1'J ... /Jllm ~ ( o o 1 ) t ~-1¥J ,.: ic.l't Lt"' ,Q o £ t.:. ... *OOk:111:&,.: io 1.t) t, fl~ 20 

JfiO)*aa'1!.a--c~,Q BC C mat it-,C.,.ll.n~O).:. t --C~ ,Q o J: lJ J!-i¥Ji.: 1± ... 1t~1¥Jfk 
j:fO)i;ilt)B C cma ... \,,);b~Q A 2 ~ma, ioJ: U1t$1¥Jfkj:f0)~,QB C cm€, f71Jx_J;f 
B 2 ~ma~L 2 1 ma, ~c~O).::. t ~~IWL, .::.nt;,O)B C cmaO)~a'11ffi-~1Ji-fi:~•~.: 
ililv 1± t 0) ~ ~ £ n,Q o 

[0016] 
*OOffll:& ,.: 1o "' t m ") t.:. xrri1i0) ~ ") 5f;~ ~¥*a~,.: io ~t ,Q r~1!'-B9~frnrJ c 0) m filHt, 

;W5i-~7611T5t760)~~~· t;,;ftill!J L t.:{m~~ ,Q (~~Jt~ : W. Wulfhekel, et al.: Appl 
. Phys. Lett. 78 (2001) SO'J.) o .::. 0) J: '? ~;jj(i~--c,t ... nl*xffl~ffi-TX[fi'i31Jiti l:. Iv c~ 
~ 1t) ~ 1!l 1¥J ~ lii ~ ifli M g O 0) r- :.,, .:r, Jv lii!!i 0) ~ ~ 0) J: IIHfm t -g ? .::. t 1J'i ~ ~ ,Q t.:: ab , ~ 1!l 
89 ~ {m }:_ v~ ? ffl ~ ~ ffl "\ t.:: 0 30 

[0017] 
§6000)~:Mfi0)%!!~ l.: -'.:)v) t~OOT ,Q & ,.: ... §613}3~0)1-r0 t.:. ~~ ~.: -'.:)v' t~BJ3 ~fr 1 o T 

MR **O)m•mt.Jt (MR) Jt Jj:-. ~ T O)A ~~ ~ tL Q O 

[0018] 
~R/Rp= (Rap-Rp) /Rp 

.::. .:. ~-- R p .&UR a p u, 2 -'.:)0)1i:~O)m1ttJEJZ-1-rt &1JZ-fT0)~%0) r-:,, *Jv·%· 
}Ji:--C~Qo Ju 1 Ii r e0)0A,.:J:tt~£ ... {Il;/'\'-1'7Affl:1±&.:Jo•t,QMR~lt, ~TO)J: 
1 ,.:~~ tLQo 
MR~= (Rap-Rp) /Rp=2P1 P2 / (l-P1 P2) ~~'J ... 
P a = ( D a t ( E F ) - D a i ( E F ) ) / ( D a t ( E F ) + D a i ( E F ) , a = 40 

1, 2 (1) 
C~~tLQo 
[0019] 
.::_.:_--c, PaU, ffl;~O)Al:: ✓ ~~$~~f) ... Da t (EF) l:Da ! (EF) }:_Jj:, 

--f tL~tL, ~~Al!:,,/'\:,, l-"' t !);~Al!:,,/'\:.,, FO) 7 .:c. Jv ~ .r..* Jv-=¥- ( E F ) ~.: Jo •t Q 
;jj(fi~~fit (Density of state: DOS) ~~,Qo 5!i!H1:i!13~~.&U% 
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t ~ i..,,ftreM R ~ t Lt~ 7 0 % 1J~-YillU ~ tl,Q o 

[0020] 
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c, ~£--e'O)MR.ltc L--C;f.J7 O%cv'-:>fmi:J'\ffl.~tt--Cv 1 Qi,:J'\, DRAM~O)ti1.1J11UE-e 
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Qo 

[ 0 0 2 1 ] 
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i:Ji1~,\:;ftcfti] Lt.:~~ AM g O a- l- :,, ;t ... Jv•m c L --C ffl v1 t.: TM R ~-ra- »x:£ 9 Q 7 70 -

-1-a-~.7;. --C v1 Q O ?f* 0) 7 -=E Jv 7 7 ;7., 0) A I - 0 •• c U~~ ltJ ... l'J!Hl::7 7+ 3f-:,,-ry A Jiita 
A(~r#mlU~L<re~Lk •• ) -e~Qk~ ... -r#ft&~~f .... -rO)::i~-vY 
l-~i~ i:J'\J-· ✓ * JI,, ~l.¥ •= j3 \,,) --c *-# ~ n Q .:. C i,:Ji77llj ~ n Q O ~ 1 u... *~ Ma O)M i,ij •= J: 
QTMR;trt-1@ (~l (B)) c ... ~i!H~~ii£~-e~QF e (0 0 1) O).:L3f-Jv.:¥-.1" 10 

✓ v•~a-~9~-e~1tJ ... ••~~O) [001Jnftil~if9QE-EFO)oo•a-~9~( 
~ 1 (A) ) -e~ Q o ~ 1 (B) •:~9 J: '? i: ... *~MfiO)Mi,ij i: J: QT MR ~-rtl@U ... 
~lO)Fe (001) lilt:, ~20)Fe (001) Jfi5c ... .:.n~O)~•::.~£nt.:~~ 
AM g O,. ( 0 0 1) Ii~ Q vq± ( 0 0 1 ) ~ai 1ffii:Ji1~,\:;reftiJ Lt.: ~~aiM g O,. ( 0 < 
x < 1 ) Ji 3 c ... a-;w L --C t-1.5-x: ~ tt --C v 1 Q o J:: ic. J u I l i r e 0) -=ET Jv i: J: tt J;f, f-i: ~ 
•-rO)~l}J:lii:Ji 1--::.,, ;r, Jv~f.¥ •: i3 v' --C *-# ~ nQ c 9 Q c ... Mg O a-~~9 Q 1--::.,, ;r, Jv • 
• ,±t- ✓ 3f-N•ffl~~~~nftil (m~Wiffi~i4"9Q$anftiJ) 0)--~71--~kz a-~9 
Q •-ri:Ji::tt'JcB~H::. ~ Q o ~ 1 (A) •:~9 [ 0 O 1] ( r - H) nftil •: i3 •t Q F e O)_:r_ 3f­
Jv.:¥- ,I'\ ✓ ¥'~ •= J: tt J;f, 7 i )v ~ *-fiZ E F •= Jo •t Q ~mH1JJ3t (DO S) J±, ~-A I::::,, 
tP•At: ✓ O)-Jt7'.1t::.,, Fi:Ji7.iJv~*fil:EF •:1ov 1 --C~i~a-~L--CPQf.:~ .. -ttlt:t~~ 20 

;@;1,,,~~$ a-~~~ v'o L 1}' L ~ i:Ji ~, ffl:rO) ::i ~ - v ✓ l- ~iiji:Ji l--:,, 3f-Jv:itU.¥ •:Joi.,, --C 
~,ff ~ n Q ~~•=I±, •• •=~ ~ ~ llllb •= 00 L --C5i;~•=Mft-~ 1&'.IWOO-~ ~9 ~ f:z;;~•rO) 
.7J.i:Jiltl•ffi~•: Jo Jt Q ~~ c -~ L, ;wl3.N.O) l- ✓ 3f-Jv~$ ~1#0.:. c •: ~ Q o F e ( 0 0 
1) -~O)~ 1 ,/'\/ Fi:JiwJic.O)J: -5 ~5i;~•=Mft-~•1Wr~-~;w9Qo ~ 1 (A) •=~9 
J: 1 •=-- ~ft:;7... 1::::,, I!!. 1.1t::.,, F (~a) i:Ji7 .iJv~*fil:EF •=~iija-;w9Qi:Ji, :J.,--ft:;7... I:::' 
//). }/'\/}-: (ita) Ji7.iJl,,~*fil:EF •=~i~~;wL~v'o .:.O)J::1~Fe~1 /'\/F 
O)r, - 7 ;I, 7 JvEf9 ~~1& •: J:: tJ , ~~ilt •:;@; 1,,, MR .lti:J1 ::i ~ - v::.,, }, ~ ;7., I::::,, 'UM~ }- :,, 3f-Jv 
•:Jo1,,,--c,m~nQ1iJfi~•t~i:Ji~Qo _:r_t::7.:\=-:,,--vJv (~*aA~Q1t 1 ti (O o 1) reftiJ~MiA 
) 0) TM R ~rt±, }, ✓ * Jv~l.¥ 1:t1'•:J3Jt Q.TO)ft&i:Ji~$fj~ nQ t.:~, 1:ic.O) J:: 1 ~ 
::i ~ - v ✓ r-~ 1--:,, ;r, Jv a-~:ffl.T Qt.:.~•: ttl:]!_1ftag-e~ ~ c ~ k. ty tt~ 0 30 

[0022] 
tt r, *~l3130)~ 1 O)~MfiO)Miij1: J:: Qm~mtiL~rJJ. U-tO)~mn$•= 01,,,--c~oo ~. 

~JffiL00filf.OOa-1T"?o 002 (A) 75•~~2 (D) £-eU ... *~ijij0)~1ifliO)Mi~~:J:QF 
e ( O O 1) /Mg O ( 0 0 1) /Fe ( O O 1) tl~a-;wi""Qia~fitJC~r (W.T ... r 
F e • ( 0 0 1) /Mg O ( 0 0 1 ) / F e ( 0 0 1) TM R ~r J c ~i"" Q o ) O)~@I 
l.¥~fi~i¥J&:~i""OO-e~Qo Fe (0 0 1) ,±, BC Ctl~a-;wi""Q!Jifiia't~~-e~Qo £ 
f,¥MAMg0 (OOl)£•11a-*9L,MBE$(5tra.It::?~:,,--$) ~J:: 
'J ... ¥MAMgO (001)£•110)~1ffi0)-=t7* □ ~-a-~~i""Qk~,Mg0 (0 
0 1 ) :,,-- F Ai 1 5 a-.6-x: £ 9 Q o J!I!~ L --C ... 00 1 ( B ) •= ~ 9 J: '? &: , 5 0 n m J:J 0) _:r_ I::: 
? ~ :,,--Y Jv F e ( 0 0 1) r$•~ (~ 1 m~) 1 7 a-Mg O ( 0 0 1) °1/- J--.. Ai l 5 J:: 40 

~=~ill-e.5-x::!lt L, *1,, 1 -e .. m;@;~~T ( 2 x 1 0 - 8 Pa) &:131,,,--c, 3 5 0 'C-e7-==--:­
Jva-1T'J O Jiij, ·T·~~&:.t:HtQ~ft-U ... 1Jn~•E£iJi8 k v-e~ 'J' .5-x:£~Jj(i:Ji0. 0 
2 n m/fP, .6-x:~i!ljj(i:Ji~i!l (;f.J 2 9 3 K) ... mra~~O)'.J-;7.,t,tftc L--Cl±1l:~ii-
89&.Jix:O)M g O (Mgl:QcO)Jti:Jil: 1) ~fflv,, '.J-;7.,t£•cO)Jle.~~4 0 cmc 
L ... Jll;@;fUji~~Jj(i:Ji 1 x 1 o - 8 P a, 0 2 itE£i:Ji 1 x 1 o - 6 P a -e~ Q o Nij, 11::~ 
•-~-.6-x:~MgO (Mg~QcO)Jt#l :l)O)~b~~ ... O~ffla-;w9Q'./-;7...a-~ 
ffl9 Q.:. c 1b oJ~-e~ Q o 

[0023] 
00 3 (A) I±.. .:. d) ~O) F e ( 0 0 1 ) T $It~ ( ~ 1 It~) 1 7 0) R H E E D -f ;1. -

~~~i""OO--e-~Qo 00 3 (A) -~.:~9 J:: '? ,: ... Fe ( O O 1) r$m~ (~ 1 -~) 1 7 50 
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.. <) 

(8) JP 2008-4956 A 2008.1.10 

Ji.&f!- 1~da ~11: c: -¥±1H1: ~ w L --c \.,) Q .::. c: ~ 7J- L --c \.,) Q o * vl -e, oo 2 ( c) ~=JF, J: '? 
i:, 2 nmJf:(7)Mg O (0 0 1) 1-{ 1J 7/ii 2 1 ~Fe (O O 1) T$11~ (~ 1 fltffi) 1 
7 J:. ,: ~ ilii, -e .x. l:: ? 4=-:." ~ Jv 1£ :if,- Q o .::. (7) ~ 'b , M g O (7) m -'.f-l::: - A ~ ;Jr ti ~ ffl v) t..:,o 

003 (B) Ii, .::.(7)~(7)Mg0 (0 0 1) 1-{ 1J7Jii2 1(7)RHEED-1' ;)(-:J~JF,~-e 
;t,Qo ~ 3 (B) ~=JF,J::? ,:, Mg O ( 0 0 1) J-{lJ 7Jii 2 1 'bJifJ-~m5~•t1:l::f:Ji! 11'1: 
~:ff L--Cv)Q.::. c: ~JF L--Cv)Qo 
[0024] 
~ 2 ( D) i:JF, J:: '? ~=, M g O ( O O 1 ) 1-{ 1J 7 Jii 2 1 J:. t: ... £ilii,-eJ!J ~ 1 0 nm (7) 

F e ( 0 0 1) J:.$fltffi (~ 2 fltffi) 2 3 ~Ml£ Lt..:o i!~ L --C... 1 0 n ml¥~ (7) C o Jii 
2 5 ~Fe ( 0 0 1) J:.$iltffi (~ 2 flt~) 2 3 J:.~:ttUi Lt..:o Co Jii 2 5 Ii, J:.ffiS'ilffi 10 

2 3 (7) ~~ JJ ~ jWj 66 Q .::. l:: ~= J: 0 --C .& -¥1-r lin 11:: ~211 ~ ~~,lU¥!, Q t..: dJ (7) -h (7) -e ;t, Q o * v) -e 
, J:.icO)f'Fnt~#~IUIB:1JDI L --CF e ( 0 0 1) /Mg O ( 0 0 1) /Fe ( 0 0 1) T 
MR~-=f-~Mnt,Qo 

[0025] 
J:.ic.11-=f-l:::"-A~: J:: QM g 01it;JrJi, 1 0 - 9 To r r (7),ltijWj .. ~;f:ki~-entJil~1T0 t..: 

o .::.(7)1Jti-eli, f11Jx_J;f:fl77-.£ifEiJ:.~:: 3 o o nm(7)J£Jll~1-r0t..:m-&r-et, ~siB:a,ij-e 
;t, 1'J , Jiff ~;$a ~Jlli7 1Mnt ~ tL --c v) Q .::. l:: i11 in}•Q o 00 4 U, M g Ont :If Pzy i:: Jo •t Q ntlll 
-=J-~ :,,, ,1-{ p;J 0) ll!I !i@M a s s 7-. « 7 1--Jv (7) lU..1t1Jtt~ ~ JF, oo-e ;t, Q o 00 4 i:: JF, J:: .'j ~= , 
0(7)7-.«7 1--JvP l l::0 2 0)7-.«71--JvP 2 l::~.:OO,Qf.tEEiJ~;wiv).::.l::i7 1 :bii·Qo ~51± 
-. M g O 1it;Jri:f=10) nl*f.tEE (l)JlliiHi*N~-# ~;f-:,00-e;t, Q o 00 5 ,.:JF, J:: 1 ~:: ,. nt~% 20 

EE El ~il~ii· ~ 1'J iWi v).::. t.-.. iiHi*N t. l:: -h ,:: -~ f.tEE -h iWi < ~ Q .::. t. , ~ l:~ U, M g O 0) 
i:tUi Pzy &: Jo tt" Q M g O 7i"' ~ 0) ffle * 0) ll;ftJJ#. ~ 7F ~, Q -h O) ""t" ;t, VJ -. ll;ftJm Lt..: fft * Ul{. ~ ~ :,,, 
7 ~:: J:: 0 "'( ntMUtiiO)~,: tt~~ ~ ;tl,Q .::. l:: ii"'~' M g OX ( 0 . 9 < X < 1 ) 0) J:: '? ~.:. 
~ j(ffl i]i~ t: --C v) Q 1iJfi~•t1:iJi;t, Q o ftl* j(ffl i]i~ t: Q t. M g O 1' :,,, i, Jv•m 0) iWi ~ i]if!:t < 
~ Q t. ~ x. ~ tL (f1JJ ;t J;f, 0.10-0.85 e V, J:: rJ ~llll &:: Ji0.2-0. 5 e V 0)$[fffl p;i) , .::. :tt 
t.:J:: VJ, J--:,,,3f-Jvltliti7 1:il:1JD,Q'bO)c:~x.~h.Qo i¾l, -ttl¥J~A I -0 }-:,,,3f-Jv~m 
O)m,&r, F e ( 0 0 1) t. O)IUj 0) 1':,,, 3f-Jv~!fiO)jWj ~ Ii, 0. 7 ~ 2. 5 e Vt.~ x. t:, tL 
Q o .::. :tU.:M L --C, M g O *as~ li:J:Jltml.1¥J~ 1--:,,, i, Jv~mO) iWi ~ ti 3 . 6 e V -e;t, VJ , ~~ 
fmt. L"'Cli O. 9 - 3. 7 e VO)fjffiJi,ffl.i:,;tl"'(\tlQo *~MfiO)JfiilH:J:: Q/Jti~ffl\.,)Q l:: 
-. O. 3 e Vli~O) r- :,,, ;r.. Jv~IMO)jWj ~ iJ1fl5E ~ tt.. J--:,,, ;r.. Jv~IMO)ffttlt}.it1tiJ~1iJ(J~-e;t, 30 

Q .::. l:: i7~ b i1"' Q o @ L , .f-O) ,fil! 0) ~ ~, f1JJ x. J;fwJ l'! 0) :i t: - v Y 1--~ 1--:,,, 3f-Jv 0) ~ II! t 00 
i!! L --c \.,) Q 1iJn~·i-1:t1!;t, Q o i¾l, •~xHH::£-:1 <Mg o,. 0) x O)fm t. L --r: 1i, o. 9 s < 
x < 1 , J:: VJ ~f £ L ( ,;1: 0 . 9 9 < x < l f.¥)5(-e;t, VJ , M g !ji~O) J:: '? ~ -h 0) UEi £ tL f 
, M g O O)~'t1:i7!£*139l.: li*fH;r ~ ;tl,Q $[mJ-e;t, Q o 

[0026] 
fol, J:.ic., 1' :,,,3f-Jv.m0)~~ </> Ii, TMR~-=f-O)fl*f~~~•t1: ( 1--:.,,3f-JvltlilJ!BJj(J 

l:: 1-{--, 7 7-. fltEE V 0) 00~) ~, WK B i!f1J;H:: £-:11.t) t..: S i mm o n s 0) 0:rt ( 1l=~Wf )tltlk 
J. G. Sinroons: J. Appl. Phys. 34, pp~l793-1803 (1963).0) ( 2 O) ;rt) ,.:~"'(Ji£ 

Q J: ? &: iVJ, § * ti -e 7 -1 o/ -r -1 :,,, ~, Q .::. l:: i: J: 0 "'C 3-tt 66 t..: o .::. 0) ~, flt r 0) lf ~jJ ~ :S: 
l::L"'C, §l±lfl-=f-0)~:!i (m=9. 11x10- 3 1 kg) ~fflt,)"'(7,1,y.:y-,1:,,,~~1T 40 

0f..:o J-V~•t1:&.:1Hi~•t1:i7iffl.;tl,Qf.¥}5(0),1-{-{77-.fltJ:EV (jm'M'5 0 OmV-100 0 
mVl.¥N) £-e1=11:1Ja,tti;t .. Simmon s0):rt~fflv~-c J -v~tt'a:"7-1 o/T-1 :,,,~,­

Q.::. t ,.: J: VJ'\ }- ✓ * )v~mO)jWj ~ </> l:: }- ✓ * }v.!fi<1):ff~jJ}!J ~ D. s ~ IWJPzyJ::i:Ji!:JE, Q.::. 
)::_ i]iffi*Q 0 
[0027] 

.::. .::. "T:, • 1' :,,, 3f-Jv ~ m (7) lf ~jJ 1¥ ~ D. s U .. T M R ~ -=f-0) Wr iii~~ ilt-=f-filHll ii ( T 'E M ) 
~- i1"' ~ 3-tt 66 t..: ~ • 0) M g o ( o o 1 ) r- :,,, 3f-Jv i. !ii JI 0) 1¥ ~ ( t M ir o ) J:: "J -h ... ~ o 
. 5 nmtil:"'~1.t)fml:_~0f..:o .::.ttU:, MgO (0 0 1) Jiil::F e~C o~.:£1£:frc:,Q 
-&r~ /ii 0) W. iii &:: ~ C Q ~ii~ -r Y 1/ ~ Jv 0) xJ1 * i:: J:: 0 "'C .. r- :,,, 3f-Jv ~ m 0) lf ~jJ 1¥ ~ D. s i]-I 
WRO)MgO (001)/1(7)J!J~J::"J-h$<~0kM*-e~Qo ~ 
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(9) JP 2008--4956 A 2008.1.1.0 

[0028] 
fP1, Wrffii T EM¥}!~ ffl \,,) '"( t M g O ~ .iEJi{H: *~ Q .::_ l: 1J'i"1:' ~ Q ~-€d;L £J_ T ~:~ A( 

QJ:"?~~f.kT, J:VJM-~l--Y*~•-0)-~¢~~-~Q.::.l:#W*QoT~b~, 
TM R ~r i: l=fliJDT Q re-{ 7 A fiEE V 1J'Sfli; 1,,, (im:~, 1 O O m V £J. T) ~,g-, l--Yi, Jvffl 
iiftefJtJ fj:r,-17,.7,mEEv,:Jt~JL, J -V!f:t•t~Ji-~OO~l:~Qo .::.O)J: "? ~fB:;1{-17 
A mJ±(J)~:4t"1:' Ii, S i mm o n s O)J\)i ... A ( 2) 0) J: "? ,: ~c:i!! T ~ Q o 

[0029] 
J =[C2m¢)1' 2 /D. s](e/hYx exp [-(4 1r D. s/h)X(2m¢Y 12

) xv 
( 2 ) 
.::..::."1:' .... m&iElEBmrO):i(:11: (9. 1 1 X 1 o- 3 

l kg) ' e iJ:~mfllr ( 1. 6 0 X 10 

10- 1 9 C), hli77 ✓ 7JE~ (6. 63Xl0- 3 
• J • s) "1:'£t>Q0 £t.:, )--:,.; 

i,Jv.1iO),fl,jJ/:J~ D. s Ji, D. s =;: t M g O - 0. 5 nmT£t>Qo TMR*rO)fli;;{--f 7 
,.7, ffl:EEffi:4tO) J - v~·t~~ ( 2) tt~: 7 -1 -:; T-1 ::,,, ?'"ThJ;f, }-:,.; i, )v •• (J). ~ p ~M 
-fl!~•--:) .iE~ i: Ji!,fj 1b Q .::. l: 1Jftl:i * Q O 

[0030] 
~61± .... J-:~cO)JJf.ki:J: VJ~:ii!Lt.:F e (0 0 1) /MgO (0 0 1) /Fe (0 0 1 

) TM R *rO)~ffi! 139 ~m~~tfC!lb. ~7J'T ~"1:'£t> Q O ilUJEiafJt 2 0 K ~:Jo\,,) --CM R 1t 1 
4 6 % "t"£t> VJ ... iiUreiafJt 2 9 3 K l:Jo 1,,, '"(MR .lt Jj: 8 8 % T~-::> t.: 0 .::. O)faHi, :m:a: £ T 
i,:~ia~:J31,,,'"(t\}~ht.:J\i1b;@;1tlMRltT~Qo .::.(J)J: "? ~-v)MR.ltJ±, Fe ( 0 0 1 
) m~(J)A ~::,,,:St~*": J:-::> --c m~-t- Q.::. t e± "1:' ~ -r, tJ L ;s, :i e: - v::,,, 1--~A~ ✓ -iM 20 

~ 1--::,,, ;r ... 1J ::,,, 7'" i:OOi!f!T Q l: ~ k_ ~ hQ o 1 6 0 1ffl0) TM R *r ~~f"F L t.:ti'Hf!:, MR 1t 
l: l--::,,, ;r, Jv~tfLfW: l: ,: OOT Q J;f ~--=> ~ Ji... 2 O % £J-Jj;;J "1:'~-::> t.:o TM R *rO)ffetli £ VJ 1b 
~~~J~~"t" 9 0 % £J-J-: T~-::> t.: o .::. 0) J: '? ~;@; 1,,,fw: Ii, * 7 7° t1 - -rO),fl,jJ't~ ~JF~ L 
t\t'Qo TMR*r0):f:i£}Ji:--=r:. 1J7fj (RA) Ii, ~kOµm 2 T£t>VJ, .::.(J)f@:J±, MR 
AM i.:~ L t.:fw:"1:'~ Q o 

[0031] 
~7 (a) J±, ~iaJ:ioltQMRJtO);t--f 7AmEE-Yiff'~~JFT~"t"~Qo ~7 (a) 

~:JF-t-J: "? i,:, MRJt0)1{--{ 7 AfflEE-ftiff't~JiiP~ VJfa1,,,.::. t1;tb~•Qo ~~M:ftr-~~•t~~ 
JFT1Jf, MR1t1J'i~~TQffl:EEVhalfl± 1 2 5 0 mV t:lt'"? ~~11t~:;@jv)f@:1Jft\}~htv)Q 
o !WI, -?E*O)A 1-Offi"::to~tQMRltO)~iJ!T~1!tEEV .. a1fU3 0 0~6 0 Om VT~ 3o 

Qo ~7 (b) i.:, TMR~ro:>ili:1JfflEEVou1:li (=1{-"(7,.7,fflEfX (Rap-Rp) 
/ R a p ) ~ JF 9 o W :1JiltEE Vo u 1: 0) J\i::kfw: J;t)U{1t-1' 7 ,.7, i.: J3 1,,, t 3 8 0 m V (J)filftJttl} ~ 
ht 1,,, Q o .::. O)fwf J±.... A 1 - 0 ;t ') 7 O)~,@-O)fwf ( 2 0 0 m V ij~) O)~ 2 ,fff (J)filI't" £t> Q o 
.::. 0) J: "? t:, MR .lt l: ili:1J fflEE l: 0) jmjjj"1:'a v~{wrtJttl} ~ht.:.::. l: &i, *~Mli (J)~i,ij &: J: Q 
ftfij (J);;g~jJ'I'~ ~ 1F Lt v' Q o 

[0032] 
fPl, 1:ic.~Mfi(J)~i,ij~:131,,,tJi, BCCO)F e (0 0 1) ~fflv,t.:tJt, ftb"J~:BCC 

0) F e *-@-~, f11Jx. J;f, F e - C o -@-~, F e - N i %~, F e - P t %11£~ ffl v~ Q.::. l: 
1b "1:'~ Qo ~1,,, Jiilt~ii l: Mg O ( 0 0 1) Ri l: (J)fUJ 1:, 1 NtrRiJUi~c!JR-:F-iilJEfJtO)P-J 
~O)C o, Ni ~c:~~~A L--Cb.E!v'o 4o 

[0033] 
*~:, *~f!l3 O)~ 2 O)~Mfi(J)~i,ij&: J: Q m~~j.fi:*r& lr.-fO)~:ii!JJf.k&:--::>v)'"(~~ ~ 

{=j-'? o *~Mfi0)%i,ij 1: J: Q F e ( 0 0 1) /Mg O ( 0 0 1 ) / F e ( 0 0 1 ) TM R ~ 
r(J)~:ii!JJf.kTli .... • £ f A .1, o/ ?' 1J Y ?'"~~ c:~&: J: fJ Mg O ( 0 0 l) ~~~JL £ t.: fj: 7 
-=c Jv 7 7 ,.7, ~i~ -emfJ L.... --f (J)f~ ,: 7 .::. - Jv~l]!. ~lT; .::. l: ,: J: fJ ( o o 1 ) ffi dL ffiitJi~ 
IPJ Lt.:~~ A'£ t.: fi11!~ Jfu1ti"' Q ,~~~It l: T Q o A 1,-;, ?' ') Y 7" ~#I±, f11J ;t tf o ilafJt 
1Ji~ia (293K) -c+~~ .. ?-.lf-:;}-l:LtU2-1Yf-p(J)MgO~fflv,, Ar#lffl~ 
lf'"1:'AJ,y ?' l) :,.;7"~:fr-:::,f.:o 1JU~it:1Jtt 2 0 0W"1:'£t> t'J .. nt~~JJ(Ji 0. 0 0 8 rim/ 
s "1:'tVJ Q o .::. O)~f!f:"1:'mfJ L, t.:M g O Ji 7-=E Jv 7 7 A~!ffi'"t'-£t> Qt.:~-- ~ia:o~ ~ 3 0 0 t 
£ "1:'ia}Jf ~ J-:Jf. ~ -tt, 3 0 0 t &: J3 v' t-reltffUJ ~~ ~i"' Q .::. l: 1: J: t'J ... ~ Jfu1t ~ ht.: M so 
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·g O ~#}Q.:. t iJ'>lfL~ Q o 
[0034] 

(10) JP 2008--4956 A 2008.1.10 

~-- 0Xffl0).An$l::Lt~ ... ~-~~Oxffl#~CQ~#"t"~-~fi11i$, 0~ 
ffl~1~tJ-.;•A 9 Q 15$, O XfflO)~ Q.t}(i~t.,;11!Jx. Ji'ftl*7'7 :7..7~~.XU EI~IR1tlJ: 
c~i: J: VJ •1t~fi0 '"( ~Qfi~O) 0 Xl\a £ "'("~~, Q 15$0)\tl-fn~ ffl \t)t '{) E!_v)o 
[0035] 
u J:' * ~~JUm 0) % iij •= J: Q m ~ tlUit * T ti r.fij &: J: :tL f;f' A J"' o/ 7 1) ✓ 7♦ $ ~ ffl \t) t 7 :t 
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1':.,, :-r, Jvffil-m• l:., wr~c 1':.,, ;/', 1vffil-m•Q)• 1 00001 i::.fint ~ nt..: r-=c 11,, 7,. .7-flH1::'E'".ii 
~~i:i:~MlQ)~mtt~•l:,wJEJ-.:.,,;r...~ffilfi•Q)M200001~%nt~tt~7-=t~77.7-
ilH1::'E'"~-/J-. l:J i:i: Q • 2 Q)5ffiflH~~• t, ~ ~-t Q m~ 1--✓ * Ji,~,g,.m:Ji ~1ii .z t.::.m~m:tfi: 
*T ~= ;13 V) t' 

wric 1--✓ ;t ... 11,,•••iJ", < o o 1) ~J:i fmiJ"1~:%relti"J L t..:~~~M g o-e-&>-:) -c, •* 
:Xffl~~ L, -/J'<~, }-:.,,;r...Jt,,ffil_fiQ)j@j ~iJ'>O. 2 - 0. 5 e VQ)tQ)-/J..,.~i:i: f'J, 

*-=f-Q)£ilfil.-z"Q)ttlJJiltl±1J" 2 0 om VJ: tJ i@iv'.:. t ~~ffi l:. T Qm~m:t.it*-=f-o 
[■ >.lt:rJ.i 1 2] 

1' :,, * Jv ffil. • • l:. , wr~c r--:.,, ;t ... 11,, • • Ri tJ) • 1 oo 001 t::. tint ~ tt t..: • 1 Q) 5_m ilH~ f$:~ l: , 
mEl--:.,,;r...~ffilfi•Q)M200001~%~~tt~M2Q)~mtt~•l:, ~~-t~S~J-.:.,,;r...~ 
~ii'm:ii ~• .z t.:mm:.m:tii:*-=r &::. Jo\_,) '"'C' .. 

wric }-✓ :;j', )vffil.m_ljiJ'i, ( 0 0 1 ) *5 B~ ffiji,'>f~:%refPl Lt..: ~*'5 si Mg O -e-~ 0 '"'('., ·* 
:Xffl ~~ L, -/J,-"::>, 1' :,, ;r, Jt,,ffil_fiQ)j@j ~ 1J'> 0. 2 - 0. 5 e V Q) t Q)-/p l:J i:i: fJ, 

*-=f-Q) £ ~ -e-tJ) ttl jJ ml± i]'> 2 0 0 m V J: 'J ~ It l .:. l:. ~ ~- l:. T Q m .mJJUJi: * T 0 

[ ■ >Jt:rJ.i 1 3 ] 
1 -"::>Q) I--7 ✓ :J .A 7 t, wric 1--7:.,, -:J .A 7 Q)~fiir t L '"'C' m "l l:J ttQ m>Jt:rJi 1 , 2, 3 .. 

1 1 £ t..:i± 1 2 Q)ltlf;tt-1J-.~::.icaQ)m~m:tii:*-=fc ~~-tQic~*To 
[■ >.lt:rJ.i 1 4] 
&1aa~Bl1l::? 7' ;r... 1/ '7 A ~1L:tQ l--:.,, ;r... Jv!ilMML a r-:,, 5/'--1vMMJiitJ)ffi l oofflJH::.fil:fii 

-t-Q 9 1 5~iH1:1t~ .& a~ l--:.,, ;r... 1vfi>'l!¥§ Q)ffi 2 ooffl!l ~=wii::t ."b ~ 2 5ifHitH'-1=1t.fiJ ~ W1: ~ 
, .:. l: ~#ii c ::t~m~g}n:*:ro 
[■ >.lt:rJ.i 1 5] 
&1tfs~Bl1t? 7' :;/'--1/ '7 A ~-1[::tQ l--:,, ;r, Jt,!ilMM, ~ 1--:.,, :;j', Jv!ilfi}iitJ)ffi 1 oo:OOI i::.w:m 

1:~BCCffi~Q)·l•■tt1tM&Ual-- ✓ *~M••Q)•2oo:OOI~w:•::tQBcc•~ 
Q)ffi2nmtt{t}j~:1[::t~, .:.l:~~-l:::t~m~gm*:ro 
[■ >.lt:rJ.i 1 6 ] 
&iaa~M1l::7 7· * 1/ '7 A ~-1[-t Q }-✓ * Jv!ilfiW .. ~ }-✓ * JvM••Q)· 1 oo:OOI ~=w:11 

L, BC Cffij!Q) Fe JU± Fe *ir~-/J-.& i:i: ~- 15.mlilltl:it/i&U~ 1--:,, ;r... Jv!ilM/itJ)ffi 
2 oo:OOI ~=fil:11 L.. B C C Mi~Q) F e JUi F e *ir~-/J-. & i:i: Q ffi 2 5~HiH~1t/i ~ .:a::t ~ =- .:. 
l: ~?!'iii l: -r Q mmgtli:¥:ro 
[ffl>.lt:rJi 1 7 ] 
7-=E )v 7 7 .7-C o F e B m•M:if*:n) f? i:i: Q ffi 1 Q)5i,B't1:{t,W .. &tli~M g O x ( 0 < x 

<l)#~i:i:Q~ ✓ *~MMM&U7-=t~77.7-CoFeBmttir•#hi:i:Qffi2Q)nm 
ttitW~-1[::tQ, .:.l:.~ff•t-r~•~m•~~o 
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... 

[0¥1il.lJJU] ~m:~• 1 7 ~(T) 2 (T)ffl.5i:&.: J: Q1i!iiE(T)~­
rn~r, IRJtl • 1 $r, • 2 IRJt 
[§6lr 8 l IJZ-.fit20if=.10Jj 168 c2oos.10.16) 

[ 0 lffl .ffi:{}] ~ lffl 2008-4956(P2008-495~) 
[ 0 lffl 8] If .fit 20if=. lfj 10 8 (2008.1.10) 
[ :4: :ii.{} ti] 0 lffl • ~ ~ 0 ¥1! 2008--001 
[l±Hfii.ffi:{}] ~J,ffi2007-210197(P2007-210197) 
[~~!ff m: %~] 

HO 1 L 43/10 
HO 1 L 43/08 
HO 1 L 43/12 
H O 1 L 21/8246 
HO I L 27/105 

[ F I l 
HO 1 L 43/10 
HO 1 L 43/08 
HO I L 43/12 
HO I L 27/10 

[ =f~1ili iE :&] 

(2006.01) 
(2006.01) 
(2006.01) 
(2006.01) 
(2006.01) 

z 

4 4 7 

[~/:11 Bl 3:f-.fit20if=.9Jj 28 (2008.9.2) 
[=f~1iliiE 1] 
[ 1i1i iE M ~ =&~ !& l ~ m: ffl * (T) ffi lffl 
[1iliiEM~JJl § ~l 1i!X 
[1iliiE:n~] ~]! 
[ 1lfl iE (T) pig §] 

[ ~ m: ~ * (T) ffi lffl ] 
[ffl>Jt:ij{ 1 ] 

JP 2008-4956 A5 2008.10.16 

J-- ✓ *~•MMt,MEI-- ✓ *~•-•(T)-lffii■~B~~hkBCCa~~~TQ. 
l(T)nmtt~Wc,aE}- ✓ *~•-·(T)·2ffii■ ~BP.t~hkBCCa~~~TQ.2 
(T)siiH!.~J@ t, ~ ~-t Q •~ 1--✓ * )v~-@-•~ ~ff,lj .i. t.:m~mt.it~-=r ~= 131.-, "'(, 

aic.J--:,,*Jv.MMili, 1:i!MAMgO (O o 1) ~Qv,tt (O o 1) MAffiiil"11!9eifc!JtiJ 
LJ.:~MaiMgO-e-~0--C ... le~xffl~~L ... i:r•0, J-- ✓ .:f-Jv.M(T)~~ili0. 2-0. 
5 eV(7)'<b(T)iJ"-;~VJ, 

~r(T)¥.ia"t''(7)/:11::tJmJ±ili 2 o Om VJ: tJ iWiv'.:. c ~~~ c T QiHn.mt.it*ro 
Cffl>Jtm ·2 1 

}- :,, * Jv.MJ@ c, air. 1--:,, * Jv.MW(T)• 1 ffii■ t.:fi~ ~ ht.: F e ( o o 1) iJ"-; ~ 
Q. 1 (T)SiS't!.~Ri c, Mic}-:,, .:r--Jv.MW(T). 2 ffii■ l.:fint ~ ht.: F e ( 0 0 1) -/J"-; 
~ Q. 2 (T)S.iiH~~- c, ~~T Q m1n. }- ✓ ;;r--. }v~-@--~ ~ffi.i. t.:il~~lmt.it*r~= i3 v:~ --C 

air. 1--:,, .:r--Jv.ltMili, ¥MAM g O ( o o 1) ~Q v' Ji ( o o 1) Maiffiiili~;'eifc!JtiJ 
Lt.:~MAM g o-e~ 0 "'(, -~xffl ~~ L, 1)"-0, }- ✓ .:f-)v •• (T)"jwj ~ i)i O. 2 - 0. 
5 e V (T) 'lb (T) iJ"-; ~ VJ , 

*-=f-0)¥.ia-e(T)lfijJ'mEEil~ 2 0 0 m VJ: tJ iWiv'.:. c ~~~ c T Qm~mr.it~ro 
Cffl*m 31 

J-- ✓ *~•MMc,MEJ--:,,.:r--~•-•(T)·lffii■ ~B~~hkBCCa~~~TQF 
e*-@-.(7)1:i!MA ( o o 1) £ t..:li ( o o 1) Mifliffiiil~~;'eii!JtiJ Lt.:~MaiiJ•~~-l>-1 
O)BStt~Wc,MEI-- ✓ .:f-~•-•(T)·2ffii■ ~fi.Jit~hkBCCm~~~TQFe* 
~·0)1:i!MA(OOI) ik~ (OOl)MAffiiil.9eifc!JtiJLk~M&~;~Q-2(T)n 
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(2) JP 2008-4956 AS 2008.10.16 

lill't1:-tf;:Ji l::. , ~ ~9 Q m~ 1--:,,, * Jv:m%ffim ~'Pi .z t.:m~mtit~-=r •:. 13 ") -z-, 
wf~r,}-:,,,;r,Jv~~JijiJ{.,. lp.~~MgO (001) ~QPJi (0 0 1) ~e'1tifiliJ{fif)'6~1J:iJ 

Lt.:~~~ M g O -e ~ 0 "t' , A!~ X ffi ~ ~ L , 'TJ• 0, 1--:,,, * 1v !iif ~ 0) ~ ~ iJi o . 2 ----0 . 
5 e V (]) 1b 0) 'TJ• I'.:, q V) , 

~r(J)¥.iffil.--Z--(])lliJJmE£iJi 2 o Om VJ: V) ~v,.::. l::. ~!Wil: l::. 9 Q.JB~!lHit~ro 
[ffi>Jt:r.& 4] 

( 0 o 1 ) ti1f ~ ImiJi~)tWt!IJ:iJ L t.:~~i:WtM g O -e~ 0 "t', -~ Xffi 'S:-~ L, ·/p0, t- :,,, 
*Jv!iif!!i(J)~~iJiO. 2 - 0. 5 e V0)1'}0)-/J•i'.:JqQ.::. l::. ~!Wil:l::. 9,t:i:¥.iffil--Z--O)l±\trmEE 
iJi 2 0 0 m VJ: V) ~ltlJB~fJUfi:~rO) }-:,,, ;r, JvlttMJiio 

[ffi>Jt:r.& 5 ] 
£~~*ffi9 Q* 1 Itll::. ... 
wr~r.£~J: ,:. * 1 (]) F e £ t.: U B C C ffi m ~ ~ 9° Q F e ffi%1fi 0) Jp.tilf ~ ( 0 0 1 ) Ai £ 

t..: ii ( o o 1) ~e'1t ImiJi~,'6~crf:iJ Lt..:~~ i:WtJii ~iiHf9 Q * 2 It¥ l::., 
wUc.* 1 (]) F e £ t.: ~± B CC fflm ~ ~--t Q F e ffi%ifi(J) ( 0 0 1 ) Ni J: •:., r-:,,, ;r, Jv~ 

~Ai ~~~~r ~:. Jo 1t, --c:tiHi9° Q ~ 3 If¥ l::., 
mT ic. 1-:,,, ;r, Jv !iii~ Ji J: ~:. • 2 (]) F e £ t.: tt B C C ffi m ~ ~ 9 Q F e * % if2 (]) !litilf i:Wt ( O 

0 1) Jiit..:fi (0 0 1) ~~fmiJi~,'6~crf:iJLt..:~~~Ji~~$:9Q~4It!El::., 
~ 1'f 9 ~ m ~tJ£ tit~ -=r 0) ~ m :n ~ ~:. 1o ", --c , 

mric.t-:,,,;r,Jv!iif~JiiJi, ¥~e'i!MgO (0 0 1) ~~1,,qi (0 0 1) ~~ffiiiJif~)t~CIJ:iJ 
Lt-=~~~M g o-z--~ 0 --c, A!~xffl ~~ L ... tp0, 1--:,,, * Jv~~O)~ ~ 7'Ji o. 2 - o. 
5 e V (J) 1b (])-/J• I'.:, q V), 

~r(J)¥.i.Jffi.--Z--O)l±\jJmE£iJi 2 0 0 m VJ: V) ~Ill C:. l::. ~!Wil: l::. 9 Q n~o 

[ffi>Jt:r.& 6] 
!i!;ta~MgO (0 0 1) ~~t,,u (0 0 1) ~i:Wt1ffi7'J{fiJ!)tj'gcrf:iJLt.:~~~MgO'13•1:>q 

Q£~~~1mJ9Q* 1 It¥l::., 
mrir.£~J:•:.• 1 (J)F e £ t..:,iB C Cffi:i!~~9Q F effi%ifi(J)lp.~~ ( O O 1) Ji£ 

t.: fi ( 0 0 1) ~~ ffiiiJi~)'6ffi:rf:iJ Lt.: ~~~Ai ~iiUi L-. * P--Z--, ~~11::(J) t.: ~O) 7.::. -
Jv ~ fr -5 * 2 It¥ l::. , 

mrir.* 1 <7) F e £ t..: I± BC C ffim~;;g-9 Q F e ffi%ifi0) ( O O 1) Ni J: ~:. 1--:,,, ;r, Jv~~ 
1w ~ ~ ~ ~ r ~:. Jo 1.t) "'C :tiUi 9 Q * 3 It¥ l::. , 

mric. r-:,,, * Jv~~JiiJ: ,:. • 2 0) F e £ t.: Ji BC Cffim ~1'f9 Q F e ffi%if20)1j!;Ta~ ( O 
0 1 ) Hi£ t..: f± ( 0 0 1 ) ~ e'i! mi iJifJt"6~2rf:iJ Lt.:~~ e'1tJii ~ ~$: 9 Q • 4 If¥ l::. -. 
~ 1'f 9 ~ m~tJ£rit~r(J)~J!:n~ ~:. 13 "' --c, 

mrir. r- :,,, * Jvlii!~Jii7'J{, !i!~ e'i!M g O ( 0 0 1 ) ~ ~ v) fi ( 0 0 1) ~ a'1i 1ffiiJif§:)t~crf:iJ 
Lt-=~*t~M g o-e~ 0 "'C' ffi~Xffi ~~ L, 1)•0, }- ✓ * )v~~(J)~ ~ iJi 0. 2 - 0. 
5 e V 0) <b 0) -/J· I'.:, q V) , 
~ -=f-0) ¥. iffil. -e (]) lli jJ mEE 7'Ji 2 o O m V J: "J ~ 1t, .::. l::. ~ !Wil: l::. 9 Q n~ o 

[ ffi >Jt :fJl 7 ] 
mf~r.*1It¥l::.*2Itl£l::.(])fDJt:., !i!iTae'1tMgO (0 0 1) ~Qv,Ji (0 0 1) ~~iii 

iJif~ 96 ~ [tij L t.: ~ ~ e'1t M g O iJ· I'.:, q Q 1/ - 1--" Jii ~ $: ~ ~ -it Q If¥ 'S:-# :JJD L t.: .::. l::. 'S:-~- l::. 
9 Q ffi>Jt:r.& 5 £ t.: U 6 •:.ic..O)JB~tJ£:f'it~-=f-(J)~m1r~o 

[~;jt)j{ 8] 
£~ ~ *fi9 Q It¥ l::. , 
wJir.£~J:l:. * 1 (]) F e £ t.: Ji BC Cffi:@ ~~9 ,t:i F e ffi%~0)!j!~ ~ ( 0 0 1 ) Jii £ 

t.:1± ( o o 1) ~~ImiJi~)'6~rf:iJ Lt.:~tilf~Jii'S:-:tiHi9°Qit¥l::., 
wJE•l(J)Fe£t.:tiBCCffi:i!~~9QFeffi%.O) (00l)JiJ:~7~~77A 

Mg OJi ~~$: L, 7 .::.- )vi:. J: V) wiic.7~ )v 7 7 AM g OA'i ~~~11:: L "'C ·~~Mg 0 
x (0 0 1) ~Q1t,1;;t (001) tilf~IfijiJi~)'6~i!rf:iJLk~~~MgOx (O<x< 1) -/J•. 
; q Q t-:,,, * JvllHIJii ~~$:9 Q ItlE l::. ... 

wJE 1--Y * Jv!iif~Ji J: ,:. • 2 (]) F e £ t.: tt BC Cffi:@ ~1'f9 ,t:i F e ffi%.O)lp.*'1f ~ ( 0 
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(3) JP 2008-4956 AS 2008.10.16 

o 1) Jwi t.:U ( o o 1) ~~imiJ 1~:%~i:!(tij L,t.:~~JliJ.i~:i1UJT¢.If1El:: ... 
~~T¢~l::*•l::-t-¢m~•m•+<l)m€1i~o 
[■*JJi 9] 
lJ!f~G 7.:£-Jv 7 7 .7-. Mg O Jw ~%JocT ¢ l:: ~ ... .7-. 1-{-:; 11 1J :,,, ~ii:~=- J:. "J ... Mg O x <7) x fiOC 

~~•mdj.<7) 11 --r- -Y 1' ~ ffl "" t:i1Hi ... %nt-t- ¢ ~ c ~*• c T ¢ ■3Jt.JJl 8 ~.: ic.~<l)m~ 
jll;}Ji: * + <7) ~ ~ 1iii: 0 

CM*JJi 1 o l 
ME7.:£-~77.7-.MgO~%JocT¢.Ift~~ ... MgOx<l)xfi~~-T¢Ift~~b~ 

t~*•t-t-¢M*JJi8~E8<7)m~•m•+<l)m~1i~o 
[M*JJi 1 l] 

1':,,, i, 1v~m1w t ... Mic r-:,,, i, Jv~~Jw<l)M 1 im1JllJ ,.:%,oc ~ tlt.: 7.:f- Jv7 7 .7-.i!H1.:-ft1?i 
iJ'>· '::> ~ ¢ M 1 <7)5ilH1.:-tt;:■ t ... Mic 1' :,,, ;r-Jv~m■ O) M 2 ffiffi!J •.: %nt ~ ht.: 7 .:c Jv 7 7 .7-. 
mtt~~~;~¢•2<7)nmtt-tt;:■ t ... ~~T¢m•1-- ✓ *~•*•~~-~km~•m 
•+~=Jo \,,'It ... 

Mic.1--:,,,;r,)v~!ii•iJ 1 ,. (0 0 1) *'5~ffiiiJ'i1~5t;~[ti]L,t.:~~BiMgO-Z:-~-::>t, me• 
?Zffl ~ ~ L,, ·IJ'•--?-. 1' :,,, ;r-Jv.!ji<l)~ ~ 1J1 0 . 2 - 0. 5 e V (J) l> <l)iJ'•; ~ fJ ,. 

*+<7)¥-iffil.--C-<7)/:fjjJffl:J±iJ'i 2 0 0 m VJ:. 'J ~"' ~ l:: ~*• t T ¢ m1n:jll;:tfi:*+o 
[M>.lt:rJi 1 2 l 

1' :,,, .:f-Jv ~~Ni t ,. Mic r- :,,, i---Jv. !!i • <7) M 1 im 1JllJ ~.: % nt ~ tL t.: M 1 <7) 5! m •t1.:~Ni t ,. 
M2r- ✓ .:f-~•-·0)·2im1JllJ~Bnt~tLkM2<7)nmtt~•t ... ~~9¢-~} ✓ ;f-~ 
**•~ ~• x_ t.:m~•tJL*+ •= 1o "' -c, 

Mir.t-:,,,i,Jv.~JwiJ'i, (0 o 1) *s~imiJ 11~5t;~(tijL,t.:~~~MgO--C-~0t ... me* 
xrn~~L,,. ·/J•--? ... 1' :,,,_:r,Jv.!Ji<l)~~iJ'iO. 2-0. 5 e V<l)l><l)-/J•;~ 'J ... 

*+<7)~.ili --C-<7)/:fjjJ'iltfEt1 2 0 om VJ:. ~ ~v" ~ l:: ~*• l:: T ¢ fS~jll;}fi:.ro 
[M>Jt]j[ 1 3 l 
Bcc•~~«t¢Ml<7)~-tt¢¥, Bcc•~~«t¢M2<7)nmtt¢¥HUBM 

1 <7) 5fE't1.:¢¥ l:: BM 2 <7)5fE'ti¢¥ l:: <7) 118 ~=tttit ¢ ti* XfflO) flit'"=< 7~ i---Y '7 A ffijB~ 
~~#t¢~l::~~~l::tQE%~m*ro 

[M>Jt]j[ 1 4 l 
1 --?<7) 1--7:,,, :J .7-. 7 c ... Mir. r- 7 ✓ :J .7-. 7 <l)~fiij' c L, -r ffl v"; ;flQ M>Jt]j[ 1, 2, 3, 

1 1, 1 2 £ t.:tl: 1 3 <1)1t,--ftL-/J·~=-~r.tt<l)m1n:aUJL*+c ~~T¢fGffi*ro 
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[0¥ll.f!JJU] *m:n:• 1 7 ~{f) 2 {f)ffl.JEi: J: ~1iff.if{f)~;t 
rnir,IR%1 • 1 $r,• 2 IR% 
[§sfr 8] .3:fl-P.t221f. SJ:! 278 (2010.5.27) 

[ 0 Im ilr%] ~ !fl 2008--4956(P2008--495&\) 
[ 0 Im 8] 3¥-P.t20¥1J:1108 (2008.1.10) 
[1f.;m%Jtl 0M • fl~0fll2008-001 
[ l±lB¾%] ~-2007-210197(P2007-210197) 
[~~~m:,t~] 

HO 1 L 43/10 
HO 1 L 43/08 
HO 1 L 43/12 
H O 1 L 21/8246 
HO 1 L 27/105 

[ F I l 
Ho· 1 L 43/10 
HO 1 L 43/08 
HO 1 L 43/12 
HO 1 L 27/10 

[~~1ili.iflf] 

(2006.01) 
(2006.01) 
(2006.01) 
(2006.01) 
(2006.01) 

z 

4 4 7 

[~l±l 8 l -'o/-P.t221f.4J:1138 (2010.4.13) 
[~~1ili.iE 1 ] 
[ 1lli .if M ~ ~~ ~ l * m: ffi >Jt {f) $a lffl 
[1m.iEM~JJl § ~l ~x 
[1m.iE:1J~] ~!I! 
[ 1ili .if {f) p;j ~] 

Mt m: ffi * {f) $e: lffl l 
[ffi:5;KJJ{ 1 ] 

JP 2008-4956 AS 2010.5.27 

f- ✓ *N•mac ... ~Er- ✓ *~•-·{f)·liii■ KBP.t~h~-l{f)••tt~Sc ... 
~Er- ✓ *N•··{f)-2ffi■ ~BP.t~h~ffi2{7)••tt~ac ... ~-T~-~r- ✓ *~ 
~-%•~ ~•x. t.:iHo:mtJt*-=r ~= io I,,) --c-... 

~1G r-✓ * Jv.mSiJ" ... li1*'5a~M g O ( 0 0 1) ~ ~ v) Ji ( 0 0 1) t.1iJit ffi:iJif1£5icreloJ 
LJ.: ~t.1i JiiM g O -e~-:> --C-... •*?(ffl ~- L ... -Jp--::;, 1' ✓ * Jv--(7)~ ~ :iJ" 0. 2 - 0. 
5 e V {f) t {f) iJ" t:> ~ tJ ... 

*-r{f)~ili\l-C-{f)l±ijJmJ±:iJ" 2 O Om VJ: rJ ~1,,).:: c ~~- c T ~ m1n.mtJt*-=f-o 
[ ffi :5;K JJl 2 ] 
lruiiG. 1 {f)5,i?t1H1:1t.Ji c lruBGffi 2 {7)5giSH1:1t.Ji:iJ", c ?{) i: BC cm~~?B:::t~.:: c ~~ 

acT~ffl*ffllE¥{f)m~mm*-=f-o 
[ffi:5;KJJ{ 3 ] 
JruEffil{f)M■tt,ft,JicIDIEffi2{f)M■tt,ft}i#, ctKBCCa~~-T~Fe*-% 

~{f)lj!mi ~ ( 0 0 1 ) i t.: ii ( 0 0 1 ) t.1i Jii iiiiJ~~;ierereJ Lt.:~ mi Jii iJ .. '2 ~ ~ .:: c ~~­
c T ~ ■*ffl l E¥{7)81n.mm*-=f-o 
[~:5;KJJ{ 4 ] 
JruEFe*%.#CoFeB%•-e~~.::c~&~c::t~ ■-ffl3E~{f)■~amz~ 

j)__ 

[~;jtlj{ 5] 
( 0 0 1) mia'1riffi:iJi•;'erereJ Lt.:~miJitM g O-e~-:>--C-... •*?(rn'a:'•L ... -IJ-.--::; ... r-✓ 

*Jv--{f)~~ifO. 2 - O. 5 e V{f)?{)(f)iJ--.t-:J~~.:: c ~~1.lc T~~iJl-C-(f)l±ijJmJ± 
iJ'> 2 0 Om VJ: rJ ~v)mm•tJt*-=f-{f) r-✓ * Jv •• A'io 
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(2) JP 2008--4956 AS 2010.5.27 

[ffi;jt)l{ 6] 
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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. NAGl-0003 

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

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

Art Unit 2892 

Examiner: 
Alonzo Chambliss 

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

Sir: 

This is in response to the Office Action mailed on 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: 

I 
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IN THE SPECIFICATION 

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

MAGNETIC TUNNEL JUNCTION DEVICEMULTILAYER FILM 

-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. (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 (00 l) 

crystal plane is preferentially oriented or a poly-crystalline in which (00 l) crystal 

plane is preferentially oriented, and 

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

0.2 to 0.5 eV. 

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

first and second ferromagnetic material layers comprises CoFeB alloy. 

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 (00 l) 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 I (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. 

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, t,each 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 I, 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 added). 

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 (Co70Fe30) 1oo-xBx 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 A'2O3, 

the tunnel barrier can also be formed from other amorphous materials." (Col. 13, II. 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 II and/or Nashimoto, fails to teach, disclose, or suggest each and every 
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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 an)' outstanding issues requiring discussion ~hat 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. 

STITES & HARBISON PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-143 7 
(703) 739-4900 Voice 
(703) 739-9577 Fax 
Customer No. 38327 
October 24, 2011 

222705: I :ALEXANDRIA 

-7-

Respectfully submitted, 

Nicholas B. Trenkle 
Registration Number 54,500 

~ .An PIHi F. L,.,, J., -- AA 
,-----r--- ·O~;, 

Juan Carlos A. Marquez 
Registration Number 34,072 
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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 Amendment 
Commissioner of Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

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

Art Unit 2892 

Examiner: 
Alonzo Chambliss 

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) 

Inde~endent 2 2 X $250 0 
C aims 

(Over 3) 

MULTIPLE + $450 0 
DEPENDENT 
CLAIM(S) 

REDUCTION FOR FILING BY SMALL ENTITI (note 37 C.F.R. §§ 1.9, 1.27, 1.28). x½ 

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 
Preliminary Amendment 

[ x] Information Disclosure Statement 
[ ] sheet of replacement drawings 
[ ] RCE 
[ ] Other: -----
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[ ] Applicant(s) hereby request and pet1t1on that the time for taking action in this case be 
extended pursuant to 37 C.F.R. § 1.136(a) for: 
[ ] one (1) month [ ] two (2) months [ ] three (3) months 

The fee set in 3 7 C.F .R. § 1.17 for the extension of time is $ ___ for a large/small entity. 

[ x] Credit card infonnation for $180.00 to cover the IDS 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. 

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 

200502: I :ALEXANDRIA 

Respectfully submitted, 

l)~Z~P>11. 
Juan Carlos A. Marquez 
Registration No. 34,072 
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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 

Commissioner of Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

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

Art Unit 2892 

Examiner: 
Alonzo Chambliss 

10/25/2011 CCHAU1 00000044 12923643 
01 FC:180& 180.00 OP 

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] (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 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 l(c) or l(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 

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

provided in this paper in accordance with prescribed procedures. 

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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Respectfully submitted, 

Juan Carlos A. Marquez 
Registration Number 34,072 
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Customized PTO/SB/08a+b 07-09 

Substitute for Form 1449/PTO 

INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT First Inventor 

Art Unit 
Examiner 

Sheet j_of 1 Docket# 

U.S. PATENT DOCUMENTS 
Exam. Document No. Publ. Date Name 
Initial* Number - Kind Code MM-DD-YYYY Patentee or Aoolicant 

2008/0062581 A 1 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 PA TENT DOCUMENTS 
Exam. Country-Number- Publ. Date Name 
Initial* Kind Code If known MM-DD- Patentee or Applicant 

yyyy 

NON PATENT LITERATURE DOCUMENTS 
Exam. Include NAME of the author (in CAPS), Title of Article/Item, Date, Page(s), 
Initial* Volume-Issue No., Publisher, City and/or Country where published 

Examiner Signature I I Date Considered I 

12/923,643 
8219 

Se tember 30, 2010 
YUASA 

2892 
Alonzo Chambliss 

NAGl-0003 

Relevance 
Passages/Figs. 

Relevance Trans-
Passages/Figs. lation 

Translation 

* 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. 0MB 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 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PTO-875 12/923,643 09/30/2010 □ To be Mailed 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY 0 OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

0 BASIC FEE N/A N/A N/A N/A 
(37 CFR 1.16(a), (b), or (cl) 

□ SEARCH FEE N/A N/A N/A N/A 
(37 CFR 1.16(k), (i), or (ml) 

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A N/A 

TOTAL CLAIMS 
minus 20 = * X $ OR X $ (37 CFR 1.16(i)) = = 

INDEPENDENT CLAIMS 
* X $ X $ (37 CFR 1.16(h)) minus 3 = = = 

If the specification and drawings exceed 100 

□APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(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 "O" in column 2. TOTAL TOTAL 

APPLICATION AS AMENDED - PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 

10/24/2011 REMAINING NUMBER PRESENT 
RATE($) 

ADDITIONAL 
RATE($) 

ADDITIONAL 
f-- AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
z AMENDMENT PAID FOR 
w 

Total (37 CFR 
~ 1.16(i)) * 3 Minus ** 20 = 0 X $ = OR X $60= 0 
0 Independent z * 2 Minus ***3 = 0 X $ = OR X $250= 0 w (37 CFR 1 .16(h)) 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL TOTAL 
ADD'L OR ADD'L 0 
FEE FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 

f--
AMENDMENT PAID FOR 

z Total (37 CFR 
* Minus ** = X $ = OR X $ = w 1.16(i)) 

~ Independent 
* Minus *** = X $ = OR X $ = 

0 (37 CFR 1 .16(h)) 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. 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 1nformat1on 1s required by 37 CFR 1.16. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s to file (and by the US PTO 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 US PTO. 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, ca/11-800-PTO-9199 and select option 2. 
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PTO/SB/06 (07-06) 
Approved for use through 1/31/2007. 0MB 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 0MB control number. 
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Office Action Summary 

Application No. 

12/923,643 

Examiner 

ALONZO CHAMBLISS 

Applicant(s) 

YUASA, SHINJI 

Art Unit 

2892 

-- The MAILING DA TE 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 ;J. 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 )IZI Responsive to communication(s) filed on 24 October 2011. 

2a)IZ! This action is FINAL. 2b)D This action is non-final. 

3)0 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. 

4)0 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)1Zl Claim(s) 20-22 is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 

6)0 Claim(s) __ is/are allowed. 

7)[8J Claim(s) 20-22 is/are rejected. 

8)0 Claim(s) __ is/are objected to. 

9)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

1 0)D The specification is objected to by the Examiner. 

11 )0 The drawing(s) filed on __ is/are: a)D accepted or b)D 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)0 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)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)D All b)D Some * c)D None of: 

1.0 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) D Notice of References Cited (PTO-892) 

2) D Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) D Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) D Notice of Informal Patent Application 3) [8J Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 10/6/11 10/24111. 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 03-11) 

6) [8J Other: see detailed action. 

Office Action Summary Part of Paper No./Mail Date 20111106 
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Application/Control Number: 12/923,643 

Art Unit: 2892 

DETAILED ACTION 

Page 2 

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: 

1. Determining the scope and contents of the prior art. 
2. Ascertaining the differences between the prior art and the claims at issue. 
3. Resolving the level of ordinary skill in the pertinent art. 
4. Considering objective evidence present in the application indicating 

obviousness or nonobviousness. 

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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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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and to prevent possible harassment by multiple assignees. A nonstatutory 

Page 4 

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 Langi, 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 

WD EX1004 
Western Digital v IP Bridge 

Page 232



Application/Control Number: 12/923,643 

Art Unit: 2892 

Page 5 

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 

WD EX1004 
Western Digital v IP Bridge 

Page 233



Application/Control Number: 12/923,643 

Art Unit: 2892 

Page 6 

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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&TRI\O 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 MuL TILA YER FILM (As Amended) 

Attorney Docket No. NAGI.0003 

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

Sir: 

LETTER 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Art Unit 2892 

Examiner: 
Alonzo Chambliss 

Th~ 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 

IRl The Commissioner is hereby authorized to charge payment of any fees associated 
with this communication, including fees under 3 7 C.F .R. § 1.16 and 1.17 or credit any 
overpayment to Deposit Account Number 12-0555. 

STITES & HARBISON PLLC 
1199 North Fairfax Street, Suite 900 
Alexandria, Virginia 22314 
(703) 739-4900 
Customer No.: 38327 
December 29, 2011 

230701 :1 :ALEXANDRIA 

Respectfully submitted, 
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1 ' NITED 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 
Examiner: 
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 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) 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 
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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 l(c) or l(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; 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 informat_ion 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. 

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 

230690: I :ALEXANDRIA 

Respectfully submitted, 
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Customized PTO/SB/08a+b 07-09 

Substitute for Form 1449/PTO A lication # 
Confirmation # 

INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 

Filin Date 
First Inventor 

Art Unit 
Examiner 

Sheet 1 of 1 Docket# 

U.S. PATENT DOCUMENTS 
Exam. Document No. Publ. Date Name 
Initial* Number - Kind Code MM-DD-YYYY Patentee or Aoolicant 

FOREIGN PATENT DOCUMENTS 
Exam. Country-Number- Publ. Date Name 
Initial* Kind.Code If known MM-DD- Patentee or Applicant 

yyyy 

NON PA TENT LITERATURE DOCUMENTS 
Exam. Include NAME of the author (in CAPS), Title of Article/Item, Date, Page(s), 
Initial* Volume-Issue No., Publisher, City and/or Country where published 

12/923,643 
8219 

Se tember 30, 2010 
YUASA 

2892 
Chambliss, Alonzo 

NAGl-0003 

Relevance 
Passages/Figs .. 

Relevance Trans-
Passages/Figs. lation 

Translation 

"Giant tunnel magnetoresistance in magnetic tunnel junctions with a crystalline 
M9O(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 I I Date Considered I 
* 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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~-
.,, FEB 1 4 2012 ,. 

\ 
" ITED STATES PATENT AND TRADEMARK OFFICE 

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. (Previously Presented) 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 

0.2 to 0.5 eV. 

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

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

22. (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 cance_led 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)(l) 

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 herewith, 

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. 
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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 .. 

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 

236200: I :ALEXANDRIA 

-4-

Respectfully submitted, 

Nicholas B. Trenkle 
Registration Number 54,500 

7J~£~ru~ 
Juan Carlos A. Marquez 
Registration Number 34,072 
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-o FEB 1 4 201 t . THE UNITED STATES PATENT AND TRADEMARK OFFICE 
<f ~'40EMA.~~ 

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

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

Art Unit 2892 

Examiner 
Alonzo Chambliss 

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 2 3 X $60 0 

(Over 20) 

Inde~endent 1 2 X $250 0 
C aims 

(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). x½ 

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 

] Information Disclosure Statement 
] _ sheets of replacement drawings 
] RCE 
] Other: 
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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. § l.136(a) for: 
[ ] one (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 associ.ated 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. 

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 

236334: I :ALEXANDRIA 

Respectfully submitted, 

Juan Carlos A. Marquez 
Registration No. 34,072 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 

YUASA 

Application Number: 12/923,643 

Filed: September 30, 2010 

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 

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

Art Unit 2892 

Examiner 
. Alonzo Chambliss 

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 Agency 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 

Science and Technology are also the owners of 100 percent of the right, title and interest to U.S. 

Patent No. 7,884,403 by assignment and hereby disclaims, except as otherwise provided 

hereinbelow, the terminal part of any patent granted on the above-captioned patent application, 

which would extend beyond the expiration date of the full statutory term of the prior 

applications U.S. Patent No. 7,884,403, the term of said prior applications is defined in 35 

U.S.C. §§ 154 and 173, and as the 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 

02/15/2012 NBELET~l 00000046 12923643 
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Terminal Disclaimer 
Page 2 

applications are commonly owned. This agreement runs with any 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. 

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 

236329: I :ALEXANDRIA 

Respectfully submitted, 

D+ ~ ~ .Pi,"( 

Juan Carlos A. Marquez 
Registration Number 34,072 
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PTO/SB/06 (07-06) 
Approved for use through 1/31/2007. 0MB 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 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PTO-875 12/923,643 09/30/2010 □ To be Mailed 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY 0 OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

0 BASIC FEE N/A N/A N/A N/A 
(37 CFR 1.16(a), (b), or (cl) 

□ SEARCH FEE N/A N/A N/A N/A 
(37 CFR 1.16(k), (i), or (ml) 

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A N/A 

TOTAL CLAIMS 
minus 20 = * X $ OR X $ (37 CFR 1.16(i)) = = 

INDEPENDENT CLAIMS * X $ X $ (37 CFR 1.16(h)) minus 3 = = = 

If the specification and drawings exceed 100 

□APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(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 "O" in column 2. TOTAL TOTAL 

APPLICATION AS AMENDED - PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 

02/14/2012 REMAINING NUMBER PRESENT 
RATE($) 

ADDITIONAL 
RATE($) 

ADDITIONAL 
f-- AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
z AMENDMENT PAID FOR 
w 

Total (37 CFR 
~ 1.16(i)) 

* 2 Minus ** 20 = 0 X $ = OR X $60= 0 
0 Independent z * 1 Minus ***3 = 0 X $ = OR X $250= 0 w (37 CFR 1 .16(h)) 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL TOTAL 
ADD'L OR ADD'L 0 
FEE FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 

f--
AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = X $ = OR X $ = w 1.16(i)) 

~ Independent * Minus *** = X $ = OR X $ = 
0 (37 CFR 1 .16(h)) 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. Legal Instrument Examiner: 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /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 1nformat1on 1s required by 37 CFR 1.16. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s to file (and by the US PTO 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 US PTO. 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, ca/11-800-PTO-9199 and select option 2. 
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PTO/SB/06 (07-06) 
Approved for use through 1/31/2007. 0MB 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 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PTO-875 12/923,643 09/30/2010 □ To be Mailed 

APPLICATION AS FILED- PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY 0 OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

□ 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 (ml) 

N/A N/A N/A N/A 

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A N/A 

TOTAL CLAIMS * X $ OR X $ (37 CFR 1.16(i)) minus 20 = = = 

INDEPENDENT CLAIMS 
minus 3 = * X $ X $ (37 CFR 1.16(h)) = = 

If the specification and drawings exceed 100 

□APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(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 "O" in column 2. TOTAL TOTAL 

APPLICATION AS AMENDED - PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 

02/14/2012 REMAINING NUMBER PRESENT 
RATE($) 

ADDITIONAL 
RATE($) 

ADDITIONAL 
f-- AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
z AMENDMENT PAID FOR 
w 

Total (37 CFR ~ 1.16(i)) 
* 2 Minus ** 20 = 0 X $ = OR X $60= 0 

0 
Independent z * 1 Minus ***6 = 0 X $ = OR X $250= 0 w (37 CFR 1 .16fh\\ 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL TOTAL 
ADD'L OR ADD'L 0 
FEE FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 

f--
AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = X $ = OR X $ = w 1.16(i\\ 

~ Independent * Minus *** X $ = OR X $ = 
0 (37 CFR 1.16(hll = 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

* If the entry in column 1 is less than the entry 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 1nformat1on 1s required by 37 CFR 1.16. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s to file (and by the US PTO 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. Applicant(s)/Patent under 
Reexamination 

12/923,643 YUASA, SHINJI 

Document Code - DISQ Internal Document - DO NOT MAIL 

TERMINAL 
~APPROVED □ DISAPPROVED DISCLAIMER 

This patent is subject 
Date Filed : 02/14/12 to a Terminal 

Disclaimer 

I Approved/Disapproved by: I 

Lawana Hixon 

U.S. Patent and Trademark Office 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

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 

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 ruNCTION DEVICE 

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 Sa on Part B - Fee(s) 
Transmittal and pay the PUBLICATION FEE (if required) and 1/2 
the ISSUE FEE shown above. 

IL 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 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I 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 I, 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 I 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 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

38327 7590 03/07/2012 

Juan Carlos A. Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

APPLICATION NO. FILING DATE 

12/923,643 09/30/2010 

TITLE OF INVENTION: MAGNETIC TUNNEL ruNCTION DEVICE 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1740 

EXAMINER ART UNIT 

CHAMBLISS, ALONZO 2892 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. 

Shinji Yuasa NAGI-0003 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE 

$300 $0 

CLASS-SUBCLASS 

257-295000 

2. For printing on the patent front page, list 

(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

$2040 

(Depositor's name) 

(Signature) 

(Date) 

CONFIRMATION NO. 

8219 

DATE DUE 

06/07/2012 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

2 ______________ _ 

3 ______________ _ 

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) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 

0 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). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.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 Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

12/923,643 09/30/2010 Shinji Yuasa 

38327 7590 03/07/2012 

Juan Carlos A Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

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

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

NAGI-0003 8219 

EXAMINER 

CHAMBLISS, ALONZO 

ART UNIT PAPER NUMBER 

2892 

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 O 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 O 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 (5 U.S.C. 552) and the Privacy Act (5 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. 

2. 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. 

3. 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. 

4. 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). 

5. 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. 

6. 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)). 

7. 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. 

8. 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 CPR 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. 

9. 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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Notice of Allowability 

Application No. 

12/923,643 
Examiner 

ALONZO CHAMBLISS 

Applicant(s) 

YUASA, SHINJI 
Art Unit 

2892 

-- The MAILING DA TE 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. [8J This communication is responsive to the terminal disclaimer filed on 2/14/12. 

2. D 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. [8J The allowed claim(s) is/are 20 and 21. 

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

a) D All b) D Some* c) D None of the: 

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

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D 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. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D 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. D Notice of References Cited (PTO-892) 

2. D Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. [8J Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 12/29/11 

4. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

U.S. Patent and Trademark Office 

5. D Notice of Informal Patent Application 

6. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

7. D Examiner's Amendment/Comment 

8. D Examiner's Statement of Reasons for Allowance 

9. [8J Other See Detailed Action. 

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 

Art Unit: 2892 

DETAILED ACTION 

Information Disclosure Statement 

Page 2 

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 

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 

Examiner Art Unit 

Alonzo Chambliss 2892 

SEARCHED 

Class I Subclass I Date I Examiner 
I I I 

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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OK TO ENTER: /AC/ (03/01/2012) 
"' • tt 

ITED STATES PATENT AND TRADEMARK OFFICE 

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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R~ceipt date: 12/29/2011 
DEC 2. 

12923643 - GAU: 2892 

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

Substitute for Form 1449/PTO A lication # 
Confirmation # 

INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 

Filin Date 
First Inventor 

Art Unit 
Examiner 

Sheet 1._of 1 Docket# 

U.S. PATENT DOCUMENTS 
Exam. Document No. Publ. Date Name 
Initial* Number - Kind Code MM-DD-YYYY Patentee or Applicant 

FOREIGN PATENT DOCUMENTS 
Exam. 

Country-Number- Publ. Date Name 
Initial* Kind.Code If known MM-DD- Patentee or Applicant 

yyyy 

----~-

---..... i--.... ----.. "---- ----------
NON PA TENT L/TERA TURE DOCUMENTS 

Exam. Include NAME of the author (in CAPS), Title of Article/Item, Date, Page(s), 
Initial* Volume-Issue No., Publisher, Citv and/or Country where published 

12/923,643 
8219 

Se tember 30, 2010 
YUASA 

2892 
Chambliss, Alonzo 

NAGl-0003 

Relevance 
Passages/Figs .. 

Relevance Trans-
Passages/Figs. lation 

-----------
Translation 

"Giant tunnel magnetoresistance in magnetic tunnel junctions with a crystalline 
M9O(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 I /Alonzo Chambliss/ 103/01/2012\ I Date Considered I 
* Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP §609. Draw line through 
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /AC/ 
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Issue Classification 

ORIGINAL 

CLASS 

257 295 

Application/Control No. 

12923643 

Examiner 

ALONZO CHAMBLISS 

SUBCLASS 

H 

G 
CROSS REFERENCE($) 

CLASS SUBCLASS {ONE SUBCLASS PER BLOCK) 

257 427 E29.323 E27.104 E29.164 E21.208 

365 171 

□ Claims renumbered in the same order as presented by applicant 

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 

(Assistant Examiner) 

/ALONZO CHAMBLISS/ 
Primary Examiner.Art Unit 2892 

(Primary Examiner) 

U.S. Patent and Trademark Office 

0 1 L 

1 1 C 

□ 

Final 

Applicant(s)/Patent Under Reexamination 

YUASA, SHINJI 

Art Unit 

2892 

INTERNATIONAL CLASSIFICATION 

CLAIMED NON-CLAIMED 

27 I 108 (2006.0) 

11 / 14 (2006.0) 

CPA IZI T.D. □ R.1.47 

Original Final Original Final Original Final Original 

Total Claims Allowed: 

2 
(Date) 

3/1 /12 O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 1B 

Part of Paper No. 20120301 
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UNITED ST ATES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

12/923,643 09/30/2010 

7590 04/19/2012 
Juan Carlos A. Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

FIRST NAMED INVENTOR 

Shinji Yuasa 

UNITED STATES DEPARntENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PA TENTS 

P.O. Box 1450 
Alexandria, ViJginia 22313-1450 
www.usplo.gov 

TTORNEY DOCKET NO. CONFIRMATION NO. 

NAGl-0003 8219 

EXAMINER 

CHAMBLISS, ALONZO 

ART UNIT PAPER NUMBER 

2897 

DATE MAILED: 04/19/2012 

PRIORITY ACKNOWLEDGMENT 

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

0 2. Applicant's claim for pri9rity, based on papers filed _in parent Application Number 
_______ submitted under 35 U.S.C. 119, 1s acknowleaged. • 

0 3. The priority papers, submitted _______ _., after payment of the issue fee are 
□ 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 l.55(a)(2). 

□ not acknowledged since the processing fee in 37 CFR l.17(i) has not been received. 

0 4. For utility and plant applications filed on or after November 29, 2000, the priority claim is not 
entered because the claim was not presented within the time limit reci.uired by 37 CFR l.55(a)(l). 
A petition to accept a delayed claim for priority under 35 U.S.C. 119(a) - (d) or (t), or 365(a) may be 
filed. See 37 CFR l.55(c) and MPEP 201.14(a). 

I }/rl' 
1-272-4200 or 1-888-786-0/~1 u • 

1>.pplication Assistance Unit 
Office of Data Management 
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~~~ \\ 1 ·' 
REQUEST FOR Aoolication # 12/923,643 

J Filing Date September 30, 2010 ,.,GONTINUED EXAMINATION 
J~-- First Inventor YUASA '•t 

(RCE) Transmittal Art Unit 2892 
Examiner Alonzo Chambliss 

Mail Stop RCE Docket# NAGl-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. 

Submission required 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 

under37CFR§ 1.114 otherwise (with a separate request for non-entry). 

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

~ Enclosed 
~ Preliminary Amendment 0 Information Disclosure Citation 
0 Affidavit( s )/Declaration 0 Other: 

Miscellaneous I 
□ 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 I calculated below (after reduction for an amendment if noted above). 

NOW Basic/Previous Number Present Extra Rate .l 
0 TOTAL CLAIMS 4 2 0 X $60 = 0 
0 INDEPENDENT CLAIMS 1 1 0 X $ 250 = 
~ RCE fee required under 37 CFR 1.17(e) $ 930 = 930 

TOTAL OF ABOVE CALCULATIONS = 930 
0 Reduction by ½ for small entity status of applicant -

SUBTOTAL= 
0 Extension of time fee for -month = 
0 Other fee for - = 

TOTAL OF ALL FEES = I 930 
~ Payment of $930 is made by: ~ CREDIT CARD (Form PTO-2038 is enclosed). 

□ ELECTRONIC FUNDS TRANSFER submitted herewith. 
~ The Director is authorized to charge any fee, additional fee or extension fee due in connection 

herewith to Deposit Account No. 12-0555: 
(1) if no payment or an insufficient payment is enclosed and a fee is due in connection herewith; or 
(2) if no petition for extension of time ,s 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 
reauired to render this submission timelv. 

A 

Date: June 7, 2012 
Js~ F 1'-~ u. 

(f l==~'Jl, f't Jj> 
~~ 

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 No. 38327 

I 

249940: 1 :ALEXANDRIA 00089820 12923643 
06/06/2012 AWOKDAF1 930.08 OP 
01 FC:1601 
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~&7RAO HE 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 TUNNEL JUNCTION DEVICE 
(AS AMENDED) 

Attorney Docket No. NAGI-0003 

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

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

PRELIMINARY AMENDMENT 
Sir: 

Art Unit 2892 

Examiner 
Alonzo Cham bliss 

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. (Currently Amended) A magnetoresistive device having a tunnel barrier junction 

structure, the magnetoresistive device comprising: 

a .first ferromagnetic material layer haYiAg aof BCC structure; 

a second ferromagnetic material layer haviAg aof a BCC structure; and 

a magAesium oxidetunnel barrier layer located between the first and second 

ferromagnetic material layers, and 

wherein the magResium mddetunnel barrier layer [[is]]comprises: 

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 magResium mddetunnel barrier layer has a tunnel barrier heightJQ 

in a range of 0.2 to 0.5 eV. 

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

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

22. (Canceled). 

23. (New) The magnetoresistive device according to claim 20, wherein said tunnel barrier 

height <p is obtained by fitting J-V characteristics of the tunnel barrier junction 

structure to an equation (1) 

J= [(2mcp)112

/ 6s] (e/h) 2 x exp [-{41t6s/h) x (2mcp) 112

] 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 m V or smaller, m is a mass of the free electron, e 

is the elementary electric charge, h is the Planck's constant, 6s is an effective 

thickness of the tunnel barrier layer that is approximately equivalent to (T Mgo - 0.5 

nm), and tMgO is an actual thickness of the tunnel barrier layer determined using a 

cross-sectional transmission electron microscope image. 

-2-
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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. 

-3-
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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 apd 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 correctio~s 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. 

-4-
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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 

p~osecution 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. 

STITES & HARBISON, PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-143 7 
(703) 739-4900 Voice 
(703) 739-9577 Fax 
Customer No. 38327 
June 7, 2012 

249897: I :ALEXANDRIA 

-5-

Respectfully submitted, 

Nicholas B. Trenkle 
Registration Number 54,500 

/)~ £ ~ /"ol( 

Juan Carlos A. Marquez 
Registration Number 34,072 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

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 

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 ruNCTION DEVICE 

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 Sa on Part B - Fee(s) 
Transmittal and pay the PUBLICATION FEE (if required) and 1/2 
the ISSUE FEE shown above. 

IL 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 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I 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 I, 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 I 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 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

38327 7590 06/29/2012 

Juan Carlos A. Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

APPLICATION NO. FILING DATE 

12/923,643 09/30/2010 

TITLE OF INVENTION: MAGNETIC TUNNEL ruNCTION DEVICE 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1740 

EXAMINER ART UNIT 

CHAMBLISS, ALONZO 2897 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. 

Shinji Yuasa NAGI-0003 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE 

$300 $0 

CLASS-SUBCLASS 

257-295000 

2. For printing on the patent front page, list 

(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

$2040 

(Depositor's name) 

(Signature) 

(Date) 

CONFIRMATION NO. 

8219 

DATE DUE 

10/01/2012 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

2 ______________ _ 

3 ______________ _ 

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) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 

0 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). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.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 Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. 0MB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

12/923,643 09/30/2010 Shinji Yuasa 

38327 7590 06/29/2012 

Juan Carlos A Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

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

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

NAGI-0003 8219 

EXAMINER 

CHAMBLISS, ALONZO 

ART UNIT PAPER NUMBER 

2897 

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 O 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 O 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 (5 U.S.C. 552) and the Privacy Act (5 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. 

2. 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. 

3. 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. 

4. 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). 

5. 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. 

6. 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)). 

7. 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. 

8. 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 CPR 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. 

9. 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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Notice of Allowability 

Application No. 

12/923,643 
Examiner 

ALONZO CHAMBLISS 

Applicant(s) 

YUASA, SHINJI 
Art Unit 

2897 

-- The MAILING DA TE 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. [8J This communication is responsive to the RCE filed on 6/7/12. 

2. D 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. [8J The allowed claim(s) is/are 20,21,23 and 24. 

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

a) D All b) D Some* c) D None of the: 

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

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D 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. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D 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. D Notice of References Cited (PTO-892) 

2. D Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. D Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

4. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

U.S. Patent and Trademark Office 

5. D Notice of Informal Patent Application 

6. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

7. D Examiner's Amendment/Comment 

8. D Examiner's Statement of Reasons for Allowance 
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Application/Control Number: 12/923,643 

Art Unit: 2897 

DETAILED ACTION 

Continued Examination Under 37 CFR 1.114 

Page 2 

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 
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Application/Control Number: 12/923,643 

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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Customized PTO/SB/30 04-09 

REQUEST FOR 

CONTINUED EXAMINATION 

(RCE) Transmittal 
Mail Stop RCE 

A lication # 12/923,643 

Filin Date Se tember 30, 2010 
First Inventor YUASA 

Art Unit 2892 
Examiner Alonzo Chambliss 
Docket # NAGl-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. 

Submission required Note: If the RCE is proper, any previously filed unentered amendments and amendments enclose~ 

under 37 CFR § 1.114 
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). 

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

12] Enclosed 
D Preliminary Amendment 12] Information Disclosure Citation 
D Affidavit(s)/Declaration D Other: 

Miscellaneous I 
□ 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 I calculated below (after reduction for an amendment if noted above). 

NOW Basic/Previous Number Present Extra Rate _i 
0 TOTAL CLAIMS 4 2 0 X $60 = 
0 INDEPENDENT CLAIMS 1 1 0 X $ 250 = 
12] RCE fee required under 37 CFR 1.17(e) $ 930 = 930 

TOTAL OF ABOVE CALCULATIONS = 930 
D Reduction by ½ for small entity status of applicant -

SUBTOTAL= 
D Extension of time fee for -month = 
D Other fee for - = 

TOTAL OF ALL FEES= : 930 
r 

12] Payment of $930 is made by: 12] CREDIT CARD (Form PTO-2038 is enclosed). 
□ ELECTRONIC FUNDS TRANSFER submitted herewith. 

12] 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 timelv. , 

Date: July 16, 2012 l>- ~-
- ,I 

P,. A..,_ - 9 jb'R 
V #2.lfi8 • 

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 No. 38327 

07/17/2012 LNGUYEH18888934112923643 
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IN THE UNITED ST ATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of ) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Confirmation No. 8219 

YUASA 
Group Art Unit 2897 

Application Number: 12/923,643 

Filed: September 30, 2010 
Examiner: 
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 

herein below, 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 l(c) or l(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; OR 

~ [ ] No item of information contained in this Information Disclosure Statement was cited in a 

communication from a foreign patent office in a counterpart foreig~ 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. 

STITES & HARBISON PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-143 7 
(703) 739-4900 Voice 
(703) 739-9577 Fax 
Customer No. 38327 

July 16, 2012 

C:\DM\Temp\ALEXANDRIA-#254163-v l-NAGI-3 _IDS_ with_RCE_.doc 

-2-

Respectfully submitted, 

//~_, ~Jn~ i j_ _ \) · /9/J.. 
✓V'--77- r-;;;:;:r 

Juan Carlos A. Marquez 
Registration Number 34,072 
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- tu Customized PTO/SB/08a+b (07-09) 

Substitute for Form 1449/PTO~ cf) Aoolication # 12/923,643 

<f~o~"'~~ Confirmation # 8219 

INFORMATION Dl~,:;t_OSURE Filing Date June 29, 2012 

STATEMENT BY APPLICANT First Inventor YUASA 
Art Unit 2897 

Examiner Alonzo Chambliss 
Sheet 1 of 5 Docket# NAGl-0003 

U.S. PA TENT DOCUMENTS 
Exam. Document No. Publ. Date Name Relevance 
Initial* Number - Kind Code MM-OD-YYYY Patentee or Applicant Passages/Figs. 

2008/0055793 8 03-06-2008 Djayaprawira et al. 
2006/0056115 lO 03-16-2006 Diavaorawira et al. 
2002/0080641 A 1 i:, 06-27-2002 Asao et al. 
2002/0064595 A 1 ° 05-30-2002 Nomura et al. 
2003/0128483 A 1 07-10-2003 Kamijo 
2004/0082201 A 1 5 04-29-2004 Sharma et al. 
2004/0136232 A 1 4 07-15-2004 Hosomi et al. 
2004/0139914 A1 07-22-2004 Yamazaki et al. 
2004/0144995 A1 3 07-29-2004 Naaahama et al. 
2004/0234818 A 1 11-25-2004 Tanahashi et al. 
2004/0257719 A 1 12-23-2004 Ohba et al. 
2005/011 0004 A 1 05-26-2005 Parkin et al. 
2006/0012926 A 1 01-19-2006 Parkin 
2006/0125034 A 1 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 A 1 05-29-2008 Djayaprawira et al. 
2008/0180862 A 1 07-31-2008 Djayaprawira et al. 
2008/0182342 A 1 07-31-2008 Parkin 
2008/0212243 A1 09-04-2008 Zhao et al. 
2008/0253039 A 1 10-16-2008 Nagamine et al. 
2009/0128167 A 1 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 81 03-13-2001 Pinarbasi 
6,252,750 81 06-26-2001 Gill 
6,275,362 81 08-14-2001 Pinarbasi 
6,828,260 82 12-07-2004 Sharma et al. 
6,831,312 82 12-14-2004 Slaughter et al. 
6,839,206 82 01-04-2005 Saito et al. 
6,927,952 82 08-09-2005 Shimizu et al. 
6,999,287 82 02-14-2006 Hayashi et al. 
7,149,105 82 12-12-2006 Brown 
7,220,498 82 05-22-2007 Nagahama et al. 

WD EX1004 
Western Digital v IP Bridge 

Page 291



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

Sheet 2 of 5 US Patent A lication No. 12/293,643 Docket No.: NAGl-0003 

U.S. PATENT DOCUMENTS 
Exam. Document No. Publ. Date Name Relevance 
Initial* Number - Kind Code MM-DD-YYYY Patentee or Aoolicant Passacies/Figs. 

7,252,852 81 08-07-2007 Parkin 
7,262,064 82 08-28-2007 Ohba et al. 
7,270,896 82 ' 09-18-2007 Parkin 
2006-0003185 01.-05-2006 Parkin 
7,357,995 11 04-15-2008 Parkin 
2008-0062581 03-13-2008 Parkin 
7,408,749 82 08-05-2008 Gill 
7,443,639 82 10-28-2008 Parkin 
7,453,672 82 11-18-2008 Dienv et al. 
7,570,463 82 08-04-2009 Parkin 
7,598,555 81 10-06-2009 Papworth Parkin 

FOREIGN PATENT DOCUMENTS 
Exam. Country-Number- Publ. Date Name Relevance Trans-
Initial* Kind Code if known MM-DD-YYYY Patentee or Applicant Passages/ lation 

Figs. 

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 

JP 2003-304012 10-24-2003 
Matsushita Electric 

Partial 
Ind Co. Ltd. 

JP H05-144729 06-11-1993 Hitachi Ltd. Partial 

EP 1793434 A1 06-06-2007 
Japan Science and 

Yes 
Technoloav Aoencv 

EP 1 633 007 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 
Hewlett Packard 

Abstract 
Development Co. 

KR 2002-0042448A 06-05-2002 Anelva Corp. Abstract 
KR 2003-0097904 12-31-2003 Nagahama et al. Partial 
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Sheet 3 of 5 I US Patent Aoolication No. 12/293,643 I Docket No. NAGl-0003 

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 

Office Action issued from Japanese Patent Office, in corresponding 
Japanese Patent Application No. 2011-226907, dated January 31, 2012, pp. Yes 
1-3. 
ARAKI et al., "Fabrication and Electric Properties of Lapped Type of TMR 
Heads for -so Gb/ln 2 and Beyond," IEEE Transactions on Magnetics, Vol. Yes 
38, No. 1, PD. 72-77, January 2002 
David D. DJAYAPRAWIRA et al., "230% Room-Temperature 
Magnetoresistance in CoFeB/MgO/CoFeB Magnetic Tunnel Junctions," Yes 
Applied Physics Letters, Vol. 86, 092501-092502-3, February 23, 2005. 
David D. DJAYAPRAWIRA et al., "230% Room-Temperature 
Magnetoresistance in CoFeB/MgO/CoFeB, Magnetic Tunnel Junctions," Yes 
IEICE Technical ReDort, Vol. 104, No. 713, March 4, 2005 
David D. DJAYAPRAWIRA et al., "Novel Sputtering Technology of Magnetic 
Tunnel Junctions for MRAM Application," Papers 01 the 66th Symposium on 

Yes 
Semiconductors and Integrated Circuits Technology, Vol. 66, pp. 58-61, 
2004 
H. DOMON et al., "Effect of Ge Addition on Postannealed CoCrGePt Thin 
Film Media," Journal of Applied Physics, Vol. 91, No. 10, pp, 8632-8634, Yes 
May 15, 2002. 
H. DOMON et al. "Reduction of Magnetic Interaction in CoB/Pd Multilayer 
Perpendicular Media Using a Phase-Separated Pd-SiO Underlayer," Journal Yes 
of Aoolied Physics, Vol. 93, No. 10, oo. 8164-8166, May 15, 2003. 
Extended European Search Report, issued from European Patent Office, of 

Yes European ADDlication No. 08159511.8, dated June 5, 2009. 
T. KAKUTA et al.," Novel PVD Tool for Magnetoresistive Random Access 
Memory (MRAM) Mass Production," Anelva Technical Report, Vol. 10, pp, Abstract 
27-33, January 25, 2004. 
A. KOBAYASHI et al., "TMR Devices Fabricated with RIE Etching Using Co+ 
NH3_" Journal of the Magnetics Society of Japan, Vol. 28, No. 2, February 1, Abstract 
2004. 
J.S. MOODERA et al., "Large Magnetoresistance at Room Temperature in 
Ferromagnetic Thin Film Tunnel Junctions," Physical Review Letters, Vol. Yes 
74, No. 16, DO. 3273-3276, April 17, 1995. 
J.S. MOODERA, "Interface Magnetism and Spin Wave Scattering in 
• Ferromagnet-Insulator-Ferromagnet Tunnel Junctions," Physical Review Yes 
Letters, Vol. 80, No. 13, DD. 2941-2944, March 30, 1998. 
J. MURAI et al., "Direct Observation of Magnan Excitation in a 
Ferromagnetic Tunnel Junction Using Inelastic-Electron-Tunneling 

Yes Spectroscopy," Japanese Journal of Applied Physics, Vol. 38, pp. L 1106-
L 1108, October 1, 1999. 
K. NAGASAKA et al., "CPP Operational Mode of GMR Head," Fujitsu Sci. 

Yes Tech. J., Vol. 37, No. 2, oo. 192-200, December 2001. 
T. OSADA et al., "Dry Etching of Magnetic Thin Film Stacks Using CO/NH 3 
and CH3OH Gases for Tunneling Magneto-Resistance Devices," 2004 Dry Yes 
Process International Symposium, Vol. 4, DD. 127-131, 2004. 
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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 

Stuart S.P. PARKIN et al." Giant Tunnelling Magnetoresistance At Room 
Temperature with MgO (100) Tunnel Barriers," Nature Materials, Vol, 3, pp. Yes 
862-867, December 2004. 
M. TAKAGISHI et al., "The Applicability of CPP-GMR Heads for Magnetic 
Recording." IEEE Transactions on Magnetics, Vol. 38, No. 5, pp. 2277-2282, Yes 
September 2002. 
A. TANAKA et al., "Spin-Valve Heads in the Current-Perpendicular-to-Plane 
Mode for Ultrahigh-Density Recording," IEEE Transactions on Magnetics, Yes 
Vol. 38, No. 1, January 2002. 
K. TSUNEKAWA et al., "Surface Treatment Techniques in Fabrication of 
GMR and TMR Films, "Journal of the Magnetics Society of Japan, Vol. 28, Yes 
No. 11, OD. 107 4-1080, November 1, 2004. 
D. WANG et al., "70% TMR at Room Temperature for SOT Sandwich 
Junctions With CoFeB as Free and Reference Layers," IEEE Transactions Yes 
on Magnetics, Vol. 40, No. 4, DO. 2270-2271, July 2004. 
S. YOSHIMURA et al.," Magnetic Grain Size Reduction by Using Oxygen 
Exposure Process, Onto Very Thin lslandlike WCr Seedlayer in Longitudinal 

Yes~ Recording Media," Journal of Applied Physics, Vol. 91, No. 10, pp. 8629-
8631, May 15, 2002. 
S. YOSHIMURA et al. "Grain Size Reduction by Utilizing A Very Thin, High-
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7. □ DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
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1. D Notice of References Cited (PTO-892) 

2. D Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. 1:8] Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 7 /16/12 

4. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

U.S. Patent and Trademark Office 

5. D Notice of Informal Patent Application 

6. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

7. D Examiner's Amendment/Comment 
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Application/Control Number: 12/923,643 

Art Unit: 2897 

DETAILED ACTION 

Continued Examination Under 37 CFR 1. 114 

Page 2 

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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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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Substitute for Form PTO-875 12/923,643 09/30/2010 □ To be Mailed 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY 0 OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

0 BASIC FEE N/A N/A N/A N/A 
(37 CFR 1.16(a), (b), or (cl) 

□ SEARCH FEE N/A N/A N/A N/A 
(37 CFR 1.16(k), (i), or (ml) 

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A N/A 

TOTAL CLAIMS 
minus 20 = * X $ OR X $ (37 CFR 1.16(i)) = = 

INDEPENDENT CLAIMS * X $ X $ (37 CFR 1.16(h)) minus 3 = = = 

If the specification and drawings exceed 100 

□APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(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 "O" in column 2. TOTAL TOTAL 

APPLICATION AS AMENDED - PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 

08/21/2012 REMAINING NUMBER PRESENT 
RATE($) 

ADDITIONAL 
RATE($) 

ADDITIONAL 
f-- AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
z AMENDMENT PAID FOR 
w 

Total (37 CFR 
~ 1.16(i)) • 20 Minus ** 20 = 0 X $ = OR X $60= 0 
0 Independent z * 3 Minus ***3 = 0 X $ = OR X $250= 0 w (37 CFR 1 .16(h)) 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL TOTAL 
ADD'L OR ADD'L 0 
FEE FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 

f--
AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = X $ = OR X $ = w 1.16(i)) 

~ Independent * Minus *** = X $ = OR X $ = 
0 (37 CFR 1 .16(h)) 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. 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 1nformat1on 1s required by 37 CFR 1.16. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s to file (and by the US PTO 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 US PTO. 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, ca/11-800-PTO-9199 and select option 2. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

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 

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 ruNCTION DEVICE 

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. 

IL 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 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I 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 I, 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 I 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 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

38327 7590 09/10/2012 

Juan Carlos A. Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

APPLICATION NO. FILING DATE 

12/923,643 09/30/2010 

TITLE OF INVENTION: MAGNETIC TUNNEL ruNCTION DEVICE 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1740 

EXAMINER ART UNIT 

CHAMBLISS, ALONZO 2897 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. 

Shinji Yuasa NAGI-0003 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE 

$300 $0 

CLASS-SUBCLASS 

257-295000 

2. For printing on the patent front page, list 

(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

$2040 

(Depositor's name) 

(Signature) 

(Date) 

CONFIRMATION NO. 

8219 

DATE DUE 

12/10/2012 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

2 ______________ _ 

3 ______________ _ 

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) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 

0 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). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.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 Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

12/923,643 09/30/2010 Shinji Yuasa 

38327 7590 09/10/2012 

Juan Carlos A Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

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

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

NAGI-0003 8219 

EXAMINER 

CHAMBLISS, ALONZO 

ART UNIT PAPER NUMBER 

2897 

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 O 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 O 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 (5 U.S.C. 552) and the Privacy Act (5 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. 

2. 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. 

3. 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. 

4. 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). 

5. 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. 

6. 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)). 

7. 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. 

8. 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 CPR 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. 

9. 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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Notice of Allowability 

Application No. 

12/923,643 
Examiner 

ALONZO CHAMBLISS 

Applicant(s) 

YUASA, SHINJI 
Art Unit 

2897 

-- The MAILING DA TE 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. [8J This communication is responsive to the RCE filed on 8/21/12. 

2. D 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. [8J The allowed claim(s) is/are 20,21,23 and 24. 

4. [8J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a) [8J All b) D Some* c) D None of the: 

1. [8J Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D 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. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D 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. D Notice of References Cited (PTO-892) 

2. D Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. [8J Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 8/21/12 

4. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

U.S. Patent and Trademark Office 

5. D Notice of Informal Patent Application 

6. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

7. D Examiner's Amendment/Comment 

8. D Examiner's Statement of Reasons for Allowance 

9. [8J Other See Detailed Action. 

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 

Art Unit: 2897 

Continued Examination Under 37 CFR 1.114 

Page 2 

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 (I OS) 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 

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. 

Page 3 

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 

Art Unit: 2897 

AC/September 5, 2012 /Alonzo Chambliss/ 

Primary Examiner, Art Unit 2897 

Page 4 
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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 I Subclass I Date I Examiner 
I I I 

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 7/27/12 AC 
365 171 7/27/12 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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Receipt date: 08/21/2012 
of'AP 

% 12923643 - GAU: 2897 

-
.. , 

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

AUG 211011 ~ 

Substitute for Form 1449/PTO ~
, 

Application # 12/923,643 
~7'RAO~ Confirmation # 8219 

INFORMATION DISCLOSURE Filing Date September 30, 2010 

STATEMENT BY APPLICANT First Inventor YUASA 
Art Unit 2897 

Examiner Alonzo Chambliss 
Sheet 1 of 1 Docket# NAGl-0003 
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Commissioner of Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 
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) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
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REQUEST FOR CERTIFICATE OF CORRECTION 
<" 

Sir: 

Certificate 

FEB 2.s~? 2013 

of Correction 

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 wi~h 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. 

WD EX1004 
Western Digital v IP Bridge 

Page 333



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 
February 14, 2013 

Respectfully submitted, 

,072 

WD EX1004 
Western Digital v IP Bridge 

Page 334



. ,,,,,. 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 

YUASA 

Application Number: 12/923,643 
Patent No. 8,319,263 

Filed: September 30, 2010 
Issued: November 27, 2012 

For: MAGNETIC TUNNEL JUNCTION DEVICE 

Attorney Docket No. NAGI-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) Request for Certificate of Correction 
(x) Certificate of Correction (Form PTO-I 050) 
(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 3 7 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 
February 14, 2013 

Respectfully submitted, 

WD EX1004 
Western Digital v IP Bridge 

Page 335



PTO/SB/44 (04-04) 
Approved for use through 04/30/2007. 0MB 0651-0033 

U.S. Patent and Trademar11 Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwor11 Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 

0MB control number. 
{Also Form PTO-1050) 

PATENT NO. 

DATED 

INVENTOR(S) 

UNITED STATES PATENT AND TRADEMARK OFFICE 
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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 layer has a tunnel barrier height ro in a range 
of 0.2 to 0.5 eV.-

and please add "wherein the tunnel barrier layer has a tunnel barrier height <I> in a range 
of 0.2 to 0.5 eV." 

Claim 3 column 10, line 20, 

please delete 

--J= [(2m'1')112
/ 6s1 (eth? x exp [-(4rr6s/h) x (2m'I') 1121 x V 

and please add 

"J= [(2m<I>}112
/ 6s] (e/h)2 x exp [-(4rr6s/h) x (2m<l>) 1121 x V 

(1 )--

(1 )" 

MAILING ADDRESS OF SENDER: PATENT NO. 8,319,263 82 
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 i~ 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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PATENT NO. 
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INVENTOR(S) 

UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

: 8,319,263 B2 
: 12/923643 
: November 27, 2012 
: Yuasa 

Page 1 of 1 

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 m in a range 

of 0.2 to 0.5 eV." 

and please add "wherein the tunnel barrier layer has a tunnel barrier height <I> in a range 

of 0.2 to 0.5 eV." 

Claim 3, column I 0, line 20, 

please delete 

"J= [(2m'P) 112
/ As] (e/h)2 x exp [-(4TTb.s/h) x (2m'P) 112

] x V (I)" 

and please add 

"J= [(2m<l>)112
/ As] (e/h)2 x exp [-(4TTb.s/h) x (2m<l>) 112

] x V (I)" 

Signed and Sealed this 
Second Day of April, 2013 
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Acting Director of the United States Patent and Trademark Office 
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