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MAGNETIC TUNNEL JUNCTION DEV_ICE AND METHOD OF 

MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a magnetic tunnel junction device and a 

method of manufacturing the same, particularly to a magnetic tunnel junction device 

with a high magnetoresistance and a method of manufacturing the same. 

Description of Related Art 

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

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

memories. Research and development of MRAM devices, which are fast and 

non-volatile memory devices, are being extensively carried out, and sample products 

of a 4Mbit MRAM have actually been delivered. 

Fig. 8 shows the structure and operation principle of a magnetic tunnel 

junction device (to be hereafter referred to as a "MTJ device"), which is the most 

important part of the MRAM. As shown in Fig. 8(A), 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 device with respect to the direction normal to the interfaces of the tunneling 

junction structure decreases. On the other hand, in the case of antiparallel 
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magnetization alignment where the directions of magnetizations of the first and 

second ferromagnetic electrodes are aligned antiparallel as shown in Fig. 8(8), the 

electric resistance with respect to the direction normal to the interfaces of the 

tunneling junction structure increases. The resistance value does not change in a 

general state, so that information "1" or "0" can be stored depending on whether the 

resistance value is high or not. Since the parallel and antiparallel magnetization 

alignments can be stored in a non-volatile fashion, the device can be used as a 

non-volatile memory device. 

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

shows a perspective view of the MRAM, and Fig. 9(8) 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 arid a bit line BL are 

disposed in an intersecting manner, with an MRAM cell disposed at each intersection. 

As shown in Fig. 9(8), 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 I 05 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 I 05 is grounded, and the drain is connected to a bit line BL via the 

MTJ device. A word line WL is connected to the gate electrode 111 in a region that 

is not shown. 
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Thus, a single non-volatile MRAM memory cell can be formed by a single 

MOSFET 100 and a single MTJ device 117. The MRAMs are therefore suitable 

where high levels of integration are required. 

Non-Patent Document I: D. Wang, et al.: Science 294 (2001) 1488. 

SUMMARY OF THE INVENTION 

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. IO illustrates how the magnetoresistance in a 

conventional MTJ device using an amorphous Al-O as the tunnel barrier changes as a 

function of the bias voltage (Ll). As shown, in the conventional MTJ device, the 

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

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

operation margins are taken into consideration is too small for the device to be 

employed for an actual memory device. Specifically, the magnetoresistance of the 

current MTJ device is small at approximately 70%, and the output voltage is also 

small at no more than 200 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. 

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

It is another object of the invention to provide a memory device with a high 

3 

WD EX1002 
Western Digital v IP Bridge 

Page 6



magnetoresistance for stable operation. 

In one aspect, the invention provides a magnetoresistive device comprising a 

magnetic tunnel junction structure comprising: a tunnel barrier layer; a first 

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

barrier layer; and a second ferromagnetic material layer of the BCC structure formed 

on a second side of the tunnel barrier layer, wherein the tunnel barrier layer is formed 

by a single-crystal MgOx (001) layer or a poly-crystalline MgOx (0 < x < 1) layer in 

which the (001) crystal plane is preferentially oriented. 

The invention further provides a magnetoresistive device comprising a 

magnetic tunnel junction structure comprising: a tunnel barrier layer comprising 

·MgO(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(00 1) 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. 

In another aspect, the invention provides a method of manufacturing a 

magnetoresistive device comprising: preparing a substrate; depositing a first Fe(00l) 

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

electron berun evaporation under high vacuum, the tunnel barrier layer comprising a 
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single-crystalline MgOx (00 I) or a poly-crystalline MgOx (0 < x < I) in which the 

(001) crystal plane is preferentially oriented; and forming a second Fe(00I) layer on 

the tunnel barrier layer. 

The invention furthermore provides a method of manufacturing a MTJ device 

comprising a first step of preparing a substrate comprising a single-crystalline 

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(00I) layer on the 

substrate and performing an annealing process to make the surface flat, a third step of 

depositing a tunnel barrier layer on the first Fe(00I) layer by electron beam 

evaporation, the tunnel barrier layer comprising a single-crystalline MgOx(00 1) or a 

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

In yet another aspect, the invention provides a magnetoresistive device 

comprising a magnetic tunnel junction structure comprising a tunnel barrier layer 

comprising MgO(00 I), a first ferromagnetic material layer comprising an amorphous 

magnetic alloy formed on a first sideof the tunnel barrier layer, and a second 

ferromagnetic material layer comprising an amorphous 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 
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and the Fermi energy of the first or the second ferromagnetic material layer 

comprising the amorphous magnetic alloy is lower than an ideal value of a perfect 

single-crystal with no defect. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 (B) shows the structure of a MTJ device according to a first 

embodiment of the invention, and Fig. 1 (A) shows the energy band structure of a 

ferromagnetic metal Fe(00l), illustrating the E-EF relationship with respect to the 

[001] direction of the momentum space. 

Fig. 2(A) to Fig. 2(D) schematically show the process of manufacturing a 

MTJ device with a Fe(00l)/MgO(00l)/Fe(00l) structure (to be hereafter referred to as 

a "Fe(00l)/MgO(00l)/Fe(00l) MTJ device") according to an embodiment of the 

invention. 

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. 

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

deposition chamber during the MgO evaporation. 

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

pressure during the MgO evaporation. 

Fig. 6 shows typical magneto resistance curves of the 

Fe(00l)/MgO(00l)/Fe(00l) MTJ device. 

Fig. 7(A) shows the bias voltage dependency of the MR ratio at room 

temperature, and Fig. 7(B) shows the output voltage Vout of the MTJ device (=bias 

voltage x (Rap-Rp)/Rap). 

Fig. 8 shows the structure of the MTJ device and its operating principle. 
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Fig. 9 shows an example of the basic structure of an MRAM, Fig. 9{A) 

showing a perspective view of the MRAM, Fig. 9(B) showing a schematic circuit 

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

Fig. 10 shows how the magnetoresistance of a conventional MTJ device using 

an amorphous Al-O as the tunnel barrier changes depending on the bias voltage. 

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

invention, corresponding to Fig. 1 (B). 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the context of the present specification, because MgO has a cubic crystal 

structure (Na Cl structure), the (001) plane, the ( 100) plane, and the (010) plane are all 

equivalent. The direction perpendicular to the film surface is herein considered to be 

the z-axis so that the film plane can be uniformly ·described as (001). Also in the 

context of the present specification, BCC structure, which the crystalline structure of 

ferromagnetic electrode layer, means body-centered cubic lattice structure. More 

specifically, BCC structure includes the BCC structure with no chemical ordering 

so-called A2-type structure, the BCC structure with chemical ordering such as B2-type 

structre and L2 1-type structure, and also the aforementioned structures with slight 

lattice distortion. 

The term "ideal value" with regard to a perfect single-crystal without defect 

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

spectroscopy experiments (see W. Wultbekel, et al.: Appl. Phys. Lett. 78 (2001) 509.). 

The term "ideal value" is used herein because the aforementioned state can be 

considered to be an upper limit value of the potential barrier height of the tunnel 

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

Before describing the preferred embodiments of the invention, an analysis 

conducted by the inventors is discussed. The magnetoresistance (MR) ratio of a MTJ 

device can be expressed by the following equation: 

~R/Rp = (Rap - Rp )/Rp 

where Rp and Rap indicate the tunnel junction resistance in the cases of parallel and 

anti parallel magnetization alignments, respectively, of two electrodes. According to 

the)ullire's formula, the MR ratio at low bias voltage can be expressed by: 

MR ratio= (Rap - Rp)/Rp = 2P1P2/(1-P1P2), and 

Pa= (Da t (EF) - Da .J.. (EF))/(Da t (EF) + Da .J.. (EF), 

where a= 1, 2 (1) 

In the above equations, Pa is the spin polarization of an electrode, and Da t 

(EF) and Da .J.. (EF) are the density of state (DOS) at the Fermi energy (EF) of the 

majority-spin band and the minority-spin band, respectively.. Since the spin 

polarization of ferromagnetic transition metals and alloys is approximately 0.5 or 

smaller, the Jullire's formula predicts a highest estimated MR ratio of about 70%. 

Although the MR ratio of approximately 70% has been obtained at room 

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

and polycrystalline electrodes, it has been difficult to obtain the output voltage of 200 

mV, which is comparable to the output voltages of DRAMs, thereby preventing the 

realization of MRAM as mentioned above. 

The inventors tried an approach to deposit a MTJ device in which the tunnel 

barrier comprises a single-crystal (001) of magnesium • oxide (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 crystal (where the atoms are 
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arranged in an orderly fashion), as opposed to the conventional amorphous Al-O 

barrier, the electrons are not scattered and the coherent states of electrons are 

concerved during the tunneling process. Fig. I (B) shows the MTJ device structure 

according to an embodiment of the invention. Fig. I (A) shows the energy band 

structure of the ferromagnetic Fe(00I), 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 k2 in the direction perpendicular to the 

tunnel barrier (normal to 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 

the Fermi energy Ef. 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 and come to have a finite tunneling probability. 

The Al band in the Fe(00I) electrode has such totally symmetric wave functions. As 

shown in Fig. 1 (A), the majority spin Al band (solid line) has states at the Fermi 

energy EF, whereas the minority spin Al band (broken line) does not have state at the 

Fermi energy Ef. Because of such half-metallic characteristics of the Fe A1 band, 
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there is the possibility that a very high MR ratio can be obtained in a coherent spin 

polarized tunneling. Since in an epitaxial (single-crystal, or (001) oriented 

poly-crystal) MTJ device the scattering of electrons is suppressed during the tunneling 

process, an epitaxial MT J device is thought to be ideal for realizing the 

aforementioned coherent tunneling. 

In the following, a MTJ device according to a first embodiment of the 

invention and a method of manufacturing the same will be described with reference to 

the drawings. Figs. 2(A) to 2(D) schematically show the method of manufacturing 

the MTJ device having the Fe (001)/MgO(00l)/Fe(00I) structure according to the 

embodiment (to be hereafter referred to as a "Fe(00l)/MgO(00l)/Fe(00l) MTJ 

device"). Fe(00 I) 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(00 l) substrate 11, a MgO(00 l) 

• 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) I 7 with the thickness of 50 nm on the MgO(00 I) seed layer 15 at room 

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

ultrahigh vacuum (2 x 1 o·8 Pa). Electron-beam evaporation conditions included an 

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

of room temperature (about 293K). The source material of the electron-beam 

evaporation was MgO of the stoichiometric composition (the ratio of Mg to O being 

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

pressure was I x 1 o·8 Pa, and the 0 2 partial pressure was 1 x I 0-6 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 I: 1 ). 
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Fig. 3(A) shows a RHEED image of the Fe(00I) lower electrode (a first 

electrode). The image shows that the Fe(00I) lower electrode (first electrode) 17 

possesses a good crystallinity and flatness. Thereafter, a MgO(00 1) 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(8) shows a RHEED image of the MgO(00l) barrier layer 21. The 

image shows that the MgO(00 1) barrier layer 21 also possesses a good crystallinity 

and flatness. 

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(00 1) 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(00I) upper electrode (second electrode) 23. The Co 

layer 25 is provided to increase the coercive force of the upper electrode 23 so as to 

realize the antiparallel magnetization alignment. The thus prepared sample was then 

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

MTJ device. 

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 P 1 of O and the spectrum P2 of 0 2 are high. Fig. 5 shows the film 

deposition rate dependency of the oxygen partial pressure during MgO evaporation. 

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

1 ). When there are oxygen vacancy defects, the potential barrier height of the MgO 

tunnel barrier is thought to decrease (such as in the range of 0.10 to 0.85 eV; more 

specifically, 0.2 to 0.5 eV), which is thought to result in an increase in the tunneling 

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

have been obtained. Using the method according to the -present embodiment of the 

invention, a tunnel barrier height of approximately 0.3 eV is expected, indicating that 

the resistance of the tunnel barrier can be lowered. However, it should be noted that 

other factors, such as the influence of the aforementioned coherent tunneling, might 

also be involved. The value of x in 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. 

The aforementioned tunnel barrier height q> 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 
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m V) is applied until non-linearity appears in the J-V characteristics, the height cp of 

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

simultaneously determined by fitting the J-V characteristics using the Simmons' 

formula. 

The effective thickness Lis 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 MT J · device by 

approximately 0.5 nm. This is the result of the effective thickness Lis 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 interface between the MgO(00 1) layer and the 

alloy layer consisting mainly of Fe and Co. 

It is noted that, in the event that tMgO can be accurately determined using the 

cross-sectional transmission electron microscope (TEM) image, the height cj> 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. In such a low-bias voltage region, the 

Simmons' formula can be described as follows: 

J = [(2mcp)l/2/Lis](e/h)2 x exp[-(41tLis/h) x (2mcp)112
] x V (2) 

where m is the mass of the free electron (9 .11 x 10-31 kg), e is the elementary electric 

charge (1.60 x 10-19C), and his 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 cp of the tunnel barrier can be simply and yet accurately estimated. 

Fig. 6 shows a typical magneto resistance curve of the 
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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 ~emperature 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 F e(00 1) 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!he MTJ device was on the order of a few kQµm 2
, 

which is suitable for MRAM. 

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

temperature. It will be seen that the bias voltage dependency of the MR ratio is 

fairly small. Although the characteristics are asymmetric, the voltage 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 V half 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 mV) in the case of the Al-O barrier. These high values in terms of both MR 

ratio and output voltage suggest the effectiveness of the technique according to the 

present embodiment. 

Although in the above-described embodiment'Fe(00I) of BCC was employed, 

an Fe alloy of BCC, such as an Fe-Co alloy, Fe-Ni alloy, or Fe-Pt alloy, may be used 
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instead. Alternatively, a layer of Co or Ni with the thickness of one or several 

monoatomic layers may be inserted between the electrode layer and the MgO(00 1) 

layer. 

Hereafter, a MTJ device according to a second embodiment of the invention 

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

manufacturing a Fe(00l)/MgO(00l)/Fe(00l) MTJ device according to the present 

embodiment, MgO(00 1) 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 (00 I) crystal plane is preferentially oriented or a 

single-crystal is obtained. The sputtering conditions were such that, for example, the 

temperature was room temperature (293K), a 2-inch <I> MgO was used as a target, and 

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

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

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

the temperature to 300°C from room temperature and maintaining that temperature for 

a certain duration of time. 

Oxygen vacancy defects 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 c~rtain oxygen deficit level. 

As described above, in accordance with the MTJ device technology of the 

present embodiment, an annealing process is carried out for crystallization after an 

amorphous MgO has been deposited by sputtering, thereby eliminating the need for 

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

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

structure of the MTJ device according to the variation, which corresponds to Fig. 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(00 1) 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 501 and 505. The amorphous 

ferromagnetic alloy can be formed by evaporation or sputtering, for example. The 

resultant characteristics are substantially identical to those of the first embodiment. 

As the amorphous magnetic alloy, FeCoB, FeCoBSi, FeCoBP, FeZr, and CoZr 

may be used, for example. Although an anneal process after the preparation of the 

MTJ device might cause the amorphous magnetic alloy in the electrode layers to be 

partially or entirely crystallized, this would not lead to a significant deterioration of 

the MR ratio. Thus, such a crystallized amorphous magnetic alloy may be used in 

the electrode layers. 

While the MTJ device according to various embodiments of the invention has 

been described, it should be apparent to those skilled in the art that the invention is not 

limited to those specific embodiments and various other modifications, improvements 

and combinations are possible. For example, the height of the tunnel barrier may be 

adjusted by doping Ca or Sr, instead of introducing an oxygen vacancy defects to the 

MgO layer. Further, while the MgO layer has been described to be deposited by 

electron-beam evaporation or sputtering, it should be obvious that other deposition 

methods are also possible. The term "high vacuum" refers to values on the order of 

no more than 10-6 Pa in the case where oxygen is not introduced, for example. In the 
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case where oxygen is introduced, the term refers to values on the order of 104 Pa. 

In accordance with the invention, a larger magnetoresistance than in the 

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

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

reduced so that it is optimized for MRAM. The invention thus enables the level of 

integration of MRAM using the MTJ device to be readily increased. In accordance 

with the invention, the output voltage value of the MRAM roughly doubles over prior 

art, making the MTJ device of the invention suitable for very large scale integrated 

MRAMs of gigabit class. 
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What is claimed is: 

I. A magnetoresistive device comprising a magnetic tunnel junction structure 

comprising: 

a tunnel barrier layer; 

a first ferromagnetic material layer of the BCC structure formed on a first side 

of said tunnel barrier layer; and 

a second ferromagnetic material layer of the BCC structure formed on a 

second side of said tunnel barrier layer, wherein 

said tunnel barrier layer is formed by a single-crystalline MgOx (001) layer or 

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

preferentially oriented. 

2. A magnetoresistive device comprising a magnetic tunnel junction structure 

comprising: 

a tunnel barrier layer comprising MgO(00 1 ); 

a first ferromagnetic material layer comprising Fe(00 1) formed on a first side 

on said tunnel barrier layer; and 

a second ferromagnetic material layer comprising Fe(00l) formed on a second 

side on said tunnel barrier layer, wherein 

said MgO(00 1) layer is formed by a single-crystal MgOx (001) layer or a 

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

oriented. 

3. A magnetoresistive device comprising a magnetic tunnel junction structure 

comprising: 
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a tunnel barrier layer comprising MgO(00 1 ); 

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

layer and comprising a single-crystalline (001) layer or a poly-crystalline layer of Fe 

or an Fe alloy of the BCC structure, said polycrystalline layer having the (001) crystal 

plane preferentially oriented therein; 

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

barrier layer and comprising a single-crystalline (001) layer or a poly-crystalline layer 

of Fe or an Fe alloy of the BCC structure, said polycrystalline layer having the (001) 

crystal plane preferentially oriented therein, wherein 

said tunnel barrier layer is formed by a single-crystalline MgOx (001) layer or 

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

preferentially oriented, wherein 

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

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

energy of at least one of said first and said second ferromagnetic layers is smaller than 

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

4. A magnetoresistive device comprising a magnetic tunnel junction structure 

comprising: 

a tunnel barrier layer; 

a first ferromagnetic material layer of the BCC structure formed on a first side 

of said tunnel barrier layer; 

a second ferromagnetic material layer of the BCC structure formed on a 

second side of said tunnel barrier layer, wherein 

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

wherein 

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

between the botto~ of the conduction band of said tunnel barrier layer and the Fermi 

energy of at least one of said first and said second ferromagnetic layers is smaller than 

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

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

value is in the range of 0.2 to 0.5 eV. 

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

value is in the range of 0.10 to 0.85 eV. 

7. A memory device comprising: 

a transistor; and 

the magnetoresistive device according to any one of claims 1 to 6, wherein 

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

8. A method of manufacturing a magnetoresistive device comprising: 

preparing a substrate; 

depositing a first single-crystalline (001) layer or a first poly-crystalline layer 

of Fe or an Fe alloy of the BCC structure, said poly-crystalline layer having the (001) 

crystal plane preferentially oriented therein; 

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

of the BCC structure under high vacuum, said tunnel barrier layer comprising a 
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single-crystalline MgOx (001) or a poly-crystalline MgOx (0 < x < 1) in which the 

(001) crystal plane is preferentially oriented; and 

forming a second single-crystalline (00 I) layer or a second poly-crystalline 

layer of Fe or an Fe alloy of the BCC structure on said tunnel barrier layer, said 

polycrystalline layer having the (00 I) crystal plane preferentially oriented therein. 

9. A method of manufacturing a magnetoresistive device comprising: 

a first step of preparing a substrate comprising a single-crystalline MgOx 

(00 I) or a poly-crystalline MgOx (0 < x < I) in which the (00 I) crystal plane is 

preferentially oriented; 

a second step of depositing a first single-crystalline (00 I) layer or a first 

poly-crystalline layer of Fe or an Fe alloy of the BCC structure, said polycrystalline 

layer having the (001) crystal plane preferentially oriented therein, and then carrying 

out an anneal process for crystallization; 

a third step of depositing a tunnel barrier layer on said first (001) layer of Fe 

or an Fe alloy of the BCC structure under high vacuum, said tunnel barrier layer 

comprising a single-crystalline MgOx (001) 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 single-crystalline (001) layer or a second 

poly-crystalline layer of Fe or an Fe alloy of the BCC structure on said tunnel barrier 

layer, said poly-crystalline layer having the (00 I) crystal plane preferentially oriented 

therein. 

I 0. The method of manufacturing the magnetoresistive device according to claim 8 or 

9, further comprising the step of causing a seed layer to be grown between said first 
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and said second steps, said seed layer comprising a single-crystalline MgOx (001) or a 

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

oriented. 

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

9, wherein the step of forming said tunnel barrier layer comprising said 

single-crystalline MgOx (001) or said polycrystalline MgOx (0 < x < 1) in which the 

(001) crystal plane is preferentially oriented further comprises the step of adjusting 

the value of x in MgOx. 

12. A method of manufacturing a magnetoresistive device comprising: 

preparing a substrate; 

depositing a first single-crystalline (001) layer or a first poly-crystalline layer 

of Fe or an Fe alloy of the BCC structure, said poly-crystalline layer having the (001) 

crystal plane preferentially oriented therein; 

forming an amorphous MgO layer on said first (001) layer of Fe or an Fe alloy 

of the BCC structure and then crystallizing said amorphous MgO layer by annealing 

so as to form a tunnel barrier layer comprising the single-crystalline MgOx (001) or 

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

oriented; and 

forming a second single-crystalline (001) layer or a second poly-crystalline 

layer of Fe or an Fe alloy of the BCC structure on said tunnel barrier layer, said 

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

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

value of x in MgOx adjusted. 

14. The method of manufacturing the magnetoresistive device according to claim 12, 

wherein the step of forming said amorphous MgO comprises the step of adjusting the 

value of x in MgOx. 

15. A magnetoresistive device comprising a magnetic tunnel junction structure 

comprising: 

a tunnel barrier layer; 

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

layer and comprising an amorphous magnetic alloy; and 

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

barrier layer and comprising an amorphous magnetic alloy, wherein 

said tunnel barrier layer is formed by a single-crystalline MgOx (001) or a 

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

preferentially oriented. 

16. The magneto resistive device according to claim 15, wherein the discontinuous 

value (the potential barrier height of the tunnel barrier) between the bottom of the 

conduction band of said tunnel barrier layer and the Fermi energy of at least one of 

said first and said second ferromagnetic layers is smaller than an ideal value in the 

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

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

a tunnel barrier layer; 

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

layer and comprising an amorphous magnetic alloy; and 

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

barrier layer and comprising an amorphous magnetic alloy, wherein 

said tunnel barrier layer is formed by a single-crystalline MgOx (001) or a 

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

preferentially oriented, and wherein 

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

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

energy of at least one of said first and said second ferromagnetic layers is smaller than 

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

18. The magnetoresistive device acco1c"ding to claim 16 or 1 7, wherein said 

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

19. The magnetoresisti ve device according to claim 16 or 1 7, wherein said 

discontinuous value is in the range of0.10 to 0.85 eV. 

20. A memory device comprising: 

a transistor; and 

the magnetoresistive device according to any one of claims 15 to 19, wherein 

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

preparing a substrate; 

depositing a first ferromagnetic material layer comprising an amorphous 

magnetic alloy on said substrate; 

forming an amorphous MgO layer on said first ferromagnetic material layer 

and then crystallizing said amorphous MgO layer by annealing so as to form a tunnel 

barrier layer comprising a single-crystalline MgOx (001) or a poly-crystalline MgOx (0 

< x < 1) in which the (001) crystal plane is preferentially oriented; and 

depositing a second ferromagnetic material layer comprising an amorphous 

magnetic alloy on said tunnel barrier layer. 

22. The method of manufacturing the magnetoresistive device according to claim 21, 

wherein the step of forming said tunnel barrier layer comprising said single-crystalline 

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

is preferentially oriented involves deposition by spl!.ttering using a target with the 

value of x in MgOx adjusted. 
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l 

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

upper electrode (a second electro<:1e) with the thickness of 10 nm is then 

formed on 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 to realize an antiparallel magnetization alignment. 
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FIG. 2 (A) 

FIG. 2 (B) 
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FIG. 3 (A) 

FIG. 3 (B) 
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Attorney's Docket No.: /-f ( f?A ·O 2 5'1 

DECLARATION, POWER OF ATTORNEY AND PETITION 

I (We), the undersigned inventor(s), hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I (We) believe that I am (we are) the original, first, and joint (sole) inventor(s) of the 

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

MANUFACTURING THE SAME 

the specification of which 

■ 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 IO 2005 

and was amended under PCT Article 19 
on __________________ _ (if applicable). 

I (We) hereby state that I (We) have reviewed and understand the contents of the 

above-identified specification, including the claims, as amended by any amendment 

referred to above; that I (We) do not know and do not believe that this invention was 

ever known or used before my invention or discovery thereof, or patented or described in 

any printed publication in any country before my invention or discovery thereof, or more 

than one year prior to this application, or in public use or on sale in the United States for 

more than one year prior to this application; that this invention or discovery has not been 

patented or made the subject of an inventor's certificate in any country foreign to the 

United States on an application filed by me or my legal representatives or assigns more 

than twelve months before this application. 
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I (We) acknowledge the duty to disclose information known to be material to the 

patentability .of this application as defined in Section 1.56 of Title 37 Code of Federal 

Regulations. 

I (We) hereby claim foreign priority benefits under Section l l 9(a)-(d) of Title 35 United 

States Code, of any foreign application(s) for patent or inventor's certificate listed below 

and have also identified below any foreign application for patent or inventor's certificate 

having a filing date before that of the application on which priority is claimed: 

Priority 

Application No. Country Filing date claimed 

2004-071186 JaQan March 12, 2004 ■ Yes D No 

2004-313350 JaQan October 28, 2004 ■ Yes D No 

D Yes D No 

□ Yes □ No 

I hereby claim the benefit under Section l 19(e) of Title 35 United States Code, of any 

United States application(s) listed below. 

(Application Number) (Filing Date) 

(Application Number) (Filing Date) 

I (We) hereby claim the benefit under Section 120 of Title 35 United States Code, of any 

United States application(s) listed below and, insofar as the subject matter of each of the 

claims of this application is not disclosed in the prior United States application in the 

manner provided by the first paragraph of Section 112 of Title 35 United States Code, I 

(We) acknowledge the duty to disclose material information as defined in Section l .56(a) 

of Title 37 Code of Federal Regulations, which occurred between the filing date of the 

prior application and national or PCT international filing date of this application: 
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Application Serial No. Filing Date 

Status (pending, 

patented, 

abandoned) 

3/3 

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

Registration No. 34,072. 

l(We) hereby request that all correspondence regarding this application be sent to the firm of Reed 

Smith LLP whose Post office address is: 3110 Fairview Park Drive, Suite 1400, Falls Church, Virginia 

22042-4503 U.S.A. 

I (We) declare further that all statements made herein of my (our) knowledge are true 

and that all statements were made with the knowledge that wilJful false statements and 

the like so made are punishable by fine or imprisonment, or both, under Section 1001 of 

Title 18 of the United States Code and that such willful false statements may jeopardize 

the validity of the application or any patent issued thereon. 

Shinii YUASA 

NAME OF FIRST INVENTOR 

Signature of Inventor • 

August 21, 2006 

Date 

Residence: Ibaraki. Jaoan 

Citizen of: ""'Ja""p""a=n"'----------­
Post Office Address: c/o National 

Institute of Advanced Industrial Science 

and Technology, Tsukuba Central 2, 1-1, 

Umezono 1-chome, Tsukuba-shi 

Ibaraki 305-8568 Japan 
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_t0/5 919 Ls? 
IAP9 Rec'd PCT/PTO "R SEP 20~ 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of ) 
) 

YUASA ) 
) 

Application Number: To Be Assigned ) 
) 

Filed: Concurrently Herewith ) 
) 

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

) 
ATTORNEY DOCKET No. HIRA.0236 ) 

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

PRELIMINARY AMENDMENT 

Sir: 

Applicants have amended the claims to eliminate the multiple dependencies and 

correct the claims in accordance with standard U.S. practice. Prior to an examination on the 

merits, please amend the above-identified application as follows: 

FRXLIB-436727.1-LMGREENE 9/8/06B:o7 AM 
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IN THE CLAIMS: 

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

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

comprising: 

a tunnel barrier layer; 

a first ferromagnetic material layer of the BCC structure formed on a first side 

of said tunnel barrier layer; and 

a second ferromagnetic material layer of the BCC structure formed on a 

second side of said tunnel barrier layer, wherein 

said tunnel barrier 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. 

2. (Original) 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 

on said tunnel barrier layer; and 

a second ferromagnetic material layer comprising Fe(00l) formed on a second 

side on said tunnel barrier layer, wherein 

said MgO(00l) layer is formed by a single-crystal MgOx (001) layer or a poly­

crystal MgOx (0 < x < 1) layer in which the (001) crystal plane is preferentially 

oriented. 

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

junction structure comprising: 

a tunnel barrier layer comprising MgO(00l); 

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

layer and comprising a single-crystalline (001) layer or a poly-crystalline layer of Fe 

or an Fe alloy of the BCC structure, said polycrystalline layer having the (001) crystal 

plane preferentially oriented therein; 

a second ferromagnetic material layer formed on a second side of said tunnel 
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barrier layer and comprising a single-crystalline (001) layer or a poly-crystalline layer 

of Fe or an Fe alloy of the BCC structure, said polycrystalline layer having the (001) 

crystal plane preferentially oriented therein, wherein 

said tunnel barrier layer is formed by a single-crystalline MgOx (001) layer or 

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

preferentially oriented, wherein 

[[the]]~ discontinuous value (the potential barrier height of the tunnel barrier) 

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

energy of at least one of said first and said second ferromagnetic layers is smaller than 

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

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

junction structure comprising: 

a tunnel barrier layer; 

a first ferromagnetic material layer of the BCC structure formed on a first side 

of said tunnel barrier layer; 

a second ferromagnetic material layer of the BCC structure formed on a 

second side of said tunnel barrier layer, wherein 

said tunnel barrier layer is formed by a single-crystalline MgO (001) layer or a 

poly-crystalline MgO layer in which the (001) crystal plane is preferentially oriented, 

wherein 

[[the]]~ discontinuous value (the potential barrier height of the tunnel barrier) 

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

energy of at least one of said first and said second ferromagnetic layers is smaller than 

an ideai vaiue in the case where the MgO (001) layer is a perfect si11gle-crysta!. 

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

wherein said discontinuous value is in the range of0.2 to 0.5 eV. 

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

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

a transistor; and 

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

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

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

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

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

preferentially oriented aeeemiag te aHy ene ef elaims I te e, wherein said 

magnetoresistive device is used as a load for said transistor. 

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

preparing a substrate; 

depositing a first single-crystalline (001) layer or a first poly-crystalline layer 

of Fe or an Fe alloy of the BCC structure, said poly-crystalline layer having the (001) 

crystal plane preferentially oriented therein; 

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

the BCC structure under high vacuum, said tunnel barrier layer comprising a single­

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

crystal plane is preferentially oriented; and 

forming a second single-crystalline (001) layer or a second poly-crystalline 

layer of Fe or an Fe alloy of the BCC structure on said tunnel barrier layer, said 

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

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

a first step of preparing a substrate comprising a single-crystal!ine MgOx (001) 

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

preferentially a second step of depositing a first single-crystalline (001) layer or a 

first poly-crystalline layer of Fe or an Fe alloy of the BCC structure, said 

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

then carrying out an anneal process for crystallization; 

a third step of depositing a tunnel barrier layer on said first (001) layer of Fe or 

an Fe alloy of the BCC structure under high vacuum, said tunnel barrier layer 

comprising a single-crystalline MgOx (001) or a poly-crystalline MgOx (0 < x < 1) in 
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which the (001) crystal plane is preferentially oriented; and 

a fourth step of forming a second single-crystalline (001) layer or a second 

poly-crystalline layer of Fe or an Fe alloy of the BCC structure on said tunnel barrier 

layer, said poly-crystalline layer having the (001) crystal plane preferentially oriented 

therein. 

l 0. (Currently Amended) The method of manufacturing the magnetoresistive device 

according to claim 8 [[or 9]], further comprising the step of causing a seed layer to be 

grown between said first and said second steps, said seed layer comprising a single­

crystalline MgOx (001) or a poly-crystalline MgOx (O < x < l} in which the (001) 

crystal plane is preferentially oriented. 

11. (Currently Amended) The method of manufacturing the magnetoresistive device 

according to claim 8 [[ or 9]], wherein the step of forming said tunnel barrier layer 

comprising said single-crystalline MgOx (001) or said polycrystalline MgOx (0 < x < 

1) in which the (001) crystal plane is preferentially oriented further comprises the step 

of adjusting the value of x in rvtgOx. 

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

preparing a substrate; 

depositing a first single-crystalline (001) layer or a first poly-crystalline layer 

of Fe or an Fe alloy of the BCC structure, said poly-crystalline layer having the (001) 

crystal plane preferentially oriented therein; 

forming an amorphous MgO layer on said first (001) layer of Fe or an Fe alloy 

of the BCC stmcture and then crystallizing said a..'11orphous MgO layer by annealing 

so as to form a tunnel barrier layer comprising the single-crystalline MgOx (001) or 

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

oriented; and 

forming a second single-crystalline (001) layer or a second poly-crystalline 

layer of Fe or an Fe alloy of the BCC structure on said tunnel barrier layer, said poly­

crystalline layer having the (001) crystal plane preferentially oriented therein. 
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13. (Original) The method of manufacturing the magnetoresistive device according to 

claim 12, wherein said amorphous MgO layer is deposited by sputtering, using a 

target with the value of x in MgOx adjusted. 

14. (Original) The method of manufacturing the magnetoresistive device according to 

claim 12, wherein the step of forming said amorphous MgO comprises the step of 

adjusting the value of x in MgOx. 

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

comprising: 

a tunnel barrier layer; 

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

layer and comprising an amorphous magnetic alloy; and 

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

barrier layer and comprising an amorphous magnetic alloy, wherein 

said tunnel barrier layer is formed by a single-crystalline MgOx (001) or a 

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

preferentially oriented. 

16. (Currently ~ended) The magnetoresistive device according to claim 15, wherein 

[[the]] ~ discontinuous value (the potential barrier height of the tunnel barrier) 

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

energy of at least one of said first and said second ferromagnetic layers is smaller than 

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

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

junction structure comprising: 

a tunnel barrier layer; 

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

layer and comprising an amorphous magnetic alloy; and 

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

barrier layer and comprising an amorphous magnetic alloy, wherein 

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

preferentially oriented, and wherein 

[[the]]~ discontinuous value (the potential barrier height of the tunnel barrier) 

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

energy of at least one of said first and said second ferromagnetic layers is smaller than 

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

18. (Currently Amended) The magnetoresistive device according to claim 16 er----1-+, 

wherein said discontinuous value is in the range of0.2 to 0.5 eV. 

19. (Currently Amended) The magnetoresistive device according to claim 16 er----1-+, 

wherein said discontinuous value is in the range of0.10 to 0.85 eV. 

20. (Currently Amended) A memory device comprising: 

a transistor; and 

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

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

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

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

magnetic alloy. wherein said tunnel barrier layer is formed by a single-crystalline 

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

plane is preferentially oriented aeeonling to any one of elaims 15 ta 19, wherein said 

magnetoresistive device is used as a load for said transistor. 

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

preparing a substrate; 

depositing a first ferromagnetic material layer comprising an amorphous 

magnetic alloy on said substrate; 

forming an amorphous MgO layer on said first ferromagnetic material layer 

and then crystallizing said amorphous MgO layer by annealing so as to form a tunnel 

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

(0 < x < 1) in which the (001) crystal plane is preferentially oriented; and 

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

22. (Original) The method of manufacturing the magnetoresistive device according to 

claim 21, wherein the step of forming said tunnel barrier layer comprising said single­

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

crystal plane is preferentially oriented involves deposition by sputtering using a target 

with the value ofx in MgOx adjusted. 

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

value is in the range of 0.2 to 0.5 eV. 

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

value is in the range of 0.10 to 0.85 eV. 

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

the first ferromagnetic material layer and the second ferromagnetic material 

layer are each a BCC structure. 

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

the tunnel barrier layer comprises MgO(00 1 ), and 

the first ferromagnetic material layer and the second ferromagnetic material 

layer each comprise Fe(00l). 

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

the tunnel barrier layer comprises MgO(00 1 ), 

the first ferromagnetic material layer and the a second ferromagnetic material 

layer each comprises a single-crystalline (001) layer or a poly-crystalline layer of Fe 

or an Fe alloy of the BCC structure, said polycrystalline layer having the (001) crystal 

plane preferentially oriented therein, and 

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

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

energy of at least one of said first and said second ferromagnetic layers is smaller than 

an ideal value in the case where the MgO (001) layer is a perfect single-crystal. 
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28. (New) The memory device of claim 27, wherein said discontinuous value is in the 

range of 0.2 to 0.5 eV. 

29. (New) The memory device of claim 27, wherein said discontinuous value is in the 

range of 0.10 to 0.85 eV. 

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

the first ferromagnetic material layer and the second ferromagnetic material 

layer are each a BCC structure, and 

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

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

energy of at least one of said first and said second ferromagnetic layers is smaller than 

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

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

range of 0.2 to 0.5 eV. 

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

range of0.10 to 0.85 eV. 

33. (New) The method of manufacturing the magnetoresistive device according to claim 

9, further comprising the step of causing a seed layer to be grown between said first 

and said second steps, said seed layer comprising a single-crystalline MgOx (001) or a 

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

oriented. 

34. (New) The method of manufacturing the magnetoresistive device according to claim 

9, wherein the step of forming said tunnel barrier layer comprising said single­

crystalline MgOx (001) or said polycrystalline MgOx (0 < x < 1) in which the (001) 

crystal plane is preferentially oriented further comprises the step of adjusting the 

value ofx in MgOx. 
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35. (New) The magnetoresistive device according to claim 17, wherein said discontinuous 

value is in the range of 0.2 to 0.5 eV. 

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

value is in the range of0.10 to 0.85 eV. 

37. (New) The memory device of claim 20, wherein the discontinuous value (the potential 

barrier height of the tunnel barrier) between the bottom of the conduction band of said 

tunnel barrier layer and the Fermi energy of at least one of said first and said second 

ferromagnetic layers is smaller than an ideal value in the case where the MgO (001) 

layer is a perfect single-crystal. 

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

range of 0.2 to 0.5 eV. 

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

range of 0.10 to 0.85 eV. 
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REMARKS 

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

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

to the application as a result of these amendments. 

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

respectfully request an early and favorable action on the merits. 

REED SMITH LLP 
3110 Fairview Park Drive 
Suite 1400 
Falls Church, Virginia 22042 
[(703) 641-4200 

September 8, 2006 

Respectfully submitted, 

Stanley P. Fisher 
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IN THE UNITED ST ATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of ) 
) 

YUASA ) 
) 

Application Number: To Be Assigned ) 
) 

Filed: Concurrently Herewith ) 
) 

For: MAGNETIC TuNNEL JUNCTION DEVICE AND ) 
METHOD OF MANUFACTURING THE SAME ) 

) 
ATTORNEY DOCKET No. HIRA.0236 ) 

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

INFORMATION DISCLOSURE STATEMENT 

Pursuant to 37 C.F.R. §§ 1.56 and 1.97, this Information Disclosure Statement is 

submitted in the above-identified National Stage U.S. patent application. A listing of 

documents to be published on the face of any patent granted from this application is 

submitted herewith on Form PT0-1449. Any other documents or information submitted for 

consideration by the Examiner are listed in this paper. A copy of each foreign patent, or each 

· publication or portion thereof listed or herein identified, is submitted herewith. 

CERTIFICATION 

This Information Disclosure Statement is submitted with the initial filing of the 

application. Accordingly, no fee is due or payable at this time. 

The Examiner is requested to acknowledge consideration of the information provided 

in this paper in accordance with prescribed procedures. 
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IAP9 Rec~d PCT/PTO O 8 SEP ZOOSl 

Please charge any additional fees or credit any overpayments in connection with this 

paper to Deposit Account No. 08-1480. 

REED SMITH LLP 
3110 Fairview Park Drive 
Suite 1400 
Falls Church, Virginia 22042 
(703) 641-4200 

September 8, 2006 

Respectfully submitted, 

Stanley P. Fisher 
Registration Number 24,344 
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t0/591947 
IAP9 Rec'd PCT/PTO O 8 SEP 20061 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of ) 
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YUASA ) 
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Application Number: To Be Assigned ) 
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Filed: Concurrently Herewith ) 
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(57) Abstract: A single crystal MgO(00l) substrate (11) is 
prepared. An epitaxial Fe(00l) lower electrode (fast electrode) 
(17) having a thickness of 50 run is deposited on an MgO(00l) 
seed layer (15) at room temperature. In an ultrahigh vacuum 
(2x 10·8 Pa) state, annealing is preformed at 350°C. An MgO(00l) 
barrier layer (21) having a thickness of 2 run is epitaxially 
deposited on the Fe(00l) lower electrode (first electrode) (17) 
at room temperature by MgO electron beam vacuum deposition. 
An Fe(00l) upper electrode (second electrode) (23) having a 
thickness of 10 run is deposited on the MgO(00l) barrier layer 
(21) at room temperature. Consecutively, a Co layer (21) having 
a thickness of 10 nm is deposited on the Fe(00l) upper electrode 
(second electrode) (23). The Co layer (21) enhances the holding 
capability of the upper electrode (23) to realize an antiparallel 
magnetization arrangement. By microfabrication the above 
produced sample, Fe(001)/Mg0(001)/Fe(001) TMR element is 
fabricated. Thus, the output voltage value of an MRAM can be 
increased. 
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tim1wI :a:-M O s FE Ti,: J:: I'.) ind7-!f3<.G.:: ti,:: J:: I'.)' ~G'~'lifli :a:-~fLJj.fr\-j-.:: t iJ1 -C-§GO I¾i 
... ·IW¥!i0)~ §~;ti±, 1Jtl .:t ti', TM R *T-"-O)m~O)l=P1J□ v:: J:: I'.) 1T-) .:: 2:: iJ~-c-§Go ~ 9 

( C) v::ffi-t- J::-) (,::, MR AM~ .:i:-1) ~ Jld±, p ~ s i £tR 1 0 1 F9 v::%mt ~ nt.:: 1/-A 
'jjlf~l O 3 t Fv-1 /''jjJ[~l O 5 t, ~O)Faiv:uID~~i1-G-r-Vi-..Jv'jj1fhiv:;e.jl.,--C%nit~tL 
t.:: 1/- J--m111JK 1 1 1 t ~ ;;ff T GMO S F E T 1 0 0 2::, TM R *T l 1 7 2:: :a:-~ l., --C v• G 
o 1/ - A ~Ji~ l O 3 U 1/ - A ffl:;fii.JK 1 1 3 :a:-1)--l., --c•±& ( G ND) ~ tL., F v-1 /'~Ji~ l 0 
5 ,±-. Fv-1 ✓~~ l 1 5 t TMR*Tt :a:-1)--L--Ct:::; 1--l!>llB L v::•iwE~tL--Cv•Go 9-
F*IWL £:;l:7'- r ffl:;fii)K 1 1 1 v::M l., -C~/'F l.,~v•~I~v::.:i3v•-C•-~ ;f1---cv~ G 0 

[0004] 
.!2J_J::(,::mooLt.:J::-)v::, 7f';j:il[~'l~..)(.:i:-1JMRAM!±, 1--::JO)MQSFET 100 2::TM 

R *T 1 1 7 t ~= J:: I'.) 1 -? 0) ~ .:i:-1J ~ Jv ~ % mt-t- G .:: t iJ1 -e § G t.:: 60., ~ ~ffl1t ~= jI!I L t-: 
..)( .:i:-1J *T t v•-) .:: t iJ1 -C-§ Go 

[0005] 
[~P!tt~Jt~ 1] D. Wang, et al. :Science 294 (2001) 1488. 

[ % 1¥.! 0) fffl 7F ] 
[%1¥.liJ~jfJ,Yc L J:: -) t T G ~J~] 

[0006] 
;lj!;/x 0) ttfirr ~ ffl v • G .:: t v= J:: I'.) 6 4 M b i t lioc 0) M R AM :a:-~;lj! T G J! :im l., ,± JZ 0 -C v-; 
~ iJ1 -. --c-tLJ2}_J::0)~~111tO)f,: 60 ~= ,±, MR AMO),L,JliitB--C' a; GT MR **O)~'I~ :a:-fi:i:IJ:: 
~ -ii" G £,~iJ 1 2b Go !tl v::., TM R *TO) fr\jJ ffl:EE :a:-fi:i:IJ:: ~ -ii" G v:: £±, ?il!~tltiJCO):I:~* 2:: ~ 

tl:HiE!tl 2 o o 5 - 3 o 1 2 9 4 5 
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fE~ttO)a~O)~~#~~-e~Go~lO~ ... 7~N777'Al-O:r}Y*N•mtL 
t.:f,Ol~fil TM R *-=f-O)ffi~tt.HfGO) l=PJJD1itfE K J: G ~1t :r JFT ~ -e ~ G ( L 1 ) o ~ 1 0 &: 
JFT J: '? v:, tit*fil TM R *-=f-~= :J3 v• --c ,±, ii~1E:miJ~,1J--. "2 < ... ~ ~= ltfE :r l=P11DT G .::. t 
~= J: 19 fifi~tim ii~ ;E-?tt ~= /]--. 2- < ~ G 11i ffiJ 'Ji~ ,7j_ G n G o .::. 0) J: '? ~ ~'I~ -e ~±... iJJ{t? - :J Y 
:r~J:I Lt.: tl:tiJltfEiJ~.,J--. 2-T ~ G t.:tiJ.., ~~O)~i:.'~*-=f-~=ffl v• G O)'Ji~Jt L v•o J: I'.) JU*89 
~= t± ... =~~)ljtO) TM R *-=f-0)1itt'A1'im,±ffe970% t fg; < ... "it.: l±LtJ'~EE 1b 200 m V J2L T t 1£S:v• 
t.: tiJ.., DR AMO) lli:1.JltfE &:J:t~--c~WB<J v:¥-5}-e ~ l'J ... ~lloc :r J::if G ~:1,itv•1i%il~ / 
-1 X' v::tm. ~ ,11, --c~n,lj.1£-l±" ~ < ~-? --c Lt -) t v•-) ri:i':I:lmil~~ -:::it.: o 

[0007] 
*-%1¥.H±, TM R *-=f-~::Jo ~t G lli:iJltfE :r* ~ < T G.::. t :r § 89 t T Go "2 0 ~= ... * ~ 

~1ifi1«JE:m&: J: I? ... ~5£~:tMt--t G ~i:.•~~ffi': :r~'fitT G.::. t :r § 89 t T Go 
[~~ :rifJli:k:T Gt.: tiJ 0)-'f-.§t] 

[0008] 
*3S~O)-,W!,1~n= J: ,r1,fi'-. 1' Y i,Jv~:f:mAi t, • 1' ✓ i,Jv~:t:mAiO)~ 1 ffi1JIU v=*imt 2-,11, 

t.: BC C 1tm :r~T Gm 1 O)Si1tl1'1~1*Ai t, lW~i:. 1' Yi ... Jv~:f-AiO)m 2 ffi'ffltl ~=%mt 2-nt.: 
B C C iW:@ :r *-f T Gm 2 0) 5i1itt'l~1*Ji t, :r *-f T G 1ifi'A r- Yi ... Jv~~-:@-e ~-? --c, lW~c. 
1' Y ;z, Jv~:fmliii~, •ffi~M g Ox ( 1 o o) ~ G v• ~± ( 1 o o) ffi~ ffiiJ~~:%Wc.ffiJ Lt.: 

~*a ~Mg Ox ( 0 < x < 1 ) Ji~= J: V) %mt 2-j1., --C v• G.::. t :r!f:'ifffi: t T G ffi'A1'im*T7J~ 
m:1;!:l; 2-t1.. Go 

[0009] 
i~ ... MgO (100) ~l::>~G} ✓ *N•mA1t .... r-Y*N•m®O)m1m■ ~% 

mt 2-i'Lt.: F e ( 1 0 0) 'Ji ... G ~Gm 1 0)5_m:pfi•t1:1*Ai t, lW~i:. r- Yi ... Jv~:f:mfi O)m 2 ffi1JIU ~= 
%mt 2-i'Lt.: F e ( 1 0 0) iJ--. 0 ~Gm 2 0>5i1ifi'l~1*Ai t... :r ~T G ffi~ 1' Yi ... Jv~~-:@ 
-e~ -:::it, iwiaM g O,liliJ~, •ffia'1iM g Ox ( 1 'o O) ~ G v•,± ( 1 0 0) ffi~ffiiJ~~:% 
We.~ L t.:~ffia'1iM g Ox ( 0 < x < 1) ~ v: J: I'.) %mt 2-ht v• G .::. t :rtt'ifffi: t T G ffi~tE: 
m*-=f-ii~m:1;!:!; 2-n G o iwic.M g O ( 1 0 0 ) ~ O){~:i¥wTtloo t lW~c. F e ( 1 0 0 ) fi O> 7 
.I. )v ~ .::C. i ... )v =F- 0) F13':f 0) ::;f ~i'wt{@: ( } ✓ ;;t ... )v ~:t:m~ 2-) :r !iiffi ~ v: ;j3 ~t G -fill J: I'.) 1b fg; < L 
t.:.:. t :r !f:'ifffi: t T Go J::~c.1tmt :r ffl v• G t ... 1ifi~tl}JtiJ~tw* LT MR *-=f-0> lli:iJltfE :r* 
~ < T G .::. t iJ~-e ~ t.: o 1 --:> O> 1" 7 ::,, :J 7' 5' O)~ 1itr t L --c J:: ~c.ffi'A1°E:m*-=f-:r ffl v• G t , 
::;r.•3SttO>~ffi*-=f-:r%mtTG.::.t#-e~~o 

[0010] 
*9a~0>fih0>,W!,1~0: J: n,:r, £if:&::r~1JmT GI.;J;i t ... ~£tocJ::~:~ 1 0> Fe ( 1 0 0) 

Ai :r jtg;¥.f T G I:fi t ... 1W ~c. m 1 O> F e ( 1 0 0 ) Ai J:: v:: lt-=f-I::' - L ~ m ~ &: J: I'.) !ii ffi ~ M 
g o x c 1 o o ) ~ G ", t± c 1 o o ) *a~ m iJ~~:$t we. ffiJ L t.: ~*6 ~ M g o x < o < x < 1 
) iJ--. G ~ G 1" Y ;t ... Jv~:fmfi :r ~-~T v: i3 v•--Cjftff--t G IJI t ... ~ 1" Y ;t ... Jv~:fm%.iJ:: (t: m 
2 0) Fe ( 1 0 0) fi :r%mtT G I.;@t :r~--t G.::. t :r!f'ifffi: t T Gffl~il}J'G*-=f-O)f9::@7J 

~iJ 1~1;!:!; ~ i'L Go 
[0011] 

it.: ... •*a~M g Ox ( 1 0 0) ~ G v•v± ( 1 0 0) it:a~ffiiJ~~:%Wc.ffiJ Lt.:~it:a~M g 
0 x ( 0 < x < 1) iJ ... G ~0£if:&::r${imTGm 1 I.fit .. ~£;f:J[J:.~=m 1 O>F e ( 1 0 0 
) fi :r:l:fHl L ... *"• "Z'' ... ffi~1t0> t.: tiJ 0> 7.:::.. - Jv :r1T '? ffi 2 Ifi t ... iwic.m 1 0) F e ( 1 
0 0) fiJ::(t:lt-=f-1::::-L~m~(t:J: !J!iiffia~MgOx (1 0 0) ~Gv•t± (100) *aa'1i 
jijiJf~:$tWc.ffiJ L t.:~ffi~M g Ox ( 0 < x < 1 ) ii ... I::>~ G }-Yi, Jv~:fmfi :r ?&j-~T ~= i3 
v• --c:ttUl--t Gm 3 I*-¥. t... ~ 1" Y ;t ... Jv ~:f~~ J:: (t: * 2 0) F e ( 1 0 0 ) ~ :r %mtT G ffi 4 
If.¥ t :r ~T G .::. t :r 4f~ t T G m~tlfm*-=f-0)~:@~f;t:iJ~~,fit 2-;fl, GO ~ ... iwiam 1 I 
;f:¥. t ~ 2 I.lit 0) F13':f (t:, •*aa'1iM g OX ( 1 0 0) ~ G v• t± ( 1 0 0) *6~ ffiiJ~~:%Wc.ffiJ 
Lt.:~ffi®M g Ox ( o < x < 1) iJ--. 0 ~ G :,,,~ ~Ai :r mt!t--t G I.fi :r~ L --Cv•--C 1b N.v• 

0 it.:, !W~G 7 ~ )V 7 7 AM g O Ai~'\ Mg OX 0) X {@: :r~~~h,O) 5' - -7'-;, 1' :r ffl \;• --c 
jftll L --c ~ R v• o .::. 0) ~~, lW~c. 7 ~ Jv 7 7 7' M g O :r %mt--t G If.¥ i:p (t;:... M g O x 0) x frn: 
:r~~ L --c 1b N.v•a 

ffifill:ttf 2 0 0 5 - 3 0 1 2 9 4 5 
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[0012] 
*9€"1¥.10) 2- I:> ~=53U O)Wl,¢.{ ~= J: ;J1-Li'... Mg O ( 1 0 0) ii" G ~ ,Q r-✓ i, Jv •m~ t, ~ r-

✓ i, }v~.fm~ O)ffi 1 ffitijH:%$: 2-nt.: 7-=E }v 7 7 Ali.ti'li.ir:4i£il" G ~ ~ ffi 1 0) 5Jirfi11'li.f$:~ t 
... ~Er- ✓ *~•m~O)ffi2ffi-~%Jvt2n~7-=EN77AStt-fr~~G~~-20)~­
ttf$:~t ... ~~T~S~r- ✓ *N•ir•~~~-?t,$EMgO (100)~0)~--T 
ttw t ~i~ 7-=E ;v 7 7 ;z:fittli.-fr~il" G ~ ~ ffi 1 Xtl:ffi 2 0) 5Jifiifi'li.f$:~ c 0) 7 .:i:. ;v ~ ~f1LO) r13EJ 
0)/f~~f@: ( r ✓ ;r,;1,,~fmO)i@i2) ~1t*aa'1t~:i3it~:f.i~B9~f@:J: VJ <b15: < Lt.:.:::. t ~!f:t 
1/l c T ,Q ?ifi%.ttUfL;~f=f-ilt1~{=lt 2 ;J1, ~ o 

[ 9€" 1¥.1 0) ~jJ *] 
[0013] 

*%1¥.1 ~= J: n,~r, :ffE*O) TM R *-=r~=Jt-"Z tj( ~ ~-~tltvt ~1i~.:::. c i,t-z:, ~, TM R 
*,=f-0) lli::1JmEE ~* ~ < T ~ .:::. c i,t-z:, ~ ,Q o 1!E-? t, TM R *+ ~ ffl v• t.:M R AMO)i@i#: 
ff1ti11'~£ ,: ~ ~ c v• -J lU,¢.{iJt~ ~ o 
Ba 1¥.1 ~ ~nm T ,Q t.: ¥J 0) JI: a 0) % :t~ 1 

[0014] 
* 1¥.!;i\Bll!!H: i3 v• t ffl v~ t.:ltir.a Jid: i3 it~ 1:1:.i~B'-J ~{@:J c 0) mi:a-,±, ~)li-;rJlt:x;m+?t:x; 

O)~.l~il"GiliJl.ULt.:{@:~~~ (~~j(~:W. Wulfhekel, et al.: Appl. Phys. Lett. 78 
(2001) 509.) o .:::. 0) J: -J ~;Jx:t~-z:, ti, ~~Xtffil "?1f§.-=f-Jz~i'siJtii c Iv c.:\i~v•:l:.i~B'-J ~ltir.a 

@ M g O 0) r-✓ ;r, )V ~!m 0) J:J~ {@: c § "? .:::. t iJi~ ~ ~ t.: ¥J, 3:..118 89 ~ {@: c v, -J ffl i:a-~ ffl ", 
f.:o 

[0015] 
36"00 0)~1Jm0)%iH: -?v• t&1¥IT ~ ~ ,: ... 9€"00:;gO){i-? t.:~~~=-? v• t&OO ~tr-Jo M 

T J 0)1itt~tlt#L (MR) .It,±, £LTO)it-r:'*2;J1-~o 
D.R Rp= (Rap-Rp) Rp 

.:::. .::. -r:, R p :&U'R a p ti, 2 -?O)~ti,JiO):Pfi1tiJt~:fi t Bl~1iO)t1i,frO) r-✓ ,t ... Jv.-frtlt 
#Cc:~~ o J u 1 1 i r e 0)%5:t~: J: ntf' ... f,5:;'{ ,1 7 ;z ~EE ~:;13 it~ MR Jtt± ... £1-TO) J: 
"J ~: * 2 ;t1, G o 

MR.It= (Rap-Rp) /Rp=2P1 P2/ (l-P1 P2) ~~VJ ... 
Pa= (Da t (EF) -Da t (EF)) / (Da t (EF) +Da t (EF) ... a= 
1, 2 (1) 
t*2n~o 

[0016] 
2::. 2::. ~ ... Pa,±, ~,=f-O);z ~ ✓:fr~$~~ VJ, D a t (E F ) CD a t (E F) C ti, 

--e ;t1.--Pn... ~~;z ~ ✓ J'\ ✓ rt y~;z ~ ✓ 1" ✓ r 0) 7 .:i:. ;1,, ~ .:r.;.r ... Jv ::¥' - ( E F ) ~= i3 ,t ~ 
~xi~Wl J.!t ( D e n s i t y o f s t a t e : DO S) ~ ~ ,Q o 51tffi.fi'li.~$~~ 1St ff% 
:1i'zO)A~ ✓ O)~iH±0. 5£J-T~~~t.:¥J.., Ju 1 1 i r e0)%:ct,:J:nif', Jl:li@iv•;}l 
~MR.ltc.:Lt70%~~~2n~o 

MT J*-r~7-=EJv77;zO)A 1-00) t- ✓ ;r-.Jv~!mt~ffia'1i~~c~fflv•t{tmtT~ 
t... ~1.lffi. --C' 0) MR J:t c Lt it-9 7 0 % c \.t• "? frnf i,i:fi G n t "' ~ i,i, D RA M:sifz 0) lli::1J mEE ~ 
~ ~ 2 0 0 m V ~1i,Q 0) ,±m L < ... ~~O) J: "J ~:MR AM~mO)x..rT ,Q Fl=l~m,¢.{ c ~-? t v• 
,Q 0 

[0017] 
96"1¥.!~~;;t, W.t{t'"'<':7~i,~to/AO))t*aa'1i (100) ~,Qv•,± (100) *aa'1iffiiJt~;'6Wr,IAJ 

Lt.:~ffi@MgO~} ✓ -t,}v~.f~t Ltfflv•t.:MT J ~ffltffi:T~77°P--f-~~Ji-tv•,Q 
0 :ffE*O) 7-=E )V 7 7 A 0) 7 )v ~ T ~im t ~±~ ~ !'.)' ~1t'"'<' :7~ i, ~ 17 A ,±ffi@ (J]Ff-iJijJl~lj 
IE L < fJie,9IJ LJ.: !Ito~) ~ ~ ,Q t.: ¥J, m ,=f-iJi'/f:flS~ '2 :1'L f, i1t ,=f-0) :::r ~ - v ✓ } ~r& iJt r ✓ ;z, 
Jv:11~'I;fiO)J3v• tf*~ '2 :11...,Q.::. c iJt77J!ll '2 ;J1,,Q o ~ 1 ti, *~1iffi0)%;i~ ~: J: ~MT J *-=f-:iW 
m (~ 1 ( B) ) t ... ~!S·li.1*:1i'i~ -z:, ~ ~ F e ( 1 0 0) 0) .:r.;r, Jv::f'-;{ ✓ r:t-lm ~7.KT 
~~~VJ, 1EEtx~r13,0) [ 1 o o J :1J1AJ ~=MT ,Q E - E F O)~~~JFT~ c~ 1 CA) ) ~ 
~ ~ o ~ 1 ( B) ~:7.KT J: '? ~;: ... *~:tJffiO)~;i~ ~;: J: ~MT J *+•~,±, ffi 1 0) F e ( 1 

lli ~[!ti 2 0 0 5 - 3 0 1 2 9 4 5 
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0 0 ) ~ 1 c ... ~ 2 0) F e ( 1 0 0 ) Ji 5 c ... .::. tL I::> 0) ra~ ~= ~ i tL t.: 1li*-i!¥ ire M g O x ( 1 
0 0) Ji cb ~ v• 'i ( 1 0 0) im 13, ffii,f~:$t;Wi:.fPJ L, t.: ~*crlfil M g O x ( 0 < x < 1 ) Yi 3 c 
... :a--l[ L, --C;jwn\t 2 tL --C v• ~ o J:Jic J u 1 1 i r e 0)-=E T Jv ~: J: tLtf' ... 1~~mr0)-=E ,.){ Y '.>' 
1,, iJ'i' r :,,, ::t--}v 7· o --c: ;z 9=iv: .t3 "• --c 1:~rrr 2 i1.-~ c -t ~ c ... M g o :a-~~ -t ~ r :,,, ;t, }v m mu± 
r:,,, ::r,Jvf,f~~=¥@:~1irPJ (~,@--Jr.ffiv:M-t ~~if,,inrPJ) 0)1110:x~:7 r }v k z :a--lf-t ~ ~ 

-=f-iJ'i':Xf!cB0v:~~o Im 1 (A) v:$-t"[ 1 0 OJ (r-H) nrPJv:.t3it~ Fe O).:r..;f,Jv.:¥'­
;-:::,,, rlmv:J:tL&£ ... 7.:i:.}v~$fSLEF ~=.t3~t~~xi~WfBt (DOS) ti ... ~Jx;z l!Ycj;-21& 
Al! Y O)y 7<> J'\ Y riJ'i'7 .:i:. Jv ~ ${SL E F ~: .t3 v• --C ;!:R_i~ :a-."fl L, --C v• ~ t.: ¥> ... ~tLii c:"~v•fii 
;fi,JK .$ :a-~ 2 ~ ", o L tP L ~ iJ'i' 1::> ... m-=r-0) :::r e - v :,,, r ;jjti~ iJ'i' r :,,, ::t--Jv ~l.¥ 0) .t3 ", --c f*1¥ 2 
i1-~ :r~,g--~: ti, F>f~ v:¥@: ~1lim ~= ~ L --c r - Y Jv v:M5¥t~iBEf11~~ :a--lf-t ~ 1~~~-=f-0) J;. 
iJ'i'f>f~~~v: .t3 ~t ~ ~xi~ c ~~ L ... cb ~ -5£0) r :,,, ::t--Jv~t* :a-~-:).::. c v: ~ ~ o im 1 c A 
) ~=$-t°J:"?~=-- ~~;zl!:,,,b.11-:::,,,v C~*l) iJ'i'7.:i:.Jv~HMstEF v:;1:R.i~:a-~-t~iJ'i', 
:,1,--~;z l! Y t::,. 1 J'\ Y V (:PJ.U,,i) tt 7 .:i:. )v ~ $fft E F v:~xi~ :a-."fl L, ~ V'o .::_ 0) J: '? ~ F e t::,. 
1 /'\/ pO)J'\- 7 _){ '.>' JvE(9~!ffJ.H: J: ~ ... ~1=:itv:~v•MR.ltiJ'i':::r e - V ✓ }-~A ~ Y{,i\7i;t~ 
r :,,, ,t, Jv v: .t3 v• --c 1f 1::> ;t1., ~ 1D"~~'l1:iJ'i'cb ~ o .:r.. l! Y ~:,;"" Jv (JJ*a a'li cb ~ v• ti ( 1 o o ) We 
fi:iJ~imire) O)MT J ti, r Y;f,Jv~f.¥1:j:i~:.t3~t~~-=f-O)wt'f5LiJ'i"1J'.P$U2tL~t.:¥> ... J::~i:.O)J: 
-) ~ :::r e-vY r ~ r:,,, i,Jv:r~~-t~t.:¥>v:tt:FJI!~E101:cb~ c~x. GtL~o 

[0018] 
J;J, T... *96' ~ 0) ~ l 0) ~Mg 0) % i~ v: J: ~ :P! :1nJ.t.HfG*-=f-N.. rf ~ 0) ~:i§: JJ ~ v: -::) v • --c ~ ffi :a-

~ ~~ l,-::>-::) m ~ :r 1-r "? o lm2 (A) il"i::>~2 (D) i-c:-,i, *9S~O)~:Jiffi0)%i~v:J:~F 
e ( 1 O O) /Mg O ( 1 O O) / F e ( 1 O O) ;Jw:i§: :a--lf-t ~ :P!1nA=lm*r (Ql T, 1 
F e ( 1 0 0) /Mg O ( 1 0 0) F e ( 1 0 0) MT J J c ~T ~ o ) O)~:i§:I5¥.¥ :a­
ifi~E19 ~:$-t"~--c:· cb ~ o Fe ( 1 0 0) ,i ... BC C;Jw:@:a-."flT~5itH!'l1:12fs:-C:'cb~o if\ 
]Jir-i!f ire M g O ( 1 0 0 ) £1R 1 1 :a-$,frm L... MB E ~ (:frr*l.:r.. l! '.7 ~ '1/ - ~) v: J: lrJ ... 
lJ*aa'liM g O ( 1 0 0) £1R 1 1 O)~ffi0)-1:- 7 ~ D :J- =a-cJc~T ~ t.:¥>, Mg O ( 1 0 0 
) :,;- FJi 1 5 :a-nx::&T~o ~mcL--C ... ~ 1 (B) ~:$-t"J:-:, v: ... 5 0 nm~O).:r..l!y~ 
:,; -'\' JvF e ( 1 0 0) T$ffl:;fi.)K (~ 1 m;fi.)K) 1 7 :a-Mg O ( 1 0 0) :,;- FJi 1 5 J::v:~ 
7~ -e nit:& L , ;J,: 1, \ -e, ~ i% ~ ~ T ( 2 x 1 0 - 8 P a ) v: .t3 v • --c... 3 5 0 °C 1: 7 =- - Jv =a­
fi '? o !WJ, ~ J-if~jl~~ ~:.13 ~t ~ ~14,i ... 1JD~ffl:fEiJ'! 8 kV c:cb iJ ... fflt!t:ifilOCil" 0. 0 2 n 
m/tv ... mt~i~OC1J''.£l~ ( 2 9 3 K) , 1/ - ;z c L, --C ti11::$.m.~ilfi89*JlmtO)M g O (Mg c 
QcO)Jtil•l: 1) =a-ffiv• ... 1/-;zc£1Jfc0)00Jit:r4 0 cmc L ... 1-::-:;77''7ry:,,, }-"O) 
~~ociJ<r 1 X 1 0 - 8 P a ... 0 2 :frffi)'i' 1 X 1 0 - 6 P a 1:cb ~ o !WJ, 11::¥.m.filfiEIJ.:hrJln\tO) 
MgO (MgtQtO)~#l: 1) O)~b~~ ... O~ffl:r-lfT~1/-;z:a-~ffiT~.:.ct 
1l:f§~C:&) ~ 0 

[0019] 
lm3 (A)!±, .:_O)~~O)Fe (100) rimffi:1~ (~l~t~) 1 70)RHEED-1,.){­

:l:r$T~-C:-a;~o lm3 (A) v:$-t"J:-)~: ... Fe (100) Tff~~ffi (~lffl:;fii)K) 1 7 
~i .&.ttf ~ *ts'11'1'1 c siztll'l1: :a-~ L --c v• ~ .::. c =a-$ L --c v• ~ o *"' -e, l§gl 2 ( C) ~:$-t" J: -) 
v:, 2 n m)¥0)M g O ( 1 0 0) 1-:: 1; 7~ 2 1 :r Fe ( 1 0 0) Tff~ffl:;ffil[ (~ 1 ffl:;fi.JK) 1 
7 J:. ~= ~ 7~ -C:' .:r.. l:::' 7 -=f-1/ -'\' )V mt ffi: T ~ 0 .::. 0) ~~ 'b ... M g O 0) m r ~ - A~~~ :a-ffi "., t.: 0 

l§gj3 (B) ti ... .::_O)~O)MgO (100) J'\ 1)7Ji2 10)RHEED.,f ,.){-:l:r$Tlm-C:' 
cb~o lm3 (B) ~:~-t-J:-) ~: ... MgO (100) 1-:: 1J7Fl2 l t.&.~f~*aa,'11:cf:!:8•!1: 
:a,~L,--Cv•~.::. c :a-JFL--Cv•~o 

[0020] 
~ 2 ( D ) ~= IF T J: '? ~=... M g O ( 1 0 0 ) J-:: 1) 7 Ji 2 1 J:: ~=... '.£ 1~ -C:' ~ 2 1 0 n m 0) 

F e ( 1 0 0) J:.{f~~;fi,)K (~ 2 m;fi,)K) 2 3 :a-Jfimt L t.:o ~me L--C... 1 0 n ID~ 2 0) C o Ji 
2 5 :a-F e ( 1 O o) J::ff~ffl:ifi.y (~ 2 ~;fi,)K) 2 3 J:: ~::l:tll L, t.: o C o ~ 2 5 ii... J:: ff~ffl:;fi.2 
2 3 O){jJ~:b :a-~¥>~.:. Cr: J:-? --c Blf1T:fi!1trlicii: :a:-~~T ~ t::.¥>0) 'b 0)--C:'&) ~ 0 *v~-c: 
... J::ic.O){'J::P.¼~';;¥4 =a-1~L4.IB1JDI L, --CF e ( 1 0 0) /Mg O ( 1 0 0) / F e ( 1 0 0) M 
T J ~-=f-:a-%P.¼T ~ o 
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~ii 2 0 0 4 - 3 1 3 3 5 0 5/ 

[0021] 
...t~cEBv:J:~Mg0~1gti ... 1 o- 9 Tor rO)ffl~JEf:;Jxi~-Z:mtflit-1-r?t-:o c:_O) 

:15"~-eii ... ftl .z i:f':ff7 ;<.£tffe:...t~= 3 0 0 n mO)P..Jt~:{r-{T? t.:~,&-1: t ... ~~Jm~"<:cb It) ... 
.&!if~ ~M@~'h{%fflt '2 ;}'L "( v• ~ .:: C iJ{ibiJ" ~ 0 ~ 4 li... M g O mt-Eta{n: .:j3 ~t ~ lm£111JKM 
aSS.A~7rN0)8MM*i'$T~1:cb~o~4~~TJ:"?~ ... Q0);<.~7}-NPlc 
0 2 0) A~ 7 r )v p 2 C v:: ~T ~ :frJ±iJ{~v•.:: C iJ{ibiJ-:. ~ 0 ~ 5 ,i ... Mg O ~Jg i:p O)ijj* 
:frfEO)~t1HJ~OC1:&1-f :;r-~T~1:cb ~ o ~ 5 v:$T J: -J ~= ... Wl*:53'-EE El 1$:iJriJ-:.~ It) ~v•.:: 
c ... tt.ff~.occcti:~*:frEEt~<~~.::c ... ~c"tt ... MgOO)tt.ffatv:.:i3~t~MgO 
~M@1J"i:JO)~*O)tlIURi'$P~T~t0)1:cbl'J ... MgOx (0. 9<x<l) O)J:-Jv:~ 
*?ZtffiliJr!t_ t tv• ~ 1:iJtm·t:tiJrcb ~ o ~l*XtffiliJr!:E. t ~ c Mg O r ✓ ;t ... Jv~fmO)~ '2 iJr{g; < 
~ ~ c ~ x. G ;}1, ( ftl .z tf ... 0. 10~0. 85 e V... J: VJ fF*llH:. iio. 2-0. 5 e V O)fj!glffil7'J) ... .:: ;r'L 

v:. J: l'J ... r ✓ ;t ... ;vm11"1EiJr±~1J□T ~ t 0) c~ .z G n~ o nlu, -~a9~ A 1 - o r ✓ ;t ... Jv~m 
O)~,&-... F e ( 1 0 0) c 0) Fa10) r ✓ ;t ... Jv~.fmO)~? ti... 0. 7 - 2. 5 e V c ~ .z G :l'L 

~ o .:: ;}1,i,:){t L, "C ... Mg O ffi idilJ!.1889 ~ r ::,., ;t ... Jv~mO)~ '2 Lt 3 . 6 e V --c-cb l'J ... ~.~ 
frnt c L, -C ti O . 9 - 3 . 7 e V O)frn[iJr1t G ;r'L -C v• ~ o *~ifffi 0)%Jt.~ v:: J: ~ nit t- ffl v• ~ c 
... O . 3 e V ;f£ & 0) r ::,., ;t ... Jv ~.f m 0) ~ ? iJrtt 5E ? n, r ✓ ;r-.. Jv ~.f m 0) 'f!f ti tfG 1~ iJ{llJ H~ -c:-cb 
~ .:: c iJ1" v iJ" ~ o {§. L, , -t" 0) 1m 0) ~ 12s1 , 17U .z tr~ i?1i 0) :i e: - v ::,., r ~ r ::,., ;t ... Jv 0) ~• t ~ 
~ L, -c v• ~ 1:iJH~'l~iJrcltJ ~ a n1u ... Wl~?Ztffil v::£0 < Mg Ox 0) x O)fit[ c L, -c ii... o. 9 8 < 
x < 1 ... J: l'J n-i L, < ti o. g 9 < x < 1 l.1£.oc1:0 It) ... M g1iif*O) J: "? ~ t O),i-a""t nf 
... Mg O O)!ft'l~iJr£*B9 v:: i±*l~? ;r'L~ irilffi-Z: cb ~ a 

[0022] 
~6,i ... J::l3t.0):1Jf:tv::J: l'J~:@L,f.:F e (1 0 0) /MgO (100) /Fe (1 0 0 

) MT J ~-=f-O)~~B9~MHKJit!GH!Iif?'Jt:{r-$T~1:0~0 yJ!IJ5E7.fifi..OC2 0 Kv::.:i3v•-CMRJ:t 1 
4 6 % 1: 0 l'J ... yjlj 5E7.fifi..OC 2 9 3 Ki,:: .:B v• "CM R J:t ,i 8 8 % -Z: 0? t.: a .:: O)fit[ ,i... :m::(£ i 1: 
v:.§[1.fifi.v:..:Bv•-C1fGht.:trtti1£5v•MRJ:t--c-~~a ,:_O)J:-) ~~v•MRJ:t,± ... Fe ( 1 0 0 
) m;ti,JKO) • .A l:' ::,.,:fr1fil$v= J:? -cm~T ~.:: c t±-e ~ f ... tr L, ;s ... :i e: - v ✓ r ~.Al:' ✓ i!wi 
111:JK r ✓ ;t ... 1J::,., fi-=~~T ~ c~ .:t G ;11,~ o 1 6 o O)MT J *.::;-:;r-~f~ L,t-=*N* ... MRJ:t c 
r ✓ ;f-.. JV}.1£t!G1rri c i,:. ~ T ~ ti' G --::::> ~ ,i... 2 0 % £.l F91: ~ ? t.: a MT J 0) ffe{« i It) t ~.~~§[ 

gt~i-Z: 9 0 %£.lJ:: -z: ~? t.:o .:: 0) J: '7 ~~v•fit[t:t ... * 7 7°D - 7 0)~Jt'l~ :{r-$P~ L, -c v• ~ 
a MT J 0)1!£tJt-x 1) Y;fi (RA) ,i ... ft knµ m 2 1:0 VJ ... .:: O)fIT[,i ... MR AM i,::iij L, 
t.: flt[ 1: cb ~ 0 

[0023] 
~ 7 ( a) Ii, §[1.fifi. b::.:B ~t ~MR J:t O)J'\ -1 7 ;<. ffi:1±1:&1-f't:i :{r-$T ~1: ~ ~ o ~ 7 ( a) 

~=$TJ: '? b::, MRJ:f::O);'\,{ 7 ;<.mEE.1:&1¥'1~,iiJ-:.~ !Jf~v•.:: ciJrviP~a §Jp:ifl~~!ft't:it­
$TiJ1", MR J:tiJ1"¥-i~T ~ mEE V h a 1 £ ti 1 2 5 0 m V c v• '7 §Jp~ b: ~ v•ffliJr1l G n -c 
v•~o nlu-.. vE*O)A l-O*~:.:B~t~MRJ:t0)¥-WX:T~m1±V11 a 1 £ 1±3 0 0~6 0 0 
mV-ecb~o ~7 (b) ~: ... MTJO)llitJmEEVo u t ~i (=1'\,{7;<.mJ±x (Rap­
R p) / R a p) t-~T O llitJmEE VO u t 0)-jl:kflt[,±Jl[ll\ ,{ 7 A ~=.:B v• -c 3 8 0 m V 0) 
1it[iJr1t G ~'L -C v• ~ a .:: O)fIT[,i, A 1 - 0 ;'{ 1) 7 O)~,&-O)fit[ ( 2 0 0 m V) O)if.:J 21-tfO)fit[--C' 
~ ~ O .:: 0) J: 'J ~= ... MR J:t C lli:bmEE C O)fitij:15"1:~v•ffliJ{:fl G nt.:.:. C ti ... *~ifffi0)%Jt.~ 
b:: J: ~ 1i1irr 0) ~ 3tjJ •t:i t- 7-r-L, "C v • ~ o 

[0024] 
n1u... J:: ir.~;fjffi 0)%1~ b:. .:B v• -C ti... B C C 0) F e ( 1 0 0 ) t- ffl v• t.: t,r, 1t ;b !'.) b:. B C C 

0) F e *.,g-~ ... ftl .z tf, F e - C o --&-~... F e - N i --&-~... F e - P t ,&-~ t- ffl v• ~ .:: c 
t 1: ~~a wZv•ti Fe ( 1 0 0) Ji c Mg O ( 1 0 0) Ji c O)fa1 b::,. 1 JJJ{-=f-JiXii~.W:-=f­
Ji5f1£.0CO)~ '2 0) C o ... N i ~ c~i-f.pA L, -ct .61:.v•o 

[0025] 
*b:: ... is:36"~ O)~ 2 O)~nffiO)~Jt.~ r: J: ~ IHnJim*-=f- N. If -t" O)~~n~ b::--::::> v• tm~ t-

1-r "? a 2fs:~1Jffi0)%i~ b:: J: ~ F e ( 1 0 0) /Mg O ( 1 0 0) F e ( 1 0 0) TM R * 
-=f-0)~:@n~-r:-i± ... if A.l" o/ '>' 1J ✓ 7~~~ c~b:. J: l'J Mg O ( 1 0 0) i-?P-Ma'1i it.:,± 7 
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~mi 2 o o 4 - 3 1 3 s s o 6/ 

t )'f.,, 7 7 .7-~xi~ -C:!{U.t L... -t-OJ 1& ~= 7 .::. - J'f.,, 17lb:fl[ ~ fr '7 2::. t ~= J:: I'.) ( 1 0 0 ) ffi fill ffil ;atWc 
rm L t.::~ffi~ it.:: tl:¥*!~1tT G ,¢,{ ~~~ t T GO A.I\ o/ ;, 1) ✓ '.7-~i4t± ... 1JJJ;U;fo 7.fifi.OC 
;at~ ilffi. ( 2 9 3 K) --C' 2b I'.) ... -7 - /f 'Y } t L --C tl: 2 1 ✓ -=J-¢ OJ M g O ~ J:1:J v •... A r ¾IHI~ 
i:j:t--c-;z_.1,o/?'1J ✓ '.7-~fr-::>t.::o :JJO:iill~::J:Hi2 0 0W--e:cbl? ... mt:R:iillJJUi0. 0 0 8 nm/ 
s"1:2fiJGo 2::.0J~#--e:mffiL~MgOti7~N77.7-~~-C:2fiJG~~ ... ~B~G300t 
i '1:7.fifi.& ~ _t* 2---1±-... 3 0 0 °C ~= :J3 v• --c-~~ r.IH*~ ~ T G 2::. t ~= J:: l? ... ta filf 1t 2-;}1, t.:: M 
g O ~1fG 2::. t ;attl:BitG o 

[0026] 
JiiJ ... O xtJOJ~.AJJ~ t L --c ti ... mt:R~ ~= 0 x:J=J;at~ t G ~14-C:mt:R T1T '7 JJ~ ... 0 x 

tl T :f&iP G ~AT G ntt... 0 Xtl OJ 2b G ~xril 7J• G 'WU x. li'fflt~ 7" 7 X? 1llb~JUi § ~~1t ~ 
t" ,: J:: VJ ffi§t1t T 1T-::> --c 2b G fist OJ O X~ia i -c:~~T G jf~O) v•f ;f'L T ffl \t• --c 1b J~Y\o 

[0027] 
J;lJ:., :zjs:~iffi OJ*!t~ ~= J:: G -,ifi:'A:r.!£mJk=f-tt{;J:H.: J:: fU:f, .7-r, 'Y -7 1) ✓ 7-j;t; ~ J:1:J v• --C 7 ~ 

)1.,,7 7 AM g O T:l:i:ffiLt.:::f&v: 7.::.-Jv:9&:fl[i: J:: l? ti!ffilt1t--t Gt.::~ ... -t-;11-ii t"*;at-jp l? ~ 
*rn:;a{£,~ ~ v• t v• -=j lIJ,¢.C;atcb Go 

[0028] * ~= ... :zjs: 96" a,J:j OJ ~:ff{[ OJ% i~ OJ ¥£%,WH: J:: G 1lil'At.!£m *T ~= -::::i v, --c 00 ffil T ~ p~ L -::::i -::::i m a,J:] 
~1T'?o 001 1 fi ... *%a,J:]OJ~:ffffiOJ%:i~OJ~%17Ui.:J::GMT J O)*-=f-~m~JF"t-00--e:cb l? 
... 001 (B) v:*.fr.iSTGffig-C:2fiJGo 001 lv:~--tJ::-3v:, 7-Js:~:ffffiOJ%:i~v:J::G~:'At.!£m* 
rti ... _t~c.~:ffi110J%~v= J:: G11tt'A:t.!£m*-=r t rwl~v= .. 1ii*afil!M go x c 1 o o) 2b G v•t± 

( 1 0 0) *i!ra'11ffil;at-fif1ti1Jicfi:i] Lt.::~*X1Jl~ffifil!M g Ox ( 0 < x < 1) F.i 5 0 3 v::ML 
--C~~tGt1-G~ifi,Jit L--C ... 7~Jv7 7 .7-~YHilHi,f?;-~ ... 17!Jx.,t'C o Fe BF.i 5 0 1 ... 5 0 5 
~J:l:Jv•t.::,¢.ei:ttf~;atcbGo 7~;1,,7 7 .7-~ilHi.tt'ti,f?;-~tL. iux.,;f'~~i:tmtv•ii.7-l'\o/;, 1) ✓ 
'.7-1:t; Tm \t• t3fimtPJt~--c 2b GO 1f G nt.::ttftt~tl:~ 1 O)~;h"{[OJ%i~O)J~,@-t iii~IWJ~t'cb 
Go 

[0029] 
n1u, 7 ~ ;i, 7 7 .7-t.tt·ti,f?;-~ ~:-::::iv• -C tl: ... 'WU ;z_ ,;f ... FeCoB ... FeCoBSi ... FeCoBP ... FeZr ... CoZr 

~ t" ~ ffl v• G 2::. t 1b -c: ~Go 
[0030] 

.);l_t, *~Mli OJ%!t~ i: J:: G ~1K:t.!£m*~ i:-::) \t• -c ~1¥.I Lt.:: ;at, i:%1¥.J ti 2::. n G ~= tIJ ~~ '2 
:t1-G 1b OJ -c: ti~ v•o -t-OJ1&, ;rj:,q O)~Jf, GfcBL, *Ji]j_,f?;-~?--1±-;a{PJg~ ~ 2::. c: t:;t :~£f~:1r ~= § 1¥.J 
-C' 2b 0 .:, o 'WU x. {i', M g O F.i i: Wf*X~ia ~ ~A --t G 1t :b l? ~=, 'WU x. ii' C a -? S r T r - l:::° 
✓ 7"-j- G 2::. t -c: r-✓ ;f-.. Jv~f~OJ~ '2 :a:-~~T G jj"~ ~ ffl v• --C 1b Bl v•o it.::, Mg O F.i OJm 
linf:t; t L -C, ffi:-=f-e:' - A ~~~JZJ:;l: .7-,1-<;-;, -7 1) ✓ :~r~ T'Wtl i: L --C~l¥.J L t.::;at, -t-OJ1filOJ 
j;i:ffi~1bJ!!fflPJg~-C:2fiJG 2::. t ii§ '7 i--e:t ~v•o it.::, ~~5§'.t OJfflifr~i, 'WUx.,t'~*T 
~AL~v•~,f?;-~:;13v•-C, ;f]!)Ud.1 o- 6 P a.l;lrOJ{f:a:-t§'L, -jj", ~~:a:-1i1~$9~:~).. 
--t G ~,f?;--c: ~, 1 0 - 4 P a 1¥.0C OJ{f ~ t§'T o 

[ ~ ~_t 0) lU J:l:J PJ t!g'l~l 
[ 0 0 3 1 ] 

MR AMOJlli1JmfEfrt!;a{f,t*O)fff.J 21:g:i: fi:i)_t L, =¥'-Jl e:'-;, r t&OJm~•fl{M R AM~=Jl! 
L t.::mm: t ~-::> --C v• Go 
c oo ffil 0) fiJJ .1ii ~ m 1¥.I 1 

[0032] 
[001] *951¥.JO)~ 1 OJ~ffffiOJ%i~~: J:: GMT J *Tffim (ffig 1 (B) ) t, ~iillHi 

1*~~ -C: 2b G F e ( 1 0 0 ) OJ J.. ;f-.. Jv =¥' - ,,., ✓ rm~ T JFT ffig -c: 2b ltJ , ilt~s§'. rai OJ [ 
100] nfi:iJ~:n--tGE-EFOJ~~~~Tffig (001 (A)) '1:tf.>Go 
[002] 002 (A) iPG002 (D) i--e:t:;l:, *95a,J:]OJ~tffiOJ%~i:J::GF e (1 0 0 

) /Mg O ( 1 0 0) /Fe ( 1 0 0) mm~ifTG1lil~t.!£m*r (tlr, fF e ( 
1 0 0) /MgO (1 0 0) /Fe (1 0 0) MT J J t5fB-TGo) OJ~m:I1¥.~ti 

~89 ~=~-t-00-c'cb Go 
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~-2004-313350 7/E 

[~ 3] ~ 3 (A) tt, Fe ( 1 0 0) T:g~ffi:;fi,.:E (m 1 ffl:;fi,.:E) O)R HEE D-1 ;J. -:J 
~7FT~1:01? .. ~3 (B) tt ... .::.O)~~O)MgO (1 0 O) 1, 1)71\iO)RHEED-1 
;1. - :J ~7F--t~1:0 ,Q o 

[~4]MgO~~~~;J3~,Q~tffiMassA~~~N0)8~M*~7FT~~0,Q 
0 

[~5]Mg0~¥~0)~*~J±O)-~ffi~&~~~7FT~~0,Qo 
[~ 6] F e ( 1 0 0) /Mg O ( 1 0 0) F e ( 1 0 0) MT J *.'.f-O)~fflB9~ 

i!i)n.}lU.Jt BB i9l ~ 7F --t ~ -e 0 ,Q o 
[~ 7] ~ 7 (A) tt, ~i.ll'H::;13 ~t ,QM RJ:t.O);,-,f 7 7- ffl:J.±1:&~'[1: ~7FT~~0 ,Q o 
~ 7 (B) ti, MT J O)tt'i7Jffi:l±Vo u t ii (=;'{-,f 7 Affl:J±X (Rap -R p) / 
Rap) ~7FT~~0,Qo 
[~8] TMR*.'.f-O)m*t, ~O)~ff™~~7FT~~0,Qo 
[~ 9] MR AMO)£*mm-Wtl~7FT~~0 I'.)--. ~ 9 (A) i±MR AMO)#.'HJ!~~0 

iJ--. ~ 9 (B) ,±t~:i:te9~@1lffl-:ffimt~~0 l'.J--. ~ 9 (C) ti--. tf*-Wtl~7FTWlrffi~~ 
0~o 

[~10] 7~N77AAl-O~~Y*N•MtL~~*fflTMR*.'.f-O)m)n,~m 
O)f=P7J□ ffi:EE &: J: ,Q ~1~ ~7FT~~ 0 ,Q o 

[~11]*~1¥J0)~-0)%00)~%~~J:,QMTJO)*.'.f-•m~7FT~~0iJ--. ~ 
1 ( B) ~=Mrit--t ~ ~1: 0 ~ o 

[ff~O)mtl¥J] 
[0033] 

l···mlO)Fe (100) Ai-. 3···~*!~Mg0x (liJ 0) 0,Qv'.\,± (100) Ma"Tu 
ffiiJ~-aE:%Wc.lPJ Lt-=~*!iHiM g Ox Ai ( 0 < x < 1) ... 5 ···m 2 0) Fe ( 1 0 0) Ai--. 1 1 
... ~MJ:f§IM go x C 1 o o) 0,Q v'.\a ( 1 o o) MiHiffiiJ~ffi:mWc.lPJ Lt-::~MiHiM go x :£ 
;j:,&: ( O < x < 1 ) --. 1 5 • • • M g O ( 1 O O ) 1/ - P-Ai-. 1 7 • • • .:i:. l: -7 q=-1/ -v Jv F e ( 1 O 
o) r*~ffl:ifii.:E cm1ffl:;tii.:E)--. _2 1-··Mgo1" 1JYAi c1 o o) ... 2 3··•.:Ll:,Yq:-1/-vJvF 
e ( 1 0 0) J::g~ffl:t~ cm 2 ffl:t~) , 5 0 3 ···~*aiHiM g Ox ( 0 0 1) 0 ,Q v'.\ ,i ( 0 0 
1) *!a"Tu ffiiJ~-aE:%Wi:.fuJ L t-::~Ma"TuM g Ox ~ ( 0 < x < 1) ... 5 0 1 ••• 7 ~ JI,, 7 7 A smm 

,11:121q:: J: ~ ri~ffl:t~ cm 1 ffl:;fi,.:E) .. 5 o 3 •··Mg o l'\ 1J 7 Ai.. 5 o 5 •·· Y ~ J],, 7 7 A sm:P-!i 
't~ 1;;1q = J: ,Q J: i~ ffl: t~ c m 2 m ;tii.:E) o 
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[l!=~Jl16l ~w 
[~ 1 l 

(A) 

(B) 

!WtD 2 o o 4 - 3 1 3 3 5 o 1/ 

> 
(l) 

..__,. 
l.J.JLL 

I 
lJ.J 

1.5 .-----=--------------.,....------, 
•♦• i 

1.0 

0.5 

~··~~ ,1, / ! 
•••• 1 : .: .: \ . : 

·.\ / / 
.. .. . . . . . . . . .. . 
~ .- : . . . 
~~ _..... : 
~ : 
• II : 

\ / / 
~ : . . . . . .. . . .. : 
X l . . . . . . . . . . . . . . . . . . . . 

Fe 

0.0 ----.~--:---------... ~ . 
.• ! .. • .. • ... . ,.. ..~ 

•••••••····•••• : . 
-0.5 .____ ____ <---:: _____ __.._ _ ____, 

5 

3 

1 

r H 
[100] :;fj'(i:i] 

Fe(100) 

MgO(100) 

Fe(100) 
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(A) 

(8) 

(C) 

(D) 

tttti 2 0 0 4 - 3 1 3 3 5 0 

i::========================i-i----....--15 Mg0(100) 
~-i-:~ 

- - 11 

7=-Jv(350°C) 

--r----------17 Fe(100)""F$ffl1~ 

t:======================~i-----..._ _____ 1 5 (50nm) 

c:======================~i---......---21 Mg0(100)/ '\ 1
)7~ 

-- 17 (2nm) 

--15 

-- -11 

i::========================i-i----....--25 Co!fi(l 0nm) 
-- 23 Fe(100)..t$fftffi 

t:.======================~.........___ ___ 21 (10nm) 
-- -17 

15 

-r-----11 

2/ 
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(~ 3 l 

(a) 

(b) 

tttm.I 2 0 0 4 - 3 1 3 3 5 0 
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,--... 

~ 
«I ......., 

0.. 

1±:J 
(R 

~NJi 2 o o 4 - 3 1 3 3 5 o 

4.0x 1 o-s ,............-..----r---r----r--,r----.-----.----r----r-..---r---r----.--.-. 
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6.::: t ,J:-!f'tm:t -r 6 it>JtJJi 1 1 ~=iaa0)1it~1~m•TO)•:iili:nr:to 
Uw>JtrJi 1 3 l 
§trE7-=E-N77AMgO,J:-%mt-t-6I@i:p~ ... MgOxO)x~,J:--•-t-6If;¥,J:--e;-tr.::: 

t,J:-~ffi:t-t-6•5.KJJill~~-O)ffi~mm*TO)•mn~o 

llifilEttf 2 0 0 5 - 3 0 1 2 9 3 9 
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tr!J:JoJi 2 0 0 4 - 0 7 1 1 8 6 

[ •ffi ~ ] ijl~Ji%1B ~ 
[%~0~~1m~mm*-=f&lj~0~m1f~ 
[ tt111'.f:frff] 

[0001] 

1/ 

*%~ ,± .. li.tt~t~m*r & cf-=t 0~m1f$ v: lffl L .. 4t v:, iWiv•1i.tt~1iH1L :a:-if--t ~ 11"1!~11£ 
m*-=f & rf-=t 0~m1f~ v: lffl -t" ~ o 

[~~tt;pf,r] 
[0002] 

MR.AM (Magneto resistive Random Access Memory) ,±, :ffl.1:E.11: < ffi v• G tL --C v• ~ ir.'li'.* 
-=f-C: &JG DR A l'vH:{tb ~ ::k$.m.lPJ it\3r.'l~*r-c:: &J 1'J, iP"'::J, iWiJ1t~ ;;fq.l9e't:1_){ -=c 1J t L 
--C It < ,liJf ~ ml 9eil~fr b ;f1, --C .t:3 I') .. 'WIJ x. tf.. 4Mb i t 0 MRAMil~ -1r :,,, 7° Jv 1:11 W 2 ;f1-t::.. t v '.\ '? ~ i'ffl 
il~&J ~ 0 

[0003] 
1:§ 8 ti, MR A M0,G,Hi'fl?r~1: &J ~TM R *-=f-(7){.m t .. -=t (7)f}J1-t)](J£ :a:-JFTl:§-C::&J Ga 

1:§ 8 (A) v: JFT J: '? v:, TM R *-=f v: .t:3 v'.\ --C tt.. ffi1t~m ii" G ~ ~ 1--:,,, i, Jv ~!~ (7) pljj 1J!U :a:-
5!iHi:t'l1:~~ ii" G ~ G m 1 & cf m 2 0 2 "'::J (7) l!U~H: J: l'.) * Iv t:: 1--:,,, i, Jv rim '5: if L --CV!> ~ a 

}-:,,,_:r,Jv~!~Jit L--c,±, 7-=E-Jv777-(7)A 1-0Jiil~ffiv•GtL--Cv'.\~ (11=:!f:ltt>Cmkl~ 
P.?.) o 1:§ s c A) v=~-r-J: 'J v=.. m 1 (7) 5i1i.ttttmifiiJU:: m 2 (7) 51tt1i.ttit1:mt~ t (7)li.tt1t(7) 1PJ ~ ii~ 
3¥1i~3ffrli.tt11::(7):!:~kv: ,±, 1--✓ i, Jvrlfjg(7)W,ffi (r:;}.3 ~t ~ $jf91jl1f[P] (,: lfflT G *-=f(7)ffl:~1Jf 
vtil~/J" 2 < ~ ~ o -1f ... 1:§ s CB) v:JF--t J: 'J v: .. m 1 (7)5it.tt-t1:m1filK t m 2 (7)5it.tt't1:mt~ 
t (7):fifift(7) fPJ ~ il'i'.'Sflr ~ N.3ffr1i.tt-ft(7)~k v: ,::t... 1--✓ i, Jvrlfm(7)w.11n: .t:3 ~t ~ r:t*91:n!PJ v: 
lffl--t ~ *-=r(7)m~1tvtil~::k ~ < ~ ~ o .:. (7)11£m1~J:t .. -~tBt ~;jxt~-c::,::t~1t--tt-r ... 11£:rJGm 
iJ'i'jWjv'.\il•15:v•il•i::.£--:::fv•--C'l'lf!l "I" .. "0" t L--cir.'li'.2;f1-~o 5¥1it.tt11::tN.5¥1-rm1t 
t i±/fr.l% i= ~r:1~ 2 ;t1-~ t::.. 66 ... ::-fr.l%'t1:_){ -=c 1J (7)~**-=r t L --cm"'.\~ .:. t il~--c-~ ~ o 

[0004] 
1:§ 9 i± .. MR AM(7)~*tlmf§tl :a:-~-t"l:§1:."eb l'.) .. 1:§ 9 (A) i±MR AM(7)iHJif§--c-eb l'J 

.. &19 (B) C±fi:itB9~@l~rlfffltf§1:."eblJ, 1:§9 (C) ,::t .. rlmf7tl'5:~-t"Wfffi[§--c·ebGo 
1:§ 9 (A) (.:,R-t J: 'J !,:, MRAM!r:.t:3v'.\--C,i17- PJ9iWL t e::;, r-*:1iB L til~~~T~ 
J: -'5 v: §i::rni 2 ;f L, x~ffB (r: MR AM~ Jvil~r!ic ffi: 2 ;f1---C v• ~ a 1:§ 9 ( B) (r: JFT J: 'J (r:.. lJ 
- }"*,,it e:' 'Y t-f~l t (7)~~:g:~(,:1/icrn': 2 nt::..M RAM~ }vi±, TM R *T t .. .:. (7) TM R * 
-=ft nl[~U=tl~:ft 2 ;ftt::..M O S FE T t '5:if L --c .t:3 l'.) .. J!1!w1Jf}JL t L --C~nl3T o TM R *.'.f-(7) 
:l'imffi ~ M O s F E T r: J: l'.) iJE Jj. Jf~ G ::. t i: J: V) ' ic. 'lj:f~ffl. :a:-in dj. lli T .:. t il'i'1:' ~ ~ 0 ~ 
.. 'l'fffl_O)ff ~ l~ x.. Ii, -Wtl ;t ,1,, TM R *-=f-"-(7)ffi~(7) E:PiJa v: J: VJ 1-r 'J .:. t i/1 -C: ~ ~ o 1:§ 9 

cc) t::5F-t J: ~ ~=, MR AM_){ -=c 1J ~ Jv f±.. Prus i £;!:K 1 o 1 F"1 v:%mt 2 :t1..t::.. 1/ - A 
'pj[~l 0 5 t Fv1 ✓'pI~l 0 3 t .. -=t-(7)r1,1i~:Wj5E2*1,~-f--y;r--Jv'pj[~~=ML--C%fflt2;f1, 
t::../f- }-~,fi,)l l 1 1 t 'a:~ToMO SF ET 1 0 0 t .. TMR*-=f 1 1 7 t 'a:"~L--Cv'.\~ 
0 1/-7-'pJ[:h•xl 0 5tt~:lm (GND) 2tL, rv-1/'tt, TMR*-=f-'5:1\'-L,--C°e:o/ r-iMlB 
L ~:iHb't2:t1---C1t•oa ry- rm,iWL,i-3/'-1--ffl:;ffilKI 1 1 ~:JC&L--C&IJFL~v'.\fil~v:.t:3vc•--C 
~*de ~ ;f'L --C \.,' ~ a 

[0005] 
W,_t ~: ~~ Lt.: J: 'J ~:, ::-ft.l9e'l:i_){ -=E-1) MR AM ,::t, 1 "'::J (7) MO S F E T 1 0 0 t TM 

R *T l 1 7 t i::. J: VJ 1 "'::J (7) _){ -=E-1) ~ )V :a:-% fflt T ~ .:. t il~-C: ~ ~ t::.. 66, iWi ~ffMI:: ~= ~ l,, t::.. 
_){ 't° 1) *T c_ V' "J .::. c_ il~1:' ~ ~ 0 

[0006] 
[~p~~f>Cffik 1] D. Wang, et al. :Science 294 (2001) 1488. 

[9eij!j(7)~~] 
[9e~iJ'i'jgl#c L J: -J t --t ~ ~ml 

[0007] 
m~x (7) tt1f.r '5: ffi v • ~ .:. t ~= J: lJ 6 4 M b i t li & (7) M R A M 'a:" ~m T ~ Jl!31!1 L tLV:. --::i t 

v• o i11 , ~ :t1-W,_t (7)jWj~ffrft(7) t::.. 66 ~= tt.. MR AM (7),G,Jl.ii~1: eb ~ TM R *-=f(7)~'t1: '5: IPJ 

lliiiEtr!J: 2 0 0 5 - 3 0 1 2 9 3 9 
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ttf Jnj 2 0 0 4 - 0 7 1 1 8 6 2/ 

.l2-1i"~~~#~~o~R--~--=fO)lli:1J•R~~.l2-1i"~Rti,m~mmO)~*tgR 
ttt·[1:.0)cjJ!¥0)fiIIT:1J7)1'~,~--c-~ ~ 0 ~ l 0 ti, 7 't }v 7 7 A A 1 - 0 ~ }-✓ i\ )v~f~ t Lt.: 
fJE*ruTMR.-=f0)1ifi~tlmO)!=P:JJa•R~=J:: ~~1t~:-FT~--c'~~ (L 1) 0 ~ 1 0 ~=~ 
T J:: "? ~=, 1-it*ru TM R •-=r=-~= ±3 \t• --c tt, 1it1K.1l\:miJ'f/J-.. 2 < , ttt ~=.ft~ l=P:JJDT ~ .:: t ~= 
J:: ltJ 1itt~1l\:miJ'i'~ifU::/J-.. 2 < ~ ~ frj~ib'i'<i1-1:d1..~ o .:: 0) J:: "? ~ttl'l1:.'1:.'·t±, tb1t-z - :! :,, ~ 

~~ Lt.: lli :1J •RiJ'i'/J" 2 T ~ ~ t.: co, ~~O)ic.·l'.i•-=f ~::ffl v• ~ 0) iJ'i'jft L v• o J:: ltJ J!1*B9 ~= 
ti, ~;JkO) TM R *-=f0)1i.R~ttm,iilB70% t 1& < , it.: llitJ•R 1b 200 m V bl T t 1ti::v• t.: 
co, DRAM 0) llitJ•R ~=J:t.,.z--c~WB9 v:=-¥:5t-e ~ VJ , ~1loc ~ __tif ~ ~=ftEv•1~%if ./ -1 
;( ~= ffl 1b t1., --c i3c <i1-lli -ii" ~ < ~ -:::i --c L i "? t v, "? F1=1~ ~ 7)1' ~ -:::i t.: o 

[0008] 
*%1¥.J tl:, TM R •-=rt=i3 ~t ~ mn•R ~* ~ < T ~.:: t ~ § El9 t T ~ 0 '2 G ~=--* ~ 

~m1K.1l\:m~= J:: VJ' :tcJEv=tb1tT ~ ic.'l~~ti:~~1;!tT ~.:: t ~ § 139 t T ~ 0 

mt~~ 1¥Vi3c T ~ t.: co 0)-=f.~ l 
[0009] 

*%1¥.J 0)-l!'l,i~U= J:: j1.,tf, r- :,, ,:r, )v ~f~)I t, i¾ l--:,, ;r, )v~f~~ 0). l ffi-fflH::%.mt 2 *1., 

t.: BC Ctlm ~7ffe:JT ~ * 1 O)Si1iii'l1:.1*Ji t, ~ic. r :,, ;z, Jv~f~)IO). 2 ffi-fflH::%.mt 2 nt.: 
BCC•m~7ffe:JT~-20)~mtt$Jit, ~7ffef--t~m~t- ✓ *N•~-m--c'~-:::i--C ... ~~ 
}- :,, ;r,Jv~f~}iiib'i', llili!i"AM g Ox ( 1 0 0) ~~ v•ti ( 1 0 0) *1ia~ffi7)1''(J!:$t;Wc~ Lt.: 

~ffiAM g Ox ( x < 1 ) Ji~= J:: VJ %.mt 2 n --Cv• ~ .:. t ~~ffi: t T ~m1K.1l\:}Jt.-=fiJ'i':m:,m 
2 *1.,~ 0 

[0010] 
it.:, Mg O ( 1 0 0) iP G ~ ~ l--:,, ,:r, )v~f~Ji t, i¾ 1--:,, .::f, Jv~fMJi 0). 1 ffiffiU ~=% 

mt '2 nt.: F e ( 1 0 0) iP G ~ ~ * 1 O)Si1it't1:$JI t, ifrf13c. r :,, ,:r, Jv~fMJI O)* 2 ffi-fflU ~= 
%.mt 2 *1.,f.: F e ( 1 0 0) ib" G ~ ~ * 2 0) 5i1ifi'l1:.1*Ji t, ~ ~T ~ 1itt%. r :,, ,:r, Jvm~iwm 
--C-~ -:::i --C, iwiaM g O Ji jj'i', lli*ti AM g O x ( 1 0 0 ) i:fiJ ~ v• l± ( 1 0 0 ) Mi A ffi 7)1''(J!:$t; 
Wcrtu L t-=~*ti AM g ox c x < 1 ) Ji~= J:: VJ %.mt '2 n --c v• ~ .:: t ~ ctlffi: t -t-~ 11tt%.1im• 
-=f1)1'}~1;!t 2 n ~ o mic.M g O ( 1 0 0 ) Ji O)f~~mr}t'w t ~ic. F e ( 1 0 0 ) JI 0) 7 .:c. Jv 
~i*N~-0)000)~~Mffi(J--:,,*N•M-'2) ~lliffiA~i3~~ffiJ::ltJ1b~<L~.:: 
t ~!f:llttT~o .lic.•mt~fflv•~ t, m1n.tltfh1)'i'~*LTMR*-=fO)lli:1J•R~*~ < 
T ~ .:: t ib~--r: ~ t.: o l --::> 0) 1--7 :,, :! ;J... (5' O)~ Wt L --C .l ir.1ifi%.1l\:m*-=f ~ ffl v• ~ t , ~Hfi 
%"ft0)~---=f~%@tT~.:_cffe--C~~o 

[ 0 0 1 1] 
*%1¥.JO){fBO)iJL¢.e~:: J:: *1.,';f, £:tN:~$-frmT ~If.¥ t ... ~£if:N:.lv::* 1 0) Fe ( 1 0 0) 

Ji ~ tfUlT ~ If.¥ t, ~ic.* 1 0) F e ( 1 0 0 ) Ji .l ~= •-=r=-~-- A *.;mrt v:: J:: ltJ lliffi a~ M 
gOx (1 0 0) ~~v•ti (1 0 0) MiAffiiJ'i"1J!:$tWcfti1Lt.:~*tiAMgOx (x< 1) iP 
G ~ ~ r :,, ;r, JvPf~ll ~-~~r f:±3 \t• --Cj:lfftT ~ If.¥ t, ~ l--:,, 3(-., Jv~fMJi.l ~=- 2 0) 
Fe (l00)Jl~%mt-t-~Ifit~7ffefT~.::t~~-t--t~m1n.am•-=fO)R~:15~# 
~1;!t2 n~ o 

[0012] 
it.:, lli*!AMgOx (1 0 0) ~~v•~± (1 0 0) *!AffiiJt11i%Wr.ftiJLt.:~ffiAMg 

Ox (x<l) ib'-G~~£;f:N:~$1imT~*lI;§Et ... ~£~.l~::-lO)Fe (100) Ji 
~j:lflL ... *v•"t.'·, ffiA1tO)f.:co0)7_::::.-;i,,~fr-:1*2Ifit ... ~ic.*lO)Fe (1 0 0 
) Ji.l~::--=fe:-A~~rt~::J:: ltJlli~~AMgOx (100) i:fiJ~v•tl: (100) *tia~ffiiJ'i' 
tl%Wcftil L t.:~MraiM g Ox ( x < 1) iJ'-G ~ ~ l--:,, ;r, Jv~fMJi ~--~T ~=±3 \t'.\--Cj:lfl 
T ~ * 3 If.¥ t-. ~ 1--:,, ;z ... Jv~fMJi.l ~=-2 0) F e ( 1 0 0) JI ~%mtT ~ * 4 If.¥ t ~ 
~--t~.::t~~-t--t~m1K.am•-=fO)R~:1J~#-~2n~o~,1WEMlifit*2 
IficO)rsiv:: ... lliMiAMgOx (1 0 0) ~~v•tt (10 0) MrAffiiJt~%Wr.fti1Lt.:$-ffi 
AM g Ox ( x < 1) iJ'-G ~ ~ :,;- J.;>Ji ~ @t~T ~If.¥~~ L --C \t•--C 1b .& \t•o it.: ... ~ic 
7-=E-)v 7 7 ;J... Mg O Ji~ ... Mg Ox 0) x 'ffi1 ~~~1for,ij-O) (5' - 7' o/ l--~ ffl \t•--Cj:lfft L --C 1b .& 
V•o .:: O)~, iwic. 7-=E-)v 7 7 ..'AM g O ~%.mtT ~Ifii:p ~= ... Mg Ox 0) x ffi ~~~ L --C 'b 

t!HiE!tf 2 o o 5 - 3 o 1 2 9 3 9 
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.& v• o 

[9€'~ O)J.°jJ*] 
[0013] 

~mi 2 o o 4 - o 7 1 1 s 6 3/ 

* 9€'~ ~:: J:: ;f1, tf', ftE* 0) T M R *-=f ~:: J:t x:: -C * ~ ~ 1i.tt~Jg}Jt :a:-1~ ~ .::. c iJt--r: ~ , T M R 
*-=f-0) ilitJ mEE :a:-*~ < T ~ .::. c iJt--r: ~ ~ o ftE ".'.) -c., TM R *r =a-ffi v• t.: MR AMO)i@i~ 
111tiJ1'~~ ~= ~ ~ t v• "? fU,¢.{iJta, ~ o 

[ 9€' ~ :a:-~1Jf!i: i" ~ t.:-«> 0) -1& .& 0) * i~ l 
[0014] 

*~*IB• ~= :B v• -c ffi v• t.:ltff.E la~= i:Ht ~ 1Jll!~E9 ~~J c 0) mig.,;;t., ~JU;!it:Ytm-=f:B-:rr; 
O)~.~-/J"G1lr.l!OLJ.:fi--r:a,~ (~~Jtwix: W. Wulfhekel, et al.: Appl. Phys. Lett. 78 

(2001) 509.) o .::. 0) J:: "? ~;lxt~--r: ,±, @j*Xtl ~t%-=f-X~(aiJtti t Iv c~~v•Jll!l~E9 ~ itff.E 
Is M g O 0) r :,, ;z-.. )v µ_f Jg£ 0) __t m~.{ffi[ c B "? .::. c i)t--e ~ ~ t.: dJ ., Jll!~ 89 ~ w c v • -:S ffi ii :a:-ffi v • 
f.:o 

[0015] 
9€'~ O)~jff!i:0)%,l.~ ~::--:::> v• -cm~--t ~ ~ ~::., 96"1¥.JtfO)fr ".'.) t.:~~ ~=--:::> v• tml¥.l :a:-fr "? o M 

T J 0)1i.tt~1gm (MR) J:t,±., J2Lr0)5:\:"f:*2;f1-~o 
LlR/Rp= (Rap-Rp) Rp 

.::..::.--r: ... R p:&IfR a p ~± .. 2--:::>0)•1~0)11lHtiJEJZfrcBl-+{r0)~%0) r :,,;z,_Jv~%1g 
m--C: a,~ 0 J u 1 1 i r e 0)05:\: ~= J:: n e:r., {gl'\ ,1 7 A •EE~= ;}3 ~t ~MR J:t ,;;1:., J2L r 0) J:: 
'? ~=*2 n~ o 

MR.l:t= (Rap-Rp) /Rp=2P1 P2/ (l-P1 P2) --r:a,11 
.::..::.--r:, Pa= (Da t (EF) -Da t (EF)) / (Da t (EF) +Da t (EF 
) , a=l, 2 (1) C*"2;f"L~o 

[0016] 
.::_.::. -C-., Pa,±, g-=f-0).7- l: :,,:fr;fii)K$-C-a; 11., D a t (E F ) CD a t ( E F ) C ,±, 

-t :t1---P'n., ~l:fc7- e::,, 1-{:,, P-t 9,-'~.7- 1!:,, 1t:,, P' O) 7 .:r:. Jv ~ .:r.. .:z-.. Jv .:¥- ( E F ) ~= i:3 ~t ~ 
tk:i~!fil& ( D e n s i t y o f s t a t e : DO S) -ea;~ o ~!fHitt'I~~:¥$~~:& cf% 
~0).7-l:YO)i!ffi;j;,JK,±O. 5W-r--r:a,~t.:dJ, Ju 11 i r e0)05:t~::J::ntf'., ~1bi@iv•1l 
~MR.l:tcL-C70%#~~2n~o 

[ o o 1 7 l 
MT J *T :a:-7-=E Jv 7 7 .7-0) A 1 - 0 0) r :1/ i--Jvµfm c ~*slsg;fii)K c :a:-ffi v• t{tmti" ~ 

t ., ~ ilffi. --C' 0) M R J:t c L -C iit-1 7 0 % t v • "? fi iJt{~ i:J n -C v • ~ iJt... D R A M~ 0) lli jJ mEE -e 
a,~ 2 0 0 m V :a:-1~ ~ 0) ~±fl L < ... --1.Jlt:O) J:: "? ~::MR A M~:mO);~°tT ~ F1=1,~,¢.C c ~ ".'.) -c v• 
~o 

[0018] 
96"1¥.J:tf,± ... ~{t77''i-..~1o/AO)Jtff.Els (100) a;~v•,± (100) *s~ffii)t-~J1Gi'Jc~ 

Lt.: ~ffi Is M g O :a:-r Yi-- Jv ~f m c L -C ffi v• t.: MT J :a:-mt:& T ~ 7 7° D - -'f- :a:-~71--C v• ~ 
o ftE* 0) 7 -=c Jv 7 7 7- 0) 7 Jv ~ T ~.fm t ,± J¼. ~ iJ ... @j{t 7 7· ;z-.. ~ 7 A ,± ffi ai ()]'{-=f iJtj].,!::W 
frL<~~L~~-)--r:a,~~dJ ... -=f#ft~2nf ... •-=rO)~~-~ ✓ f'~-#rYi-­
Jvj®~O) i:3 v• -C15F=~ 2 ;f1,~.::. c iJ~~tP.[ "2 n~ o 121 1 ,±, 7-fs:~1Jm0)%8 (,:: J:: ~MT J *rffl: 
m: (1211 (B) ) c, ~i:til1'1~1:;;j_(~~--r:a,~ Fe ( 1 0 0) O).:r..;z-..Jv.:f'-1"':,, Fffl:m::a:-JF--t 
121-ea;l'J, rEE~~ric;,O) [1 o oJ :n~~=*ti"~E-EF O)~~:a:-JF-t-121 c1211 CA)) -e 
a,~ o ~ l ( B) (,:7Fi" J: '? (,::.., 7-fs:~Effi0)%i~ ~: J:: ~MT J *rffl:m:,± ... ~ 1 0) F e ( 1 
0 0 ) Ji 1 c .., ~ 2 (J) F e ( 1 0 0 ) Ji 5 c ... .::. n l:J 0) ric;, (,:: ~ 'i: n t.: •*s Is M g O x ( 1 
0 0) Jia,~v•,± (1 0 O) ff.EaiffiiJt~J1Gi'!c~Lt.:~*i!flsMgOx (x< 1) Ji3 t ... =a-
;ff L -Cffl;mt ~ n -C v• ~ o __t ~d J u I 1 i r e 0)-=E T Jv (,: J:: ~1,t£, {~~1itr0)-=E _;x :,, ->' A iJ1' 
t- :,, i---Jv 7°o ~ 7- q=q:i:3 v• -c1*~ "2 n~ t --t ~ t, Mg o :a:-~J®T ~ r :,, i, Jv•mr:i± r :,, 
.t--~--~~~~:n~ Cm%~1ii~M--t~~-:n~) 0)~-~7r~kz:a-.:ff--t~•r# 
3z]icatJ(,::~~o 1211 (A) (,::~--t[l O OJ (r-H) :1J~(,::;}3~t~F e(l).:r.._:z--.Jv.:f'-;t ✓ 

P-121 (,:: J:: n,1-... 7 .:r:. Jv ~ $ilL E F (,: i:3 ~t ~ ~i~!fil& CD o s) ,±., ~•7- e::,, t &J:fc;;z, e 
lli ~iE!tf 2 0 0 5 - 3 0 1 2 9 3 9 
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~JJJ! 2 0 0 4 - 0 7 1 1 8 6 4/ 

✓ 0) -:it 7''; '\ ✓ FiJ~ 7 .:L }v ~ $15.L E F ~= ;f3 v'-1 --c ~xi~ tr~ L --c 1,,'-1 ,Q t::. <I)... -t ;f1., tl c"~ v'-1fflj;fi.)K$ 
tr 7F °2' ~ 1,,'-1 O L 7:J'-1 L ~ i)t G, •-=r O) ::r ~ - V ✓ }, :lxi~ i}t }, ✓ ;r, }v~;j:li[ 0) .t31,,'-1 --c f*Z:¥ '2 ;f1., ~ 

-~~ti ... --~~~~-~~L--CJ-,-::$7N~M*~~~~~tr~T~ffi-g-=fO)h#. 
•'lll:l:.IDG~::::;}3 ~t ~ ;lxi~ c ~~ L ... Ji> ,Q-JEO) }, ✓ ;r, Jv:ffffi$ trff-:::>.::. c ~= ~ ~ o ~ 1 (A) ~= 
:;FT J:: '7 ~= ... ~~A 1::: ✓ 1:::,, l t J'\ ✓ F (~t;,~) iJ~7 .:L )V ~ $15.L E F ~=:!iti~ tr~T ~ iJ~ ... :P 
~A 1::: ✓ 1:::,, l !. J'\ ✓ F (1iJU-,l) ~i 7 .:L }v ~ $15.L E F ~=~xi~ tr~ L ~ v'-lo .::. 0) J:: '7 ~ F e 1:::,, 

1 t J" ✓ r 0) J \ - 7 ,){ ::9 Jv 89 ~ ~111 ~= J:: VJ ... ~~ ~ ~= ~ v '.\ M R .l:t iJ~ ::r ~ - v ✓ }, ~ ;t,. 1::: ✓ ffl 
;fi.~ J-, ✓ .:r, Jv ~=.t3 v• --cq~ G n~ 1iJtiltl~iJ~cb ~ a .:r:.1:::° ::$7 + 1/ -'V Jv (¥M~ Ji>~ v'-1 ~i ( 1 o o) 
f:§i:.~~M~) O)MT J ~i ... J-, /';t,Jv~f:¥i:pv::::.t3~t~•-=fO)tt'i5LiJ~:f'.qJTIJU'2n~t::.<IJ ... J::~i:'..O) 
J:: '? ~ ::r ~ - v ✓ 1--~ 1--/' ;r, Jv tr ~:mT ~ t::. <iJ ~= ,i:r-'.~891: Ji>~ c ~ ;t G n,Q o 

[0019] 
W, T... *951¥10) * l 0) ~mfi 0)%~ ~= J:: ~ ;m~:J=im~-=f l!I.. V--t 0) ~m:J5"11 v::-:::> v• --C ~ffi tr 

~P.~ L-:::>-::)ml¥! tr1T "? o ~ 2 (A) 7:J'-1 G 1%1 2 ( D) i <:ti ... *951¥1 O)~mfi 0)%fi'"'~ ~= J:: ~ F 
e ( 1 0 0) /Mg O ( 1 0 0 ) / F e ( 1 0 0) iwm tr ~T ~ m~:J=im~-=f (W, T... 1 
Fe (100) MgO (100) Fe (100) MT J J c*T~o) O)~m:Ifitr 
~~B1H::::7FTl%!-Z:'ib.Qo Fe ( 1 0 0) t±, BC Cifwmtr~T~~.1iHiit·l~{t-ecb~o ii'\ 
¥M~M g O ( 1 0 0) £1~ 1 1 tr$frm L ... MB E ft (7-1"-=ff.,'Jl.:r:. l:::° ::9 + :'/ -~) i:: J:: l? ... 
l:ii*!~M g O ( 1 0 0) £if~ 1 1 O)~ffijO)-=t 7 ::t D ::J- tri:X~T ,Q t::.<IJ ... Mg O ( 1 0 0 
) y - rlii 1 5 tr nit:&T ~ a ~rrb'c L --c... 1%1 I ( B) v::::5FT J:: -5 ~=... 5 O n m~ 0) .:r:. l:::° ::9 + 
1/-"fJvF e (1 0 0) T{mg;fi.~ (*lg;fi.~) I 7trMgO (100) 1/- r]ii 1 5_t~::::~ 
r.lfil.<:mt:&L ... *v•"Z", ~~~~T (2 X 1 o- 8 Pa) v::.t3v•--C.., 3 5 0°C1:7.:::..-Jvtr 
1-r-) a raj.., m-=fiWJl~~~::;t:Ht ~ ~14-ti.., 1JD:i!ffi:J±iJ~ 8 k V-'<:'ib VJ ... mt:&:i!ociJt O. 0 2 n 
m/tP ... mt:&r.lfil.ociJt~r.lfil. ( 2 9 3 K) ... 1/- 7-. c L--C ,±1t~.m[a1JB97fJlnitO)M g O (Mg c 
0 c 0) J:t iJ~ 1 : 1 ) tr J=l:J v •... 1/ - 7-. c :£if~ c 0) Rfi J!Jl tr 4 0 c m c L... ; '- o/ 7 ,tf 7 ry ✓ r 0) 
}!t~_oci,t 1 X I 0 - 8 P a... 0 2 ?J"l±iJ~ 1 X I 0 - 6 P a 1: Ji>~ o raj ... 1~~.miliifB9ifJlnitO) 
M g O (M g c O c 0) J:tiJt 1 : 1 ) O)ft :bl? v::... 0 '.Xtffii. tr ~T ~ 1/ - 7-. trftJ=l:J T ~ .::. c 1b 
1iJ§lg1: Ji) Q 0 

[0020] 
1%13 (A) t± ... .:: O)~~O) Fe ( 1 0 0) T~~-;fi.~ (~ I ffi:1~) 1 7 0) RHEE D-1 ,){ -

::J triFT1%1-Z:'cb Q a ~ 3 (A) ~=:iFT J:: '7 ~= ... F e ( 1 O O) T~~-;fi.~ (* 1 g;jii~) 1 7 
ti .&'tit~*! a~'I~ c 3:JZ±B ·I~ tr~ L --c v• ~ .::. c tr 5F L --c v• ~ o * v• <:... 1%1 2 ( C) ~2'.:JFT J:: -) 
~:: ... 2 n m~O)M g O ( I O O) l'- 1) ?Fi 2 1 tr Fe ( 1 0 0) ri~t1t1P~ (~ 1 ffi:;fi.)K) 1 
7 J:: ~=~r.lfil. -e.:r:. e0 

::$7 + :'/ -"f Jv mt:&T ~ o .::. 0)~ 1b ... Mg O O)g-=f e:' - A~~~ tr ffl v• t::. o 
1%13 (B) £± ... 2::.0)~0)MgO (100) ;{ 1J7Jii2 lO)RHEED-1 ;,x-:'.ltr7FTl%!1: 
cb.Qo ~3 (B) ~=JFTJ::-)~:::: ... MgO (1 0 0) l'- 1J7Ji2 l 1b.&ttt~*!~'l~cfiB'I~ 
tr~L--Cv'-1~.::. c ~JFL--CV:i~o 

[0021] 
1%1 2 ( D ) ~= 7F T J:: "? ~= ... M g O ( 1 0 0 ) l '- 1J 7 Fi 2 1 _t ~= ... ~ r.lfil. -e ~ ~ 1 0 n m 0) 

Fe (1 0 0) _t~~-;fi.~ (~2•t~) 2 3 tr%~Lt::.o ~rrb'cL--C ... 1 0 nmW'20)C olii 
2 5 tr Fe ( 1 O O) J::i~•11'~ (~ 2 ffl:ifii~) 2 3 _ti::::j:fHl Lt::.o Co Jii 2 5 ,± ... .l.t~•ifii~ 
2 3 O) ,f71=HttJ tr~ 6iJ ~ .::. c ~= J:: 0 --c .OC f fr 1J!1t fJiG ii: tr ~:ffl. T ~ t::. <iJ 0) 1b 0) <: Ji> ~ o * v, 1: 
... _t~i:'..0)1tmt~~tr1~*ffi1JDIL--CF e (100) /MgO (100) /Fe (100) M 
T J ~-=f tr%nitT ~ o 

[0022] 
_t~i:'..E B ~= J:: ~Mg 0~~£± ... 1 0 - 9 To r r O)~~~~~:Jti~1:mtRltr1T0 t::.0 .::. 0) 

:n~ <: £±... 1711 ;t tf :if '7 7-. £;i:K_t ~= 3 O o n m 0) mtRl tr 1-r 0 t::..%1: 1b ... ~e ~1¥1-e Ji> VJ ... 

.&tff ~¥M~RliJ~%mt '2 n --c v• ~.::. C iJ~:biJ'.\~ 0 1%14 £± ... Mg O mt-:&~v::.i, ~t ~ lml!!;fi.~M 
ass7-.~7J-,N0)8fflM*tr7FTl%!<:cb~a~4~JFTJ::'J~ ... QO);t,.~7J-.NPlc 
0 2 0)7-. ~ 7 t- Jv P 2 c ~:: ~T ~ ?J"l±iJ1~v•.::. c iJ~:biJ'.\~ o 1%1 5 ,± ... Mg O m;~i:p O)"ffij* 
?J"J±O)HlJtUl:i!oc1t.{1ftr7FT~-Z--ib.Qa 1%15 ~=iFTJ:: 'J ~= ... Wl*7-1"1±§1$:iJ~iJ'.\~ VJ~v•.::. 

tl:HiE~ 2 o o 5 - 3 o I 2 9 3 9 
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tt~mi 2 o o 4 - o 7 1 1 s 6 5/ 

t, j:fkfl:ifiloc c c i t=~~?tfE 'f) ~ < ~ o ~ c, ~ c"tL. Mg O O)j:ft;fJ:~ v=i3 ~to Mg 0 
**a!:TfuiP G O)W_f~O)~u5t ~~P~-t- ~ t O)-C,2fJ l'J, Mg ox co. 9 < x < 1) 0) J: '? i=~ 
*?Ztl'h~!t. t: t v• o 1iJfilgtl:il~2fJ o o ~*?Z-tl'h~!t. t: o c Mg O l--::,, ;t ... Jvrf~O)~ 2 'h~15: < 
~ o c ;Jg-x. G n ( Wtl x. ,t'-. 0 . 1 0 - 0 . 8 5 e V ( J: VJ ~t*IB v::: ,i 0 . 2 ~ 0 . 5 e V 0) 
tilfflP'J) ) , ~ :f'Lv.: J: ltJ, t- ::,, .:r, Jvffl;1fiE'h~:1:1n□ -t- o t 0) c ~ x. G no o ri1u, -*~s"J~ A 1 
- 0 }- ::,, ;t ... Jv rf~O):rl.;,fr, F e ( 1 0 0) c 0) FJ;!':I 0) 1--::,, ;r-.. Jv rf~O)~ 2 ti, 0 . 7 ~ 2 . 
5 e V C ~ X. G no O ~ ;f'Lv:::){;j-Lt' Mg O Mrd'idi:Ell!~B9~ r ✓ ;r-.. )vpf~O)i@j 2 ,i 3. 6 
e V -c-2fJ VJ, ~~{I c Lt!± 0 . 9 - 3. 7 e V O){f'h~1l G ;t1., t v• o o *~nffi0)%i~ ~= J: 
o 15~ ~ ffl v• o c , o . 3 e v fioc 0) r ::,, _:t, Jv pf~ 0) ~ 2 'ht1t~ 2 11-, r ::,, .:r, Jv pf~ 0)15: 
11tm1t'ht1iJitjg-c-2fJ o ~ c 'hti? 7)" o o 1-EL L, -t" O){mO)~ ~-- -wrr x. tfmi~O) :::r 1:: - v ✓ r ~ r 
::,, ;r, Jv0)~¥ 'i, l¾i~ Lt v• o 1iJfl~'l~'h~2fJ ~ o 

[0023] 
~6 ti, x.iaO)n~~:::J: l'.)~~Lts:F e (100) /MgO (100) Fe (1 0 0 

) MT J *TO)~ffi!B9 ~lifi:'AtltmHB>r?'R 1i: 7FT ~ -c-2b O O iJ!U~ill&.oc 2 0 K v= j3 "' -CM R .It 1 
4 6%-C-2fJIJ, 7J!!J~ill&.&2 9 3 Kv:::i3v•tMRltti8 8%-C-2fJ-:::,fs:o ~O){rn[ti, ~T:Ei-C' 
v:::~11l&.v:::.:Bv•t1lG:r1-t:::..~1b~v•MRJ:t-C-2fJ~o ~O)J: '? ~r@jv•MRJ:tti, Fe ( 1 0 0 
) ffi:;fu)g 0) _7-e" ::,, :5N'~ $ v.: J: -::, t m, 1¥.1 T o ~ c , i "c' ~ f--. tr L 0 , :::r l: - v ::,, }-~ _7-e" ::,, ffl 
ffi}-::,,i, 1J ✓ '.~'rv=l¾i~i"~c;/g'x.G:f'L~o 1600)MT J*r:r~ftLt:::..Jf.!*-- MRJ:tt 
l--::,, ;z-.. Jv}lfmf@: t v::: 1¾i i" o ti G-:::> ~ ti-. 2 0 % tJ. P'J-C-2b-:::> t:::.. o MT J O)ffe{N i 1-J 1b ~.~~ 

~pf-C- 9 0 %tJ.x. -C'2fJ-:::, t:::..o ~ 0) J: '? ~r@jv•frn[ ti, * 7 7D - -f-O)~t:iJ'f§: ~7FPJt L tv• o 
o MT J O)}ltm-.:c. 1J 75tl (RA) Ii, fj( k aµ m 2 -C-2fJ VJ-. ~ O)frn[ti-.. MR AM v:::jfj L 
t:::..{f-C-2fJ O 0 

[0024] 
ffiQ 7 (a) ti, ~ill&.v:::.:f3itoMRJ:t0)1'\'17 _7-ffl;J±{ax;{f:'t1:~7FTffiQ-C-2fJoo ffiQ 7 (a) 

v.:Jf.-t- J: "J v:::, MR J:tO)J't 1 7 A fflfE~;{f:'t§:tt'h"~ I'.) {~v• ~ C i)t;biJ"o O §'l-p;{;j-~~trl't1: ~ 
7FT'h~, MR J:t'ht¥-f~T o fflfE V h a I t ,i 1 2 5 0 rn V c V'-) §1-p'ffi' v= r@jv•f@:'h~1l G :l'L t 
v•oo rEU-. iit.*O)A l-O.~U.:.:f3itoMRJ:t0)¥-r~Toffi;fEV11 a If ti3 0 0~6 0 0 
rnV-C-cboo ® 7 (b) v:::-.. MT J O){njJfflfEV o u t ti (=l't-17 _7-ffl;fEX (Rap -
Rp) Rap) ~7FTo l:B1Jffl;fEVo u t O)~:k1t,iJl1&1'\'17_7-,:::;f3v•t380rnVO) 
ftil~1lGntv•oo ~O){jgti-.. A 1 -QJ{lJ 7'0):rl.;,frO)frn[ (2 0 0rnV) O)i'f.t2{-t!fO){rn[-C' 
cboo ~O)J: '? ~=, MRJ:tcl:B1JfflJ±cO)piijjf-C-r@jv•ffi'h~1lGnt:::..~ cti, *~1iffi0)%i~ 
v.: J: ~ 1!111'10) ~~.11'1~ 1i: 7F L t P o o 

[0025] 
rEU-.. J:.ic.~nffi0)%i~~:::i3v•t ti-.. BC C 0) Fe ( 1 0 0) 1i: fflv•t:::..'h~-.. 1th I'.)~= BC C 

0) F e *ir1ik-.. 'Wtl x. tf-.. F e - C o ir1ik-. F e - N i ir1ik-.. F e - P t ir1it:r fflv• o ~ c 
ll -C-~ ~ o !iJtv•~i Fe ( I 0 0) Ji c Mg O ( I 0 0) Ji c O)F1=1i !,:::, 1 JJ¥:rJiJU±~JJ¥:r 
Jif1£)jtO))!j[ 2 0) C o, N i ~ c" 1!:f.!iA Lt i R. v•o 

[0026] 
-:X,::, 7-fs:9e000)* 2 O)~jjffJ.0)%~ 1,::: J: ~litt~:l'J£}Jt~r 'lflr.f-t"O)~mn~ v::: -:::>v'-1-cm,oo ~ 

fr '? o 7-fs:~mE 0) % i~ ,::: J: o F e ( 1 0 0 ) / M g O ( 1 0 0 ) / F e ( 1 0 0 ) TM R * 
rO)~m:n~-c-,i-.. if Al'\::; 7 1) :,,, 7~~~ c"~= J: I') Mg O ( 1 0 0) ~~ffia\ it:::.. ,i 7 
-=E-Jv 7 7 _7-~xi~ -c-j:,fk tt L-.. -t" <7) .f!H::: 7 .:::. - Jv 9/:!::Ell! 1i: 1T -) ~ c ~= J: I'.) ( 1 0 0 ) i%! ai ffi il~rJiG 
fPJLt:::..~ffi!:Tfuit:::..&i1!iif.i!rai1tTo,¢.i:~!f:lffcT~o _7-J'\y 7 1J ::,,7~~14=-fi, 'Wtlx.&;fo ill&..oc 
'ht~jll&. ( 2 9 3 K) -c-2fJ I') , ?' - .Y y }- c Lt ,i 2 1 ::,, -f- cp 0) M g O 1i: ffl v•, A r ¾lffi:'A 
i:f=l -C-A J'\ Y ?' 1) ::,, 7~ ~ 1T-:::> t.:: o 1J□ :ifilffi:1J &± 2 0 0 W-C-2fJ I') -.. mt:Ef:ifil)jt ,± 0 . 0 0 8 n rn/ 
s -C-2fJ o o ~ O)~ftf:.-C-j:fkfl Lt:::.. Mg O &i 7-=E-Jv 7 7 _7-~xi~-c' cb o t:::.. &'J-.. ~u&-h" G 3 0 0 °C 
i -C-11l&.oc ~ x.* 2-lt, 3 0 0 'C ,.:i3v• t-~~rj;f':lf~Ht~T ~ ~ c !,.: J: I')-.. ffi!:Tfu1t2 nt:::..M 
go =r:flo ~ c 'htl:B*o 0 

[0027] 
rEU-. O:JZ:rlO)i.lAn~c Lt&i, M:Et~~=O?Z-:rlil~~t:O~{4'-c·mt:Ef:a:-1-r'?n~, ox 

ffiiiE~ 2 0 0 5 - 3 0 1 2 9 3 9 
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~J,fij 2 0 0 4 - 0 7 1 1 8 6 6/ 

1Il =a:1&iP G ~AT ,Q tJ#i.... 0 :X1ffei0) a;y ,Q ;tR:Jlli-/P G -WU x. tfWJf~ 7°7 _;;(7~:fJl[Xti El ~W.t1t~ 
c:" ~= J: I'.) rl.t1t =a:-fr-:::> --c JtJ ,Q liJ.tO) 0 :X~iB i -e~~T ,Q tJ#3.0) v•f tL=a:-ffl v• --c 1h A \tl o 

[0028] 
QJ.J:: ... *~nffi0)%i~ ~= J: ,Qiit:%:tttvt*-=t-:l'~fll'i ~= J: t1-,~r ... A ,l'\' o/ ?' 1J :--7~#3. =a: ffl v• --c 7 't" 

1v 7 7 AM g o =a: j:f.fl Lt::. 1& ,: 7.:::. - Jv ~:fl!!~= J: I'.) Mr filr1t-t-,Q t::. c6... --c n ri t~*-;f 1 -Jp I'.) ~ 
?,It rn: 7J1 &:;, ~ ~ v~ t v • -J 5flJ,¢.C 7J1 j;y ,Q 0 

[0029] 
QJ.J::., *~nffi 0)%i~ ~= J: ,Q tt~ttvt*-=t- ~= -:J vl --cm1¥.1 Lt::. 7J1 ... *961¥.i ti.::. n G ~=tum~~ 

fl,Q 'b 0)-e ti~ \.,lo --C O)ffil-. .f!~ O)~]!._ ~R ... irJl.c7J-'%:O-l!"7J11iJfj~ ~ .:_ C:. li ~ *~ ,:: § f¥.I 
-e JtJ 0 -J o ~ x. l;f ._ M g O Jii t:: W.t*x~fa ::r ~AT ,Q ft :b I'.) t::-. -WU ;t tf C a --? S r =a:-P-- l! 
:,, 7-T ,Q.::. t -e r :,, ;r, Jv~f~O)iWi ~ =1r~~T ,Q tJ#i. ::r-ffl v~ --c t .& v•o it::., Mg O Jii O)j:f 
ff1f#i.t L--C, ffl:-=fl:'-A •• #3.Xti.7-,1'\'o/ ?' 1) :,,7~yt=1i:--Wtlt: L--cml¥.!Lt.:7J1 -.. -f-O)ffilO) 
j:f ff rt i ~ffl "BJ ti~ --c-JtJ ,Q .::. t , i § -:i i --c-t ~ '-' • o i t::.... iWi J!{ ~ t 0) m ~tHt -. -wrr .:t , ;fW.t * ::r 
~AL~v•:r~,fr~::.t3v•--C, ~Dltll o- 6 P aQJ.rO)ffi:{r:J:~L ... -tJ, W.t*:rffifu)!B'-J~=~A 
T ,Q ~%-e 1b, 1 o - 4 P a l.¥,ti'.O)ffi =1r:J:~T o 

[ ~ *J:: 0) 5FU ffl 1'iJ fi~tl:l 
[0030] 

MR A MO) lli1J ffl:fE{@:7J11Jt*O)i%tJ 2 #r ~::fP]J:: L ... 2f if l:!.' o/ r if;&_O)~iWj~ffM RAM~=~ 
L t::.;fffm t ~-:::> --c v• ,Q o 
[ ~ ffi 0) riJJ 11t ~ m '3Jj l 

[0031] 
[~ 1] *95~0)~ 1 O)~!ffi0)%i~,:J: ,QMT J *-=f1fm (~ 1 (B) ) t ... ~!1!-Iitt·t~ 

ft:fri~-ea;y,Q Fe ( 1 O O) O).:r.;r,Jv-¥'-,1'{:,, P-;fffm::r-7FT~-ea;y I'.) ... 1Et~~Fi!:JO) [ 
1 0 0 J tJ fP] ~=MT ,Q E - E F 0) ~1* =1r '.!FT~ ( ~ 1 (A) ) '1:' Jt) ,Q 0 

[~2] 002 (A) 7J~G002 (D) i-et± ... *9e~O)~!ffi0):JBJ&~~:J:,QF e (100 
) /Mg O ( 1 0 0) Fe ( 1 0 0) Tif:it =1r~T ,Q?it1n.:J:.!fm*-=f (QJ. r... f F e ( 
1 0 0) /Mg O ( 1 0 0) F e ( 1 0 0) MT J J t~T ,Q o ) O)~:i_l.Il.¥ ::r-1t 

stag ~=JFT 00 -e JtJ ,Q o 
[00 3] 00 3 (A) ti.., F e ( 1 0 0) riBffl:;fii)! (~ 1 ffl:ifu)!) 0) RHEE D -1 J. - 1/ 

=1i-JFT00'1:'JtJI'.) ... ~3 (B) l:i ... .::.O)~O)MgO (100) ,1'{1J7JiiO)RHEED-1 
J. - :J ::r '.IF T 00 c::-JtJ ,Q o 

[ 00 4 l M g O nlt:Bt ~ ~= iHt ,Q 12!1 ]i ;/'~M a s s A ~ 7 r Jv O),lUffUer * =1r ff-T 00 -e JtJ ,Q 
0 

[~5]MgOB-~O)B*~J±O)■~ff~oc*~=1rff-T~-ea;y~o 
[~ 6] Fe ( 1 0 0) /Mg O ( 1 0 0) Fe ( 1 0 0) MT J *-=f-0)~~139~ 

m~:tivt EfH *9l :a: ff--t ~ --c-~ ~ o 
[~ 7] ~ 7 (A) ti ... '.~JmU::.t3~t~MRJ:t0);'{,17 Affi:EE.{:&~'t~::r;,r;;T~-ea;y~o 

007 (B) ,± ... MTJO)l±l:fJ~EE.Vo u t Ii (=1"-17-Affi:J±.X (Rap-Rp) / 
R a p) ::r-JF-t-~-ea;y ,Q o 

[~8] TMR*-=fO)ffimt~ -f-O)~ff~JJl[::rff--t-OO-e0,Qo 
[00 9] MRAMO)~:;:$:{f:@'fj!J:{i-JFT~-ea;y I'.) ... ~ 9 (A) ,iMRAM0)~°4t:J!~'t"JtJ 

IJ-. ~g (B) i±1lAE19~@J~Tifmt~-ea;yl'.).., ~9 (C) t± ... Tifm-Wtl:a:-JF-t-Wrffi~-e 
Jt) ,Q 0 

[~10] 7-'.:f:-N777-Al-O=a:-rY*N•MtL~1-tt*filTMR*-=fO)m~~m 
0) 1=111.JDffi:EE ~= J: ,Q ~1t ::r ff-T ~ -e 0 ,Q 

U~%0)moo1 
[0032] 

l···~lO)Fe (10 0) Ji ... 3···11t*i1fa'1!Mg0x (100) Jty,Qv•l:i (100) ®a'1! 
ffiJ7J'f~:$ti'!i:.fPJ L t::.~)T-Efil!M g Ox ]ii ( x < 1) ... 5 ···~ 2 0) F e ( 1 0 0) Jii, 1 1 ···!ii 
®fil!M g Ox ( 1 o o) JtJ ,Q v• !± ( 1 o o) Mffilr ffij7)'f~:$tWi:.fPJ L t::.~~fil!M g Ox ~ifffi: ( 

ili fill:ttf 2 0 0 5 - 3 0 1 2 9 3 9 
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-...._...-

~)DJi 2 0 0 4 - 0 7 1 1 8 6 7/E 

x < 1 ) ... 1 5 • • • M g O ( 1 0 0 ) :., - }-' ]ii ... 1 7 • • • :r... "I:! >' =t-:., -v Jv F e ( 1 0 0 ) T if~ 
~;f;.:li (~ 1 ~;f;.:E) ., 2 1 ···Mg O ( 1 O O) 1{ 1J 7Jii ... 2 3 •··X "I:!>' 3?-:., -v Jv Fe ( 1 O 
o) _t =ffBm;fu:E (* 2 ~t~) a 

ffi filEttf 2 0 0 5 - 3 0 1 2 9 3 9 
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[ti=~~] ~ffi 
[~ 1] 

(A) 

(B) 

lJJLJ... 

I 
LlJ 

~JJJ[ 2 0 0 4 - 0 7 1 1 8 6 1/ 

Fe 

1.0 

0.5 

-0.5 .___ ______ --!:._ ___ ..._---1.....__....1 

5 

3 

1 

r 
[100] 7.f(RJ 

Fe(100) 

MgO(100) 

Fe(100) 

H 

lliwE~ 2 0 0 5 - 3 0 1 2 9 3 9 
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(A) 

(B) 

(C) 

(D) 

~mi 2 o o 4 - o 7 1 1 s 6 

MgO(100)~ffi 

7=-Jl,;(350°C) 

15 MgO(100) 
$,--~'Hi 

....---------11 

.....-..----1 7 Fe(1 00)l'iJB'~fPi 

t======================:::=11--.._----15 (50nm) 

- ---11 

t=======================~c--,.,._---21 Mg0(100)/~ 1J7 I'@ 
-- -17 (2nm) 

- -15 

1=======================4------25 ColiH10nm) 
- - - 23 Fe(1 O0)J: ffilffl:1Pi 

l=======================::f-~~~ --21 (10nm) 
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Applicants also are advised that in the case of inventions made in the United States, the Director of the 
USPTO must issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. 
patent application serves as a request for a foreign filing license. The application's filing receipt contains 
further information and guidance as to the status of applicant's license for foreign filing. 

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

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

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 
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espionage and the national security or the export of technical data. Licensees should apprise themselves of 
current regulations especially with respect to certain countries, of other agencies, particularly the Office of 
Defense Trade Controls, Department of State (with respect to Arms, Munitions and Implements of War (22 
CFR 121-128)); the Bureau of Industry and Security, Department of Commerce (15 CFR parts 730-774); the 
Office of Foreign AssetsControl, Department of Treasury (31 CFR Parts 500+) and the Department of 
Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN 
FILING LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license 
under 37 CFR 5.12, if a license is desired before the expiration of 6 months from the filing date of the 
application. If 6 months has lapsed from the filing date of this application and the licensee has not received 
any indication of a secrecy order under 35 U.S.C. 181, the licensee may foreign file the application pursuant 
to 37 CFR 5.15(b). 
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• Information Disclosure Statements filed on 09/08/2006 
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STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 

YUASA 

Application Number: 10/591,947 

Filed: September 8, 2006 

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

ATTORNEY DOCKET No. HIRA.0236 

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

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

COVER LETTER 
Sir: 

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

FOR TOTAL WITH TOTAL CLAIMS 
NEW CLAIMS CURRENTLY ON ALREADY 

ADDED FILE PAID 

Total Claims 55 39 19 
(Over 20) 

lnde£endent 21 12 9 
C aims (Over 3) 

MULTIPLE 
DEPENDENT 
CLAIM(S) 

REDUCTION FOR FILING BY SMALL ENTITY (note 37 C.F.R. §§ 1.9, 1.27, 1.28). 

Unit 2827 

RATE 

x$50 

x$210 

+$370 

x½ 

01/11/2008 GF 

01 FC:1614 

~EY1 00000055 10591947 TOTAL 

1890.00 OP 
02 FC:H,15 l)UU.VV Ut-' 

CALCULATION 

800.00 

1,890.00 

0 

2,690.00 

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

[ ] Response to Office Action [ ] Petition for Extension of Time 
(w/claim amendments) [ ] Terminal Disclaimer 

[ ] Substitute Specification [ ] Letter to Draftsperson w/_ sheets of 
[ x ] Preliminary Amendment replacement drawings 
[ ] Information Disclosure Statement [ ] Other 

w/PTO Form 1449 & refs. 
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[ ''] Please charge my Deposit Account Number ___ in the amount of ___ to cover the fees for 
______ . A duplicate copy of this p~per is enclosed. 

[ x ] A check in the amount of $2,690.00 to cover the Excess Claims fee is enclosed. 

[ x ] The Commissioner is hereby authorized to charge any additional fees associated with this 
communication, including fees under 37 C.F.R. § 1.16 and 1.17, or credit any overpayment to Deposit 
Account Number 08-1480. 

REED SMITH LLP 
3110 Fairview Park Drive 
Suite 1400 
Falls Church, Virginia 22042 
(703) 641-4200 
January 10, 2008 

::ODMA\PCDOCS\FRXLIB\515383\! 

Respectfully submitted, 

Stanley P. Fisher 
Registra • on Number 2=--4~•;34.:...4:..--=::-; 
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STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 

YUASA 

Application Number: 10/591,947 

Filed: September 8, 2006 

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

ATTORNEY DOCKET No. HIRA.0236 

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

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

PRELIMINARY AMENDMENT 

Sir: 

Unit 2827 

This is supplemental to the Preliminary Amendment filed on September 8, 2006 

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

above-identified application as follows: 

FRXLIB-515221.11/10/083:18 PM 
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IN THE CLAIMS: 

Please cancel claims 8-14, 17, 26, 33-34 without prejudice or disclaimer, amend 

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

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

junction structure comprising: 

a tunnel barrier layer; 

a first ferromagnetic material layer of the BCC structure formed on a first side 

of said tunnel barrier layer; and 

a second ferromagnetic material layer of the BCC structure formed on a 

second side of said tunnel barrier layer, wherein 

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

ll (001) la-yer or a poly-crystalline MgOx (0 < x < 1) [[layer]] in which [[the]] (001) 

crystal plane is preferentially oriented. 

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

junction structure comprising: 

a tunnel barrier layer eomf1risiag MgO(00l); 

a first ferromagnetic material layer comprising Fe(00l) formed on a first side 

on said tunnel barrier layer; and 

a second ferromagnetic material layer comprising Fe(00l) formed on a second 

side on said tunnel barrier layer, wherein 

said MgO(00l) tunnel barrier layer is formed by a single-crystal (001) MgOx 

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

(001) crystal plane is preferentially oriented. 

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

junction structure comprising: 

a tunnel barrier layer eomf1rising MgO(00l); 

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

layer and comprising a single-crystalline (001) layer or a poly-crystalline layer of Fe 

or an Fe alloy of the BCC structure, said polycrystalline layer having [[the]] (001) 

crystal plane preferentially oriented therein; 
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a second ferromagnetic material layer formed on a second side of said tunnel 

barrier layer and comprising a single-crystalline (001) layer or a poly-crystalline layer 

of Fe or an Fe alloy of the BCC structure, said polycrystalline layer having the (001) 

crystal plane preferentially oriented therein, wherein 

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

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

crystal plane is preferentially oriented, wherein 

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

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

energy of at least one of said first and said second ferromagnetic layers is smaller than 

an ideal value in the case where the MgO (001) tunnel barrier layer is formed by a 

perfect single-crystal MgO. 

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

junction structure comprising: 

a tunnel barrier layer; 

a first ferromagnetic material layer of the BCC structure formed on a first side 

of said tunnel barrier layer; 

a second ferromagnetic material layer of the BCC structure formed on a 

second side of said tunnel barrier layer, wherein 

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

D (001) la-yer or a poly-crystalline MgO [[layer]] in which [[the]] (001) crystal plane 

is preferentially oriented, wherein 

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

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

energy of at least one of said first and said second ferromagnetic layers is smaller than 

an ideal value in the case where the MgO (001) tunnel barrier layer is formed by a 

perfect single-crystal MgO. 

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

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

6. (Previously Presented) The magnetoresistive device according to claim 3, wherein 
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said discontinuous value is in the range of0.10 to 0.85 eV. 

7. (Currently Amended) A memory device comprising: 

a transistor; and 

a magnetoresistive device comprising a tunnel barrier layer; -a first 

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

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

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

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

(001) crystal plane is preferentially oriented~ wherein said magnetoresistive device is 

used as a load for said transistor. 

8-14. (Cancelled) 

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

junction structure comprising: 

a tunnel barrier layer; 

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

layer and comprising an amorphous magnetic alloy; and 

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

barrier layer and comprising an amorphous magnetic alloy, wherein 

said tunnel barrier layer is formed by a siagle erystalliae MgO* (001) or a 

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

preferentially oriented. 

16. (Currently Amended) The magnetoresistive device according to claim 15, wherein a 

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

bottom of the conduction band of said tunnel barrier layer and the Fermi energy of at 

least one of said first and said second ferromagnetic layers is smaller than an ideal 

value in the case where the MgO (001) tunnel barrier layer is formed by a perfect 

single-crystal MgO. 

17. (Cancelled). 
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18. (Previously Presented) The magnetoresistive device according to claim 16, wherein 

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

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

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

20. (Currently Amended) A memory device comprising: 

a transistor; and 

a magnetoresistive device comprising a tunnel barrier layer; a first 

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

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

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

magnetic alloy, wherein said tunnel barrier layer is formed by a siagle 6i"ystalliBe 

Mg()* (001) er a poly-crystalline MgOx (0 < x < 1) [[layer]] in which [[the]] (001) 

crystal plane is preferentially oriented, wherein said magnetoresistive device is used 

as a load for said transistor. 

21. (Currently Amended) A method of manufacturing a magnetoresistive device 

comprising: 

preparing a substrate; 

depositing a first ferromagnetic material layer comprising an amorphous 

magnetic alloy on said substrate; 

forming an amorphous MgO layer on said first ferromagnetic material layer 

and then crystallizing said amorphous MgO layer by annealing so as to form a tunnel 

barrier layer comprising a siBgle erystalliBe MgO* (001) er a poly-crystalline MgOx 

(0 < x < 1) in which [[the]]~ (001} crystal plane is preferentially oriented; and 

depositing a second ferromagnetic material layer comprising an amorphous 

magnetic alloy on said tunnel barrier layer. 

22. (Currently Amended) The method of manufacturing the magnetoresistive device 

according to claim 21, wp.erein the step of forming said tunnel barrier layer 

comprising said siBgle erystaHiBe MgO* (001) er said poly-crystalline MgOx (0 < x < 
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1) in which [[the]] (001) crystal plane is preferentially oriented involves deposition by 

sputtering using a target with the value ofx in MgOx adjusted. 

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

said discontinuous value is in the range of0.2 to 0.5 eV. 

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

said discontinuous value is in the range of0.10 to 0.85 eV. 

25. (Previously Presented) The memory device according to claim 7, wherein 

the first ferromagnetic material layer and the second ferromagnetic material 

layer are each a BCC structure. 

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

the twmel barrier layer eomprises MgO(00l ), and 

the first ferromagnetic material layer and the second ferromagnetic material 

layer each comprise Fe(00l). 

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

the tur.nel barrier layer eomprises MgO(00l), 

the first ferromagnetic material layer and the a second ferromagnetic material 

layer each comprises a single-crystalline (001) [(layer ]]or a poly-crystalline [[layer]] 

of Fe or an Fe alloy of the BCC structure, said polycrystalline [[layer]] having [[the]] 

(001) crystal plane preferentially oriented therein, and 

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

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

energy of at least one of said first and said second ferromagnetic layers is smaller than 

an ideal value in the case where the MgO (001) tunnel barrier layer is formed by a 

perfect single-crystal MgO. 

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

value is in the range of0.2 to 0.5 eV. 
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29. (Previously Presented) The memory device of claim 27, wherein said discontinuous 

value is in the range of 0.10 to 0.85 eV. 

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

the first ferromagnetic material layer. and the second ferromagnetic material 

layer are each a BCC structure, and 

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

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

energy of at least one of said first and said second ferromagnetic layers is smaller than 

an ideal value in the case where the }.1g0 (001) tunnel barrier layer is formed by a 

perfect single-crystal MgO. 

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

value is in the range of 0.2 to 0.5 eV. 

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

value is in the range of 0.10 to 0.85 eV. 

33-34. (Cancelled). 

35. (Currently Amended) The magnetoresistive device according to claim [[l 7]]16, 

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

36. (Currently Amended) The magnetoresistive device according to claim [[l 7]]16, 

wherein said discontinuous value is in the range of0.10 to 0.85 eV. 

37. (Currently Amended) The memory device of claim 20, wherein the discontinuous 

value (the potential barrier height of the tunnel barrier) between the bottom of the 

conduction band of said tunnel barrier layer and the Fermi energy of at least one of 

said first and said second ferromagnetic layers is smaller than an ideal value in the 

case where the MgO (001) tunnel barrier layer is formed by a perfect single-crystal 

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

value is in the range of 0.2 to 0.5 eV. 

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

value is in the range of 0.10 to 0.85 eV. 

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

preparing a substrate; 

depositing a first ferromagnetic material layer comprising an amorphous 

magnetic alloy on said substrate; 

forming an amorphous MgO layer on said first ferromagnetic material layer 

and then crystallizing said amorphous MgO layer by annealing so as to form a tunnel 

barrier layer comprising a poly-crystalline MgOx (0 < x < 1) in which (001) crystal 

plane is preferentially oriented; and 

depositing a second ferromagnetic material layer comprising an amorphous 

magnetic alloy on said tunnel barrier layer; and 

annealing so as to crystallize said amorphous magnetic alloy. 

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

said ferromagnetic material is CoFeB alloy. 

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

comprising: 

a tunnel barrier layer; 

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

layer; ~d 

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

barrier, 

wherein 

said tunnel barrier layer is formed by a poly-crystalline MgOx (0 < x < 1) in 

which (001) crystal plane is preferentially oriented, and 

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

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

8 

WD EX1002 
Western Digital v IP Bridge 

Page 162



energy of at least one of said first and said second ferromagnetic layers is in the range 

of0.10 to 0.85 eV. 

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

the range of 0.2 to 0.5 eV. 

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

comprising: 

a tunnel barrier layer; 

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

layer; and 

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

barrier, 

wherein 

said tunnel barrier layer is formed by a poly-crystalline MgOx (0 < x < 1) in 

which (001) crystal plane is preferentially oriented, and 

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

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

comprising: 

a tunnel barrier layer; 

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

layer; and 

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

barrier, 

wherein 

said tunnel barrier layer is formed by a poly-crystalline MgOx (0 < x < 1) in 

which (001) crystal plane is preferentially oriented, 

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

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

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

energy of at least one of said first and said second ferromagnetic layers, is in the range 

of0.10 to 0.85 eV. 
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46. (New) A magnetoresistive device comprising a magnetic tunnel junction structure 

comprising: 

a tunnel barrier layer; 

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

layer, and 

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

barrier, 

wherein 

said tunnel barrier layer is formed by a poly-crystalline MgOx (0 < x < 1) in 

which (001) crystal plane is preferentially oriented, 

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

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

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

energy of at least one of said first and said second ferromagnetic layers, is in the range 

of 0,10 to 0.85 eV, and 

an output voltage of said device is more than 200 m V. 

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

the range of0.2 to 0.5 eV. 

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

comprising; 

a tunnel barrier layer; 

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

layer; and 

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

barrier, 

wherein 

said tunnel barrier layer is formed by a polycrystalline MgOx (0 < x -< 1) in 

which (001) crystal plane is preferentially oriented, and 

an output voltage of said device is more than 200 m V. 
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49. (New) A tunnel barrier layer on a ferromagnetic material layer, wherein said tunnel 

barrier layer is formed by a poly-crystalline MgOx (0 < x < 1) in which (001) crystal 

plane is preferentially oriented, and a discontinuous value (the potential barrier height 

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

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

range of0.2 to 0.5 eV. 

51. (New) A tunnel barrier layer 

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

preferentially oriented, and 

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

is in the range of0.10 to 0.85 eV. 

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

range of 0.2 to 0.5 eV. 

53. (New) A tunnel barrier layer used for a magnetoresistive device having an output 

voltage of more than 200 m V, wherein said tunnel barrier layer is formed by a poly­

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

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

comprising: 

a tunnel barrier layer; 

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

layer; and 

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

barrier, 

wherein 

said first or second ferromagnetic material layer comprising an amorphous 

ferromagnetic alloy, and 

said tunnel barrier layer is formed by a poly-crystalline MgOx (0 < x < 1) in 

which (001) crystal plane is preferentially oriented. 

WD EX1002 
Western Digital v IP Bridge 

Page 165



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

CoFeB alloy. 

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

comprising: 

a tunnel barrier layer; 

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

layer; and 

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

barrier, 

wherein 

said first or second ferromagnetic material layer comprising an amorphous 

ferromagnetic alloy, 

said tunnel barrier layer is formed by a poly-crystalline MgOx (0 < x < 1) in 

which (001) crystal plane is preferentially oriented, and 

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

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

energy of at least one of said first and said second ferromagnetic layers, is in the range 

of0.10 to 0.85 eV. 

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

die range of0.2 to 0.5 eV. 

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

CoFeB alloy. 

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

comprising: 

a tunnel barrier layer; 

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

layer, and 

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

wherein 

said first or second ferromagnetic material layer comprising an amorphous 

ferromagnetic alloy, 

said tunnel barrier layer is formed by a poly-crystalline MgOx (0 < x < 1) in 

which (001) crystal plane is preferentially oriented, 

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

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

energy of at least one of said first and said second ferromagnetic layers, is in the range 

of 0.2 to 0.5 eV, and 

an output voltage of said device is more than 200 m V. 

60. (New) A tunnel barrier layer on ferromagnetic material layer, wherein said 

ferromagnetic material layer comprising an amorphous ferromagnetic alloy, 

said tunnel barrier layer is formed by a poly-crystalline MgOx (0 < x < 1) in 

which (001) crystal plane is preferentially oriented. 

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

alloy. 

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

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

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

the range of0.2 to 0.5 eV. 

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

CoFeB alloy. 

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

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

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

respectfully request an early and favorable action on the merits. 

Claims 1-7, 15-16, 18-25, 27-32, 35-65 are under consideration in this application. 

Claims 8-14, 17, 26, 33-34 are being cancelled without prejudice or disclaimer. Claims 1-4, 

7, 15-16, 20-22, 26-27, 30, 35-37 are being amended, as set forth above and in the attached 

marked-up presentation of the claim amendments, in order to more particularly define and 

distinctly claim Applicants' invention. New claims 40-65 are being added. All the new claims 

are supported by the specification. Applicants hereby submit that no new matter is being 

introduced into the application through the submission of this Supplemental Preliminary 

Amendment. 

Present Invention 

The magnetoresistive device (i.e., a magnetic tunnel junction device ("MTJ device") 

of the present invention is provided with the following three characteristics: 

(1) A tunnel barrier layer comprises MgOx. 

(2) Said MgOx is a single-crystalline (001) MgOx (0 < x < 1) or a poly-crystalline 

MgOx (0 < x < 1) in which (001) crystal plane is preferentially oriented. 

(3) x is 0<x<l. (Namely, if this is represented as "MgO crystals," the crystals have 

oxygen vacancy defects.) 

The MTJ device of the present invention delivers the following performance: 

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

room temperature); 

(ii) A lower discontinuous value*, i.e., 0.1 to 0.85 eV, in particular, 0.2 to 0.5 eV (*A 

discontinuous value, between the bottom of the conduction band of said tunnel barrier layer 

and the Fermi energy of at least one of said first and said second ferromagnetic layers, is 

smaller than an ideal discontinuous value (in the case where said tunnel barrier layer is 

formed by a perfect single-crystal MgO). The discontinuous value hereinafter is cited as the 

height cp of the tunnel barrier). 

(iii) A higher output voltage, i.e., more than 200 m V at room temperature. 
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Favorable consideration of this application as amended is respectfully solicited. 

Should there be any outstanding issues requiring discussion that would further the 

prosecution and allowance of the above-captioned application, the Examiner is invited to 

contact the Applicants' undersigned representative at the address and telephone number 

indicated below. 

REED SMITH LLP 
3110 Fairview Park Drive 
Suite 1400 
Falls Church, Virginia 22042 
((703) 641-4200 

January 10, 2008 

SPF/JCM/JT 

Respectfully submitted, 

Stanley P. Fisher 
4,344 
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The Examiner is requested to acknowledge consideration of the information provided 

in this paper in accordance with prescribed procedures. 

Please charge any additional fees or credit any overpayments in connection with this 

paper to Deposit Account No. 08-1480. 

REED SMITH LLP 
3110 Fairview Park Drive 
Suite 1400 
Falls Church, Virginia 22042 
(703) 641-4200 
August 7, 2008 

Respectfully submitted, 

Stanley P. Fisher 
Registration Number 24,344 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of o\PE' 
~ 

YUASA .,, NOV O 7 1008 ~ 
Application Number: 10/591,947 ~~ clJ 

~ 
Filed: September 8, 2006 

For: MAGNETIC TUNNEL JUNCTION.DEVICE AND 

METHOD OF MANUFACTURING THE SAME 

Attorney Docket No. HIRA.0236 

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

Sir: 
COVER LETTER 

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

Art Unit 2827 

Examiner 
Alonzo CHAMBLISS 

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

FOR TOTAL WITH TOTAL CLAIMS RATE CALCULATION 
NEWCLAIMS CURRENTLY ON ALREADY PAID ............ ., ..... FUF 

Total Claims 54 55 35 X $52 0 
(Over 20) 

Inde~endent 26 21 18 X $220 1,100.00 
Cairns (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 
IF APPLICABLE, VERIFIED STATEMENT MUST BE ATTACHED 

TOTAL 1,100.00 

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

[ X] Supplemental Preliminary Amendment [ ] Substitute Specification ( clean and 
(with Claim Amendments) marked-up version) 

[ ] Substitute Specification [ ] Statements & Pre-exam search report 
[ ] Assignment with References 
[ ] Letter to Draftsperson ] Information Disclosure Statement with 
[ ] Terminal Disclaimer references 
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[ ] Please charge my Deposit Account Number ___ in the amount of ___ to cover the 
fees for _______ . A duplicate copy of this paper is enclosed. 

[ x ] A check in the amount of $1,100.00 to cover the fee is enclosed. 

[ x] The Commissioner is hereby authorized to charge any additional fees associated with this 
communication, or credit any overpayment to Deposit Account Number 08-1480. 

REED SMITH LLP 
3110 Fairview Park Drive 
Suite 1400 
Falls Church, Virginia 22042 
(703) 641-4200 
November 7, 2008 
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Registration Number 24,344 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 

YUASA 

Application Number: 10/591,947 

Filed: September 8, 2006 

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

Attorney Docket No. HIRA.0236 

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

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

Art Unit 2827 

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 PAID 

... ~n.r.n. F11.1c 

Total Claims 54 55 35 X $52 0 
(Over 20) 

Indegendent 26 21 18 X $220 1,100.00 
Cairns (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 
IF APPLICABLE, VERIFIED STATEMENT MUST BE ATTACHED 

TOTAL 1,100.00 

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

[x] Supplemental Preliminary Amendment [ ] Substitute Specification ( clean and 
(with Claim Amendments) marked-up version) 

[ ] Substitute Specification [ ] Statements & Pre-exam search report 
[ ] Assignment with References 
[ ] Letter to Draftsperson [ ] Information Disclosure Statement with 
[ ] Terminal Disclaimer references 
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[ ] Please charge my Deposit Account Number ___ in the amount of ___ to cover the 
fees for _______ . A duplicate copy of this paper is enclosed. 

[ x ] A check in the amount of $1,100.00 to cover the fee is enclosed. 

[ x] The Commissioner is hereby authorized to charge any additional fees associated with this 
communication, or credit any overpayment to Deposit Account Number 08-1480. 

REED SMITH LLP 
3110 Fairview Park Drive 
Suite 1400 
Falls Church, Virginia 22042 
(703) 641-4200 
November 7, 2008 

H:\Nd'ortbl\US_AcnVEILMGREENE\100731138_1.DOC 

Respectfully submitted, 

Stanley P. Fisher 
Registration Number 24,344 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

YUASA 

Application Number: 10/591,947 

Filed: September 8, 2006 

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

Attorney Docket No. HIRA.0236 

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

Art Unit 2827 

Examiner 
Alonzo CHAMBLISS 

SUPPLEMENTAL PRELIMINARY AMENDMENT 

Sir: 

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

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

above-identified application as follows: 

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

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

claims 66-119 as follows: 

1-65. (Cancelled) 

66. (New) A magnetoresistive device having a magnetic tunnel junction structure 

comprising: 

a tunnel barrier layer; 

a first ferromagnetic material layer of the BCC structure formed on a first side 

of said tunnel barrier layer; and 

a second ferromagnetic material layer of the BCC structure formed on a 

second side of said tunnel barrier layer, wherein 

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

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

oriented. 

67. (New) The magnetoresistive device according to claim 66, wherein a discontinuous 

value (to be hereafter referred to as "the tunnel barrier height") between the bottom of 

the conduction band of said tunnel 'barrier layer and the Fermi energy of at least one 

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

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

height is in the range of 0.2 to 0.5 eV. 

69. (New) The magnetoresistive device according to claim 67, wherein said ferromagnetic 

material comprises a single-crystalline (001) of Fe or Fe-based alloy, or a poly­

crystalline of Fe or Fe-based alloy in which (001) crystal plane is preferentially 

oriented. 

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

height is in the range of 0.2 to 0.5 eV. 
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• 71. (New) A magnetoresistive device having a magnetic tunnel junction structure 

comprising: 

a tunnel barrier layer; 

a first ferromagnetic material layer of the BCC structure formed on a first side 

of said tunnel barrier layer; and 

a second ferromagnetic material layer of the BCC structure formed on a 

second side of said tunnel barrier layer, wherein 

said tunnel barrier layer comprises a single-crystalline MgO (001) or a poly­

crystalline MgO in which (001) crystal plane is preferentially oriented, said MgO 

having oxygen vacancy defects and said tunnel barrier layer having the tunnel barrier 

height of 0.2 to 0.5 eV, and 

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

72. (New) A magnetoresistive device comprising: 

a first ferromagnetic material layer of the BCC structure; 

a second ferromagnetic material layer of the BCC structure; and 

a magnesium oxide layer located between said first ferromagnetic 

material layer and said second ferromagnetic material layer, wherein 

said magnesium oxide is a single-crystalline (001) or a poly-crystalline 

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

said magnesium oxide has oxygen vacancy defects. 

73. (New) A magnetoresistive device having a magnetic tunnel junction structure 

comprising: 

a tunnel barrier layer; 

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

layer; and 

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

barrier, 

wherein 

said tunnel barrier layer is formed by a poly-crystalline MgOx (0 < x < 1) in 

which (001) crystal plane is preferentially oriented, and 

the tunnel barrier height is in the range of 0.10 to 0.85 e V. 
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• 74. (New) The magnetoresistive device according to claim 73, wherein the tunnel barrier 

height is in the range of 0.2 to 0.5 eV. 

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

magnetoresistance ratio of said device is more than 70 %. 

76. (Ne~) The magnetoresistive device according to claim 73, wherein an output voltage 

of said device is more than 200 m V at room temperature. 

77. (New) A magnetoresistive device having a magnetic tunnel junction structure 

comprising: 

a tunnel barrier layer; 

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

layer; and 

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

barrier layer, wherein 

said tunnel barrier layer comprises a poly-crystalline MgO in which (001) 

crystal plane is preferentially oriented, said MgO having oxygen vacancy defects, 

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

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

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

78. (New) A magnetoresistive device having a magnetic tunnel junction structure 

comprising: 

a tunnel barrier layer; 

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

layer; and 

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

barrier layer, wherein 

said tunnel barrier layer comprises a poly-crystalline magnesium oxide having 

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

said tunnel barrier layer has the tunnel barrier height of 0.2 to 0.5 eV, 
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a magnetoresistance ratio of said device is more than 70 %, and 

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

79. (New) A magnetoresistive device having a magnetic tunnel junction structure 

comprising: 

a tunnel barrier layer; 

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

layer; and 

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

barrier layer, wherein 

said tunnel barrier layer comprises a poly-crystalline magnesium oxide in 

which (001) crystal plane is preferentially oriented, 

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

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

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

80. (New) A magnetoresistive device having a magnetic tunnel junction structure 

comprising: 

a tunnel barrier layer; 

a first amorphous ferromagnetic material layer formed on a first side of said 

tunnel barrierlayer;and 

a second amorphous ferromagnetic material layer formed on a second side of 

said tunnel barrier layer, wherein 

said tunnel barrier layer comprises a poly-crystalline MgOx (0 < x < 1) in 

which (001) crystal plane is preferentially oriented. 

81. (New) The magnetoresistive device according to claim 80, wherein said first and 

second amorphous ferromagnetic material layers comprise CoFeB alloy. 

82. (New) A magnetoresistive device having a magnetic tunnel junction structure 

comprising: 

a tunnel barrier layer; 

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

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

barrier layer, wherein 

said first and second ferromagnetic material layer comprise an amorphous 

CoFeB alloy and 

said tunnel barrier layer comprises a poly-crystalline magnesium oxide m 

which (001) crystal plane is preferentially oriented, said magnesium oxide having 

oxygen vacancy defects. 

83. (New) A magnetoresistive device having a magnetic tunnel junction structure 

comprising: 

a first ferromagnetic material layer; 

a tunnel barrier layer deposited on the first ferromagnetic material layer; and 

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

wherein 

at least said first ferromagnetic material layer is amorphous and 

said tunnel barrier layer comprises a poly-crystalline MgOx (0 < x < 1) in 

which (001) crystal plane is preferentially oriented. 

84. (New) The magnetoresistive device according to claim 83, wherein said first 

ferromagnetic material layer comprises CoFeB alloy. 

85. (New) The magnetoresistive device according to claim 83, wherein said tunnel barrier 

layer has the tunnel barrier height of0.2 to 0.5 eV. 

86. (New) The magnetoresistive device according to claim 85, wherein said first 

ferromagnetic material layer comprises CoFeB alloy. 

87. (New) A magnetoresistive device having a magnetic tunnel junction structure 

comprising: 

a first ferromagnetic material layer; 

a tunnel barrier layer deposited on the first ferromagnetic material layer; and 

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

wherein 

at least said first ferromagnetic material layer is amorphous and 
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said tunnel barrier layer comprises a poly-crystalline magnesium oxide in 

which (001) crystal plane is preferentially oriented, said magnesium oxide having 

oxygen vacancy defects. 

88. (New) A magnetoresistive device having a magnetic tunnel junction structure 

comprising: 

a first ferromagnetic material layer; 

a tunnel barrier layer deposited on the first ferromagnetic material layer; and 

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

wherein 

at least said first ferromagnetic material layer is amorphous and 

said tunnel barrier layer comprises a poly-crystalline magnesium oxide m 

which (001) crystal plane is preferentially oriented. 

89. (New) A memory device comprising: 

a transistor; and 

a magnetoresistive device comprising a tunnel barrier layer; a first 

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

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

layer, wherein 

said tunnel barrier layer is formed by a single-crystalline [(001)) MgOx (001) 

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

preferentially oriented, wherein 

the tunnel barrier height of said tunnel barrier layer is in the range of 0.2 to 0.5 

eVand 

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

90. (New) A tunnel barrier layer comprising a poly-crystalline MgOx (0 < x < l) in which 

(001) crystal plane is preferentially oriented and having the tunnel barrier height of 

0.2 to 0.5 eV. 

91. (New) A tunnel barrier layer used for a magnetoresistive device having an output 

voltage of more than 200 m V, wherein 

said tunnel barrier layer is formed by a poly-crystalline MgOx (0 < x < 1) in 

WD EX1002 
Western Digital v IP Bridge 

Page 191



which (001) crystal plane is preferentially oriented and 

the tunnel barrier height of said tunnel barrier layer is in the range of 0.2 to 0.5 

eV. 

92. (New) A tunnel barrier layer used for a magnetoresistive device having an output 

voltage of more than 200 m V, wherein 

said tunnel barrier layer is formed by a poly-crystalline MgO in which (001) 

crystal plane is preferentially oriented, said MgO having oxygen vacancy defects and 

the tunnel barrier height of said tunnel barrier layer is in the range of 0.2 to 0.5 

eV. 

93. (New) A tunnel barrier layer deposited on a ferromagnetic material layer, wherein 

said tunnel barrier layer is formed by a poly-crystalline MgOx (0 < x < 1) in 

which (001) crystal plane is preferentially oriented and 

the tunnel barrier height of said tunnel barrier layer is in the range of 0.2 to 0.5 

eV. 

94. (New) A tunnel barrier layer deposited on an amorphous ferromagnetic material layer, 

wherein 

said tunnel barrier layer is formed by a poly-crystalline MgOx (0 < x < 1) in 

which (00 l) crystal plane is preferentially oriented. 

95. (New) The tunnel barrier layer according to claim 94, wherein said amorphous 

ferromagnetic material is CoFeB alloy. 

96. (New) The tunnel barrier layer according to claim 94, wherein said tunnel barrier 

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

97. (New) The tunnel barrier layer according to claim 96, wherein said ferromagnetic 

material is CoFeB alloy. 

98. (New) A tunnel barrier layer deposited on an amorphous ferromagnetic material layer, 

wherein 

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

defects. 

99. (New) The tunnel barrier layer according to claim 98, wherein said ferromagnetic 

material comprises CoFeB alloy. 

100. (New) A tunnel barrier layer deposited on an amorphous ferromagnetic material layer, 

wherein 

said tunnel barrier layer comprises a poly-crystalline magnesium oxide m 

which (001) crystal plane is preferentially oriented. 

101. (New) The tunnel barrier layer according to claim 100, wherein said ferromagnetic 

material comprises CoFeB alloy. 

102. (New) A method of manufacturing a magnetoresistive device comprising: 

preparing a substrate; 

depositing a first amorphous ferromagnetic material layer on said substrate; 

forming an amorphous MgO or MgOx (0 < x < 1) layer on said first 

amorphous ferromagnetic material layer and then crystallizing said amorphous MgO 

or MgOx (0 < x < 1) layer by annealing so as to form a tunnel barrier layer comprising 

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

preferentially oriented; and 

depositing a second amorphous ferromagnetic material layer on said tunnel 

barrier layer. 

103. (New) The method of manufacturing a magnetoresistive device according to claim 

102, wherein the method further comprises an annealing step as to partially or entirely 

crystallize said amorphous ferromagnetic material layer or layers. 

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

preparing a substrate; 

depositing a first amorphous ferromagnetic material layer on said substrate; 

forming an amorphous magnesium oxide layer on said first amorphous 

ferromagnetic material layer and then crystallizing said amorphous magnesium oxide 
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layer by annealing so as to form a tunnel barrier layer comprising a poly-crystalline 

magnesiwn oxide in which (001) crystal plane is preferentially oriented; and 

depositing a second amorphous ferromagnetic material layer on said tunnel 

barrier layer. 

105. (New) The method of manufacturing a magnetoresistive device according to claim 

104, wherein the method further comprises an annealing step as to partially or entirely 

crystallize said amorphous ferromagnetic material layer or layers. 

106. (New) A method of manufacturing a part of magnetoresistive device having a 

magnetic tunnel junction structure comprising: 

preparing a substrate; 

depositing a first amorphous ferromagnetic material layer on said substrate; 

forming an amorphous magnesiwn oxide layer on said first amorphous 

ferromagnetic material layer and then crystallizing said amorphous magnesium oxide 

layer by annealing so as to form a tunnel barrier layer comprising a poly-crystalline 

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

107. (New) The method of manufacturing a part of magnetoresistive device having a 

magnetic tunnel junction structure according to claim 106, wherein said poly­

crystalline magnesium oxide has oxygen vacancy defects. 

108. (New) The method of manufacturing a part of magnetoresistive device having a 

magnetic tunnel junction structure according to claim 106, wherein said ferromagnetic 

material is CoFeB alloy. 

109. (New) The method of manufacturing a part of magnetoresistive device having a 

magnetic tunnel junction structure according to claim 108, wherein said poly­

crystalline magnesium oxide has oxygen vacancy defects. 

110. (New) A magnetic multilayer film comprising: 

a first ferromagnetic material layer comprising an amorphous magnetic alloy; 

a second ferromagnetic material layer comprising an amorphous magnetic 

alloy;and 
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a crystalline magnesium oxide layer located between said first ferromagnetic 

material layer and said second ferromagnetic material layer. 

111. (New) The magnetic multilayer film according to claim 110, wherein 

said crystalline magnesium oxide is a poly-crystalline magnesium oxide in 

which (001) crystal plane is preferentially oriented. 

112. (New) The magnetic multilayer film according to claim 110, wherein each of said 

ferromagnetic materials comprises CoFeB alloy. 

113. (New) The magnetic multilayer film according to claim 112, wherein said crystalline 

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

is preferentially oriented. 

114. (New) A magnetic multilayer film comprising: 

a first ferromagnetic material layer; 

a second ferromagnetic material layer; and 

a crystalline magnesium oxide layer located between said first ferromagnetic 

material layer and said second ferromagnetic material layer, said magnesium oxide 

layer has oxygen vacancy defects. 

115. (New) A multilayer structure comprising: 

a first ferromagnetic material layer comprising an amorphous CoF eB alloy; 

a crystalline magnesium oxide layer deposited on said first ferromagnetic 

layer; and 

a second ferromagnetic material layer deposited on said crystalline magnesium 

oxide layer. 

116. (New) The multilayer structure according to claim 115, wherein said crystalline 

magnesium oxide is poly-crystalline magnesium oxide. 

117. (New) The multilayer structure according to claim 115, wherein said crystalline 

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

preferentially oriented. 
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118. (New)The multilayer structure according to claim 115, wherein said amorphous 

magnetic material layer have been partially or entirely crystallized by post-annealing. 

119. (New) The multilayer structure according to claim 117, wherein said amorphous 

magnetic material layer have been partially or entirely crystallized by post-annealing. 
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REMARKS 

In view of the above amendments and Applicant's comments stated herein, Applicant 

respectfully requests an early and favorable action on the merits. 

Claims 66-119 are under consideration in this application. Claims 1-4, 7, 15-16, 20-

22, 26-27, 30, 35-37, and 40-65 are being cancelled without prejudice or disclaimer. New 

claims 66-119 are being added. All the new claims are supported by the specification. 

Applicant hereby submits that no new matter is being introduced into the application through 

the submission of this Supplemental Preliminary Amendment. 

Favorable consideration of this application as amended 1s respectfully solicited. 

Should there be any outstanding issues requiring discussion that would further the 

prosecution and allowance of the above-captioned application, the Examiner is invited to 

contact the Applicant's undersigned representative at the address and telephone number 

indicated below. 

REED SMITH LLP 
3110 Fairview Park Drive 
Suite 1400 
Falls Church, Virginia 22042 
[(703) 641-4200 
November 7, 2008 
SPF/JCM/JT 

Respectfully submitted, 

Stanley P. Fisher 
Registration N her 24,344 
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Application/Control Number: 10/591,94 7 

Art Unit: 2892 

Election/Restrictions 

Page 2 

1. This application contains claims directed to the following patentably distinct 

species of the claimed invention: 

Species of magnetoresistive device: 

A 1. A magnetoresistive device with a second ferromagnetic layer. 

A2. A magnetoresistive device without a second ferromagnetic layer. 

Applicant is required under 35 U.S.C. 121 to elect a single disclosed species for 

prosecution on the merits to which the claims shall be restricted if no generic claim is 

finally held to be allowable. Currently, no claims are generic. 

Applicant is advised that a reply to this requirement must include an identification 

of the species that is elected consonant with this requirement, and a listing of all claims 

readable thereon, including any claims subsequently added. An argument that a claim 

is allowable or that all claims are generic is considered nonresponsive unless 

accompanied by an election. 

Upon the allowance of a generic claim, applicant will be entitled to consideration 

of claims to additional species which are written in dependent form or otherwise include 

all the limitations of an allowed generic claim as provided by 37 CFR 1.141. If claims 

are added after the election, applicant must indicate which are readable upon the 

elected species. MPEP § 809.02(a). 

Should applicant traverse on the ground that the species are not patentably 

distinct, applicant should submit evidence or identify such evidence now of record 

showing the species to be obvious variants or clearly admit on the record that this is the 
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Application/Control Number: 10/591,94 7 

Art Unit: 2892 

Page 3 

case. In either instance, if the examiner finds one of the inventions unpatentable over 

the prior art, the evidence or admission may be used in a rejection under 35 

U.S.C. 103(a) of the other invention. 

Conclusion 

2. Any inquiry concerning the communication or earlier communications from the 

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

272-1927. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Thao Le can be reached on (571) 272-1708. The fax phone number for the 

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

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system Status information for published 

applications may be obtained from either Private PMR or Public PMR. Status 

information for unpublished applications is available through Private PMR only. For 

more information about the PMR system see http://pair-dkect.uspto.gov. Should you 

have questions on access to the Private PMR system contact the Electronic Business 

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

/Alonzo Chambliss/ 
AC/September 1 , 2008 Primary Examiner, Art Unit 2892 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 

YUASA 

Application Number: 10/591,947 

Filed: September 8, 2006 

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

Attorney Docket No. HIRA.0236 

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

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

Art Unit 2892 

Examiner 
Alonzo CHAMBLISS 

RESPONSE TO RESTRICTION REQUIREMENT 

Sir: 

This is in response to the Office Action mailed on May 12, 2009, the period of 

response to which is set to expire on June 12, 2009. Applicants hereby elect the continuing 

prosecution of Species Al as recited in claims 66-89, 102-105 and 110-119, without traverse. 
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IN THE CLAIMS: 

Claim 66-89, 102-105 and 110-119 stand for consideration as follows, wherein claims 

90-101 and 106-109 are hereby withdrawn from further consideration without prejudice or 

disclaimer, all as follows: 

1-65. (Cancelled) 

66. (Previously Presented) A magnetoresistive device having a magnetic tunnel junction 

structure comprising: 

a tunnel barrier layer; 

a first ferromagnetic material layer of the BCC structure formed on a first side 

of said tunnel barrier layer; and 

a second ferromagnetic material layer of the BCC structure formed on a 

second side of said tunnel barrier layer, wherein 

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

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

oriented. 

67. (Previously Presented) The magnetoresistive device according to claim 66, wherein a 

discontinuous value (to be hereafter referred to as "the tunnel barrier height") between 

the bottom of the conduction band of said tunnel barrier layer and the Fermi energy of 

at least one of said first and said second ferromagnetic layers is in the range of 0.10 to 

0.85 eV. 

68. (Previously Presented) The magnetoresistive device according to claim 67, wherein 

the tunnel barrier height is in the range of 0.2 to 0.5 eV. 

69. (Previously Presented) The magnetoresistive device according to claim 67, wherein 

said ferromagnetic material comprises a single-crystalline (001) of Fe or Fe-based 

alloy, or a poly-crystalline o~ Fe or Fe-based alloy in which (001) crystal plane is 

preferentially oriented. 

70. (Previously Presented) The magnetoresistive device according to claim 69, wherein 

the tunnel barrier height is in the range of 0.2 to 0.5 eV. 

2 
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71. (Previously Presented) A magnetoresistive device having a magnetic tunnel junction 

structure comprising: 

a tunnel barrier layer; 

a first ferromagnetic material layer of the BCC structure formed on a first side 

of said tunnel barrier layer; and 

a second ferromagnetic material layer of the BCC structure formed on a 

second side of said tunnel barrier layer, wherein 

said tunnel barrier layer comprises a single-crystalline MgO (001) or a poly­

crystalline MgO in which (001) crystal plane is preferentially oriented, said MgO 

having oxygen vacancy defects and said tunnel barrier layer having the tunnel barrier 

height of 0.2 to 0.5 eV, and 

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

72. (Previously Presented) A magnetoresistive device comprising: 

a first ferromagnetic material layer of the BCC structure; 

a second ferromagnetic material layer of the BCC structure; and 

a magnesium oxide layer located between said first ferromagnetic 

material layer and said second ferromagnetic material layer, wherein 

said magnesium oxide is a single-crystalline (001) or a poly-crystalline 

crystalline in which (00 I) crystal plane is preferentially oriented, and 

said magnesium oxide has oxygen vacancy defects. 

73. (Previously Presented) A magnetoresistive device having a magnetic tunnel junction 

structure comprising: 

a tunnel barrier layer; 

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

layer; and 

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

barrier, 

wherein 

said tunnel barrier layer is formed by a poly-crystalline MgOx (0 < x < 1) in 

which (001) crystal plane is preferentially oriented, and 

the tunnel barrier height is in the range of0.10 to 0.85 eV. 

3 
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74. (Previously Presented) The magnetoresistive device according to claim 73, wherein 

the tunnel barrier height is in the range of 0.2 to 0.5 eV. 

75. (Previously Presented) The magnetoresistive device according to claim 73, wherein a 

magnetoresistance ratio of said device is more than 70 %. 

76. (Previously Presented) The magnetoresistive device according to claim 73, wherein 

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

77. (Previously Presented) A magnetoresistive device having a magnetic tunnel junction 

structure comprising: 

a tunnel barrier layer; 

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

layer; and 

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

said tunnel barrier layer comprises a poly-crystalline MgO in which (00 I) 

crystal plane is preferentially oriented, said MgO having oxygen vacancy defects, 

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

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

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

78. (Previously Presented) A magnetoresistive device having a magnetic tunnel junction 

structure comprising: 

a tunnel barrier layer; 

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

layer; and 

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

barrier layer, wherein 

said tunnel barrier layer comprises a poly-crystalline magnesium oxide having 

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

said tunnel barrier layer has the tunnel barrier height of 0.2 to 0.5 eV, 
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a magnetoresistance ratio of said device is more than 70 %, and 

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

79. (Previously Presented) A magnetoresistive device having a magnetic tunnel junction 

structure comprising: 

a tunnel barrier layer; 

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

layer; and. 

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

barrier layer, wherein 

said tunnel barrier layer comprises a poly-crystalline magnesium oxide m 

which (001) crystal plane is preferentially oriented, 

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

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

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

80. (Previously Presented) A magnetoresistive device having a magnetic tunnel junction 

structure comprising: 

a tunnel barrier layer; 

a first amorphous ferromagnetic material layer formed on a first side of said 

tunnel barrier layer; and 

a second amorphous ferromagnetic material layer formed on a second side of 

said tunnel barrier layer, wherein 

said tunnel barrier layer comprises a poly-crystalline MgOx (0 < x < 1) in 

which (001) crystal plane is preferentially oriented. 

81. (Previously Presented) The magnetoresistive device according to claim 80, wherein 

said first and second amorphous ferromagnetic material layers comprise CoFeB alloy. 

82. (Previously Presented) A magnetoresistive device having a magnetic tunnel junction 

structure comprising: 

a tunnel barrier layer; 

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

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

barrier layer, wherein 

said first and second ferromagnetic material layer comprise an amorphous 

CoFeB alloy and 

said tunnel barrier layer comprises a poly-crystalline magnesium oxide m 

which (001) crystal plane is preferentially oriented, said magnesium oxide having 

oxygen vacancy defects. 

83. (Previously Presented) A magnetoresistive device having a magnetic tunnel junction 

structure comprising: 

a first ferromagnetic material layer; 

a tunnel barrier layer deposited on the first ferromagnetic material layer; and 

a second ferromagnetic material layer formed on said tunnel barrier layer, . 

wherein 

at least said first ferromagnetic material layer is amorphous and 

said tunnel barrier layer comprises a poly-crystalline MgOx (0 < x < I) in 

which (00 I) crystal plane is preferentially oriented. 

84. (Previously Presented) The magnetoresistive device according to claim 83, wherein 

said first ferromagnetic material layer comprises CoFeB alloy. 

85. (Previously Presented) The magnetoresistive device according to claim 83, wherein 

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

86. (Previously Presented) The magnetoresistive device according to claim 85, wherein 

said first ferromagnetic material layer comprises CoFeB alloy. 

87. (Previously Presented) A magnetoresistive device having a magnetic tunnel junction 

structure comprising: 

a first ferromagnetic material layer; 

a tunnel barrier layer deposited on the first ferromagnetic material layer; and 

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

wherein 

at least said first ferromagnetic material layer is amorphous and 
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said tunnel barrier layer comprises a poly-crystalline magnesium oxide in 

which (001) crystal plane is preferentially oriented, said magnesium oxide having 

oxygen vacancy defects. 

88. (Previously Presented) A magnetoresistive device having a magnetic tunnel junction 

structure comprising: 

• a first ferromagnetic material layer; 

a tunnel barrier layer deposited on the first ferromagnetic material layer; and 

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

wherein 

at least said first ferromagnetic material layer is amorphous and 

said tunnel barrier layer comprises a poly-crystalline magnesium oxide in 

which (001) crystal plane is preferentially oriented. 

89. (Previously Presented) A memory device comprising: 

a transistor; and 

a magnetoresistive device comprising a tunnel barrier layer; a first 

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

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

layer, wherein 

said tunnel barrier layer is formed by a single-crystalline [(001)] MgOx (001) 

(0 < x < I) or a poly-crystalline MgOx (0 < x < 1) in which (00 I) crystal plane is 

preferentially oriented, wherein 

the tunnel barrier height of said tunnel barrfor layer is in the range of 0.2 to 

0.5 eV and 

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

90. (Withdrawn) A tunnel barrier layer comprising a poly-crystalline MgOx (0 < x < 1) in 

which (001) crystal plane is preferentially oriented and having the tunnel barrier 

height of 0.2 to 0.5 eV. 

91. (Withdrawn) A tunnel barrier layer used for a magnetoresistive device having an 

output voltage of more than 200 m V, wherein 

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

the tunnel barrier height of said tunnel barrier layer is in the range of 0.2 to 

0.5 eV. 

92. (Withdrawn) A tunnel barrier layer used for a magnetoresistive device having an 

output voltage of more than 200 mV, wherein 

said tunnel barrier layer is formed by a poly-crystalline MgO in which (001) 

crystal plane is preferentially oriented, said MgO having oxygen vacancy defects and 

the tunnel barrier height of said tunnel barrier layer is in the range of 0.2 to 

0.5 eV. 

93. (Withdrawn) A tunnel barrier layer deposited on a ferromagnetic material layer, 

wherein 

said tunnel barrier layer is formed by a poly-crystalline MgOx (0 < x < I) in 

which (00 I) crystal plane is preferentially oriented and 

the tunnel barrier height of said tunnel barrier layer is in the range of 0.2 to 0.5 

eV. 

94. (Withdrawn) A tunnel barrier layer deposited on an amorphous ferromagnetic 

material layer, wherein 

said tunnel barrier layer is formed by a poly-crystalline MgOx (0 < x < I) in 

which (00 I) crystal plane is preferentially oriented. 

9~. (Withdrawn) The tunnel barrier layer according to claim 94, wherein said amorphous 

ferromagnetic material is CoFeB alloy. 

96. (Withdrawn) The tunnel barrier layer according to claim 94, wherein said tunnel 

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

97. (Withdrawn) The tunnel barrier layer according to claim 96, wherein said 

ferromagnetic material is CoFeB alloy. 

98. (Withdrawn) A tunnel barrier layer deposited on an amorphous ferromagnetic 

material layer, wherein 
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said tunnel barrier layer comprises a poly-crystalline magnesium oxide in 

which_ (001) crystal plane is preferentially oriented, said magnesium oxide having 

oxygen vacancy defects. 

99. (Withdrawn) The tunnel barrier layer according to claim 98, wherein said 

ferromagnetic material comprises CoFeB alloy. 

100. (Withdrawn) A tunnel barrier layer deposited on an amorphous ferromagnetic 

material layer, wherein 

said tunnel barrier layer comprises a poly-crystalline magnesium oxide 

in which (001) crystal plane is preferentially oriented. 

101. (Withdrawn) The tunnel barrier layer according to claim 100, wherein said 

ferromagnetic material comprises CoFeB alloy. 

102. (Previously Presented) A method of manufacturing a magnetoresistive device 

comprising: 

preparing a substrate; 

depositing a first amorphous ferromagnetic material layer on said substrate; 

forming an amorphous MgO or MgOx (0 < x < 1) layer on said first 

amorphous ferromagnetic material layer and then crystallizing said amorphous MgO 

or MgOx (0 < x < -1) layer by annealing so as to form a tunnel barrier layer comprising 

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

preferentially oriented; and 

depositing a second amorphous ferromagnetic material layer on said tunnel 

barrier layer. 

103. (Previously Presented) The method of manufacturing a magnetoresistive device 

according to claim 102, wherein the method further comprises an annealing step as to 

partially or entirely crystallize said amorphous ferromagnetic material layer or layers. 

104. (Previously Presented) A method of manufacturing a magnetoresistive device 

comprising; 

preparing a substrate; 
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depositing a first amorphous ferromagnetic material layer on said substrate; 

forming an amorphous magnesium oxide layer on said first amorphous 

ferromagnetic material layer and then crystallizing said amorphous magnesium oxide 

layer by annealing so as to form a tunnel barrier layer comprising a poly-crystalline 

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

depositing a second amorphous ferromagnetic material layer on said tunnel 

barrier layer. 

105. (Previously Presented) The method of manufacturing a magnetoresistive device 

according to claim 104, wherein the method further comprises an annealing step as to 

partially or entirely crystallize said amorphous ferromagnetic material layer or layers. 

106. (Withdrawn) A method of manufacturing a part of magnetoresistive device having a 

magnetic tunnel junction structure comprising: 

preparing a substrate; 

depositing a first amorphous ferromagnetic material layer on said substrate; 

forming an amorphous magnesium oxide layer on said first amorphous 

ferromagnetic material layer and then crystallizing said amorphous magnesium oxide 

layer by annealing so as to form a tunnel barrier layer comprising a poly-crystalline 

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

107. (Withdrawn) The method of manufacturing a part of magnetoresistive device having a 

magnetic tunnel junction structure according to claim 106, wherein said poly­

crystalline magnesium oxide has oxygen vacancy defects. 

108. (Withdrawn) The method of manufacturing a part of magnetoresistive device having a 

magnetic tunnel junction structure according to claim 106, wherein said ferromagnetic 

material is CoFeB alloy. 

109. (Withdrawn) The method of manufacturing a part of magnetoresistive device having a 

magnetic tunnel junction structure according to claim 108, wherein said poly­

crystalline magnesium oxide has oxygen vacancy defects. 

110. (Previously Presented) A magnetic multilayer film comprising: 
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a first ferromagnetic material layer comprising an amorphous magnetic alloy; 

a second ferromagnetic material layer comprising an amorphous magnetic 

alloy;and 

a crystall~ne magnesium oxide layer located between said first ferromagnetic 

material· 1ayer and said second ferromagnetic material layer. 

111. (Previously Presented) The magnetic multilayer film according to claim 110, wherein 

said crystalline magnesium oxide is a poly-crystalline magnesium oxide m 

which (001) crystal plane is preferentially oriented. 

112. (Previously Presented) The magnetic multilayer film according to claim 110, wherein 

each of said ferromagnetic materials comprises CoFeB alloy. 

113. (Previously Presented) The magnetic multilayer film according to claim 112, wherein 

said crystalline magnesium oxide is a poly-crystalline magnesium oxide in which 

(001) crystal plane is preferentially oriented. 

114. (Previously Presented) A magnetic multilayer film comprising: 

a first ferromagnetic material layer; 

a second ferromagnetic material layer; and 

a crystalline magnesium oxide layer located between said first ferromagnetic 

material layer and said second ferromagnetic material layer, said magnesium oxide 

layer has oxygen vacancy defects. 

115. (Previously Presented) A multilayer structure comprising: 

a first ferromagnetic material layer comprising an amorphous CoFeB alloy; 

a crystalline magnesium oxide layer deposited on said first ferromagnetic 

layer; and 

a second ferromagnetic material layer deposited on said crystalline magnesium 

oxide layer. 

116. (Previously Presented) The multilayer structure according to claim 115, wherein said 

crystalline magnesium oxide is poly-crystalline magnesium oxide. 

11 

WD EX1002 
Western Digital v IP Bridge 

Page 217



117. (Previously Presented) The multilayer structure according to claim 115, wherein said 

crystalline magnesium oxide is poly-crystalline magnesium oxide in which (001) 

crystal plane is preferentially oriented. 

118. (Previously Presented)The multilayer structure according to claim 115, wherein said 

amorphous magnetic material layer have been partially or entirely crystallized by 

post-annealing. 

119. • (Previously Presented) The multilayer structure according to claim 117, wherein said 

amorphous magnetic material layer have been partially or entirely crystallized by 

post-annealing. 
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REMARKS 

The following remarks are being submitted as a full and complete response to the 

Office Action dated May 12, 2009. In view of the following remarks, the Examiner is 

respectfully requested to proceed with examination of the application on the merits, to 

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

Restriction Requirement 

In response to the Examiner's restriction requirement set forth in the above-mentioned 

Office Action, Applicants hereby elect the continued prosecution of the invention identified 

as Species Al as recited in claims 66-89, 102-105 and 110-119, without traverse. Applicants 

understand that all the non-elected species and their corresponding claims are hereby 

withdrawn from further consideration in this pending application. Applicants hereby reserve 

the right to file divisional applications on such non-elected inventions. 

Conclusion 

Favorable consideration of this application is respectfully solicited. Should there be 

any outstanding issues requiring discussion that would further the prosecution and allowance 

of the above-captioned application, the Examiner is invited to contact the Applicants' 

undersigned representative at the address and phone number indicated below. 

REED SMITH LLP 
3110 Fairview Park Drive 
Suite 1400 
Falls Church, Virginia 22042 
(703) 641-4200 

June 12, 2009 

Respectfully submitted, 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 

YUASA Art Unit 2892 

Examiner 
Application Number: 10/591,947 

Filed: September 8, 2006 

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

Alonzo CHAMBLISS 

For: MAGNETIC TUNNEL JUNCTION DEVICE AND 

METHOD OF MANUFACTURING THE SAME 

Attorney Docket No. HIRA.0236 

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

COVER LETTER 
Sir: 

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

FOR TOTAL WITH TOTAL CLAIMS 
NEW CURRENTLY ON ALREADY 

CLAIMS FILE PAID 
Ann.vn. 

Total Claims 54 54 
(Ov1r~O) 

I ndefc~ndent 26 26 23 
C aims (Over 3) 

MULTIPLE 
DEPENR5NT 
CLAIMS 

R~Q,Uf.l:I~N FOR FILING BY SMALL ENTITY (note 3 7 C.F.R. §§ 1.9, 
) __ ,, .2 2· 
If APPLIC BLE, VERIFIED STATEMENT MUST BE ATTACHED 

TOTAL 

RATE CALCULATION 

X $52 0 

x$220 0 

+$390 0 

x½ 

0 

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

[ x ] Response/ Amendment to Office Action [ 
(with Claim Election) [ 

[ ] Preliminary Amendment [ 
[ ] Substitute Specification [ 
[ ] Terminal Disclaimer [ 

] Petition for _-month Extension of Time 
] Information Disclosure Statement w/ form 1449 
] 
] 
] 

Letter to Draftsperson 
_ sheets of replacement drawings 
Request for Continued Examination 
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,) 

[ ] Please charge my Deposit Account Number ____ in the amount of ____ to cover 
the fees for _______ A duplicate copy of this paper is enclosed. 

[ ] A check in the amount of $ ______ to cover the ________ fee is enclosed. 

[ x ] The Commissioner is hereby authorized to charge any additional fees associated with this 
communication, or credit any overpayment to Deposit Account Number 08-1480. 

REED SMITH LLP 
3110 Fairview Park Drive, Suite 1400 
Falls Church, Virginia 22042 
(703) 641-4200 
June 12, 2009 

Respectfully submitted, 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 

.YUASA Art Unit 2892 

Examiner 
Application Number: 10/591,947 

Filed: September 8, 2006 

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

Alonzo CHAMBLISS 

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

Attorney Docket No. HIRA.0236 

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

COVER LETTER 
Sir: 

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

FOR TOTAL WITH TOTAL CLAIMS 
NEW CURRENTLY ON ALREADY 

CLAIMS FILE PAID 
Ann .... n 

Total Claims 54 54 rovJ'\m 

lndegendent 26 26 23 
C aims (Over 3) 

MULTIPLE 
DEPENB~NT 
CLAIMS 

REDU~TI~N FOR FILING BY SMALL ENTITY (note 37 C.F.R. §§ 1.9, 
l.27p .2 ~-
IF A PLIC BLE, VERIFIED STATEMENT MUST BE ATTACHED 

TOTAL 

RATE CALCULATION 

X $52 0 

x$220 0 

+ $390 0 

x½ 

0 

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

[ x ] Response/ Amendment to Office Action [ ] Petition for _-month Extension of Time 
(with Claim Election) [ ] Information Disclosure Statement w/ form 1449 

[ ] Preliminary Amendment [ ] Letter to Draftsperson 
[ ] Substitute Specification [ ] _ sheets of replacement drawings 
[ ] Terminal Disclaimer [ ] Request for Continued Examination 
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[ ] Please charge my Deposit Account Number ____ in the amount of ____ to cover 
the fees for _______ A duplicate copy of this paper is enclosed. 

[ ] A check in the amount of $ ______ to cover the ________ fee is enclosed. 

[ x ] The Commissioner is hereby authorized to charge any additional fees associated with this 
communication, or credit any overpayment to Deposit Account Number 08-1480. 

REED SMITH LLP 
3110 Fairview Park Drive, Suite 1400 
Falls Church, Virginia 22042 
(703) 641-4200 
June 12, 2009 

Respectfully submitted, 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 

YUASA Art Unit 2892 

Examiner 
Application Number: 10/591,947 
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I ndefc~ndent 26 26 23 
C aims (Over 3) 
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DEPENR5NT 
CLAIMS 

R~Q,Uf.l:I~N FOR FILING BY SMALL ENTITY (note 3 7 C.F.R. §§ 1.9, 
) __ ,, .2 2· 
If APPLIC BLE, VERIFIED STATEMENT MUST BE ATTACHED 

TOTAL 

RATE CALCULATION 

X $52 0 

x$220 0 

+$390 0 

x½ 

0 

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

[ x ] Response/ Amendment to Office Action [ 
(with Claim Election) [ 

[ ] Preliminary Amendment [ 
[ ] Substitute Specification [ 
[ ] Terminal Disclaimer [ 

] Petition for _-month Extension of Time 
] Information Disclosure Statement w/ form 1449 
] 
] 
] 

Letter to Draftsperson 
_ sheets of replacement drawings 
Request for Continued Examination 
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[ ] Please charge my Deposit Account Number ____ in the amount of ____ to cover 
the fees for _______ A duplicate copy of this paper is enclosed. 

[ ] A check in the amount of $ ______ to cover the ________ fee is enclosed. 

[ x ] The Commissioner is hereby authorized to charge any additional fees associated with this 
communication, or credit any overpayment to Deposit Account Number 08-1480. 

REED SMITH LLP 
3110 Fairview Park Drive, Suite 1400 
Falls Church, Virginia 22042 
(703) 641-4200 
June 12, 2009 

Respectfully submitted, 

2 

WD EX1002 
Western Digital v IP Bridge 

Page 225



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
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.YUASA Art Unit 2892 

Examiner 
Application Number: 10/591,947 
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[ ] Please charge my Deposit Account Number ____ in the amount of ____ to cover 
the fees for _______ A duplicate copy of this paper is enclosed. 

[ ] A check in the amount of $ ______ to cover the ________ fee is enclosed. 

[ x ] The Commissioner is hereby authorized to charge any additional fees associated with this 
communication, or credit any overpayment to Deposit Account Number 08-1480. 

REED SMITH LLP 
3110 Fairview Park Drive, Suite 1400 
Falls Church, Virginia 22042 
(703) 641-4200 
June 12, 2009 

Respectfully submitted, 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 
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38327 7590 11/23/2009 

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 
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ART UNIT PAPER NUMBER 
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Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 
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Office Action Summary 

Application No. 

10/591,94 7 

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 ;l_ 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 12 June 2009. 

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)[8J Claim(s) 66-89.102-105 and 110-119 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[8J Claim(s) 66-89.102-105 and 110-119 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)[8J The specification is objected to by the Examiner. 

10)[8J The drawing(s) filed on 08 September 2006 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 PT0-152. 

Priority under 35 U.S.C. § 119 

12)1Zl Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)IZ! All b)O Some* c)O None of: 

1.IZ! 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) 0 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 9/8/06.1/22/08.8/7/08. 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20091026 
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Application/Control Number: 10/591,94 7 

Art Unit: 2892 

DETAILED ACTION 

Election/Restrictions 

Page 2 

1. Applicant's election without traverse of claims 66-89, 102-105, and 110-119 in 

the reply filed on 6/12/09 is acknowledged. 

Priority 

2. Receipt is acknowledged of papers submitted under 35 U.S.C. 119(a)-(d), which 

papers have been placed of record in the file. 

Information Disclosure Statement 

3. The information disclosure statement (IDS) submitted on 9/8/06,1/22/08, and 

8/7/08 was filed before the mailing date of the non-final rejection on 10/26/09. The 

submission is in compliance with the provisions of 37 CFR 1.97. Accordingly, the 

information disclosure statement is being considered by the examiner. 

Drawings 

4. Figures 8A, 8B, 9A, 9B, and 9C should be designated by a legend such as --Prior 

Art-- because only that which is old is illustrated. See MPEP § 608.02(9). Corrected 

drawings in compliance with 37 CFR 1.121 (d) are required in reply to the Office action 

to avoid abandonment of the application. The replacement sheet(s) should be labeled 

"Replacement Sheet" in the page header (as per 37 CFR 1.84(c)) so as not to obstruct 

any portion of the drawing figures. If the changes are not accepted by the examiner, the 
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Application/Control Number: 10/591,94 7 

Art Unit: 2892 

Page 3 

applicant will be notified and informed of any required corrective action in the next Office 

action. The objection to the drawings will not be held in abeyance. 

5. The drawings are objected to as failing to comply with 37 CFR 1.84(p)(5) 

because they include the following reference character(s) not mentioned in the 

description: 113. Corrected drawing sheets in compliance with 37 CFR 1.121 (d), or 

amendment to the specification to add the reference character(s) in the description in 

compliance with 37 CFR 1.121 (b) are required in reply to the Office action to avoid 

abandonment of the application. Any amended replacement drawing sheet should 

include all of the figures appearing on the immediate prior version of the sheet, even if 

only one figure is being amended. Each drawing sheet submitted after the filing date of 

an application must be labeled in the top margin as either "Replacement Sheet" or "New 

Sheet" pursuant to 37 CFR 1.121 (d). If the changes are not accepted by the examiner, 

the applicant will be notified and informed of any required corrective action in the next 

Office action. The objection to the drawings will not be held in abeyance. 

Specification 

6. The disclosure is objected to because of the following informalities: Figures 8A 

and 8B are missing from the Brief Description of the drawings. 

Appropriate correction is required. 

7. The title of the invention is not descriptive. A new title is required that is clearly 

indicative of the invention to which the claims are directed. The following title is 

suggested: "MAGNECTIC TUNNEL JUNCTION DEVICE". 
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Application/Control Number: 10/591,94 7 

Art Unit: 2892 

8. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Page 4 

9. Claim 71 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite 

for failing to particularly point out and distinctly claim the subject matter which applicant 

regards as the invention. 

10. In claim 71, the phrase" an output voltage of the device" is vague and indefinite 

since it is not clear from the claim what structure creates the output voltage. 

Claim Rejections - 35 USC § 112 

11. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

12. Claims 66-70, 72, 80-88, 102-105, and 110-119 are rejected under 35 

U.S.C. 112, second paragraph, as being incomplete for omitting essential elements, 

such omission amounting to a gap between the elements. See MPEP § 2172.01. The 

omitted elements are: the tunnel barrier height in a specified eV range. 

13. Claims 72-89, 102-105, and 110-119 are rejected under 35 U.S.C. 112, second 

paragraph, as being incomplete for omitting essential elements, such omission 

amounting to a gap between the elements. See MPEP § 2172.01. The omitted 

elements are: the first and second ferromagnetic material layers having a BCC 

structure. 

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

product of the instant invention. 
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Application/Control Number: 10/591,94 7 

Art Unit: 2892 

Conclusion 

Page 5 

14. Any inquiry concerning the communication or earlier communications from the 

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

272-1927. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Thao Le can be reached on (571) 272-1708. The fax phone number for the 

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

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system Status information for published 

applications may be obtained from either Private PMR or Public PMR. Status 

information for unpublished applications is available through Private PMR only. For 

more information about the PMR system see http://pair-dkect.uspto.gov. Should you 

have questions on access to the Private PMR system contact the Electronic Business 

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

AC/October 26, 2009 /Alonzo Chambliss/ 
Primary Examiner, Art Unit 2892 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

Index of Claims 10591947 YUASA, SHINJI 

Examiner Art Unit 

Alonzo Chambliss 2892 

✓ Rejected Cancelled N Non-Elected A Appeal 

= Allowed Restricted Interference 0 Objected 

□ Claims renumbered in the same order as presented by applicant □ CPA □ T.D. □ R.1.47 
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Final Original 05/11/2009 10/26/2009 
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Reexamination 
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Examiner Art Unit 

Alonzo Chambliss 2892 

✓ Rejected Cancelled N Non-Elected A Appeal 
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ATTORNEY DOCKET No. HIRA.0236 

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

Sir: 

LETTER 

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

Art Unit 2827 

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

(x) Information Disclosure Statement 
with Form-1449 and reference(s) 

( ) Credit Card form payment 

~ 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 
December 4, 2009 

156629:1:ALEXANDRIA 

Respectfully submitted, 

:£JU 
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Filed: September 8, 2006 
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METHOD OF MANUFACTURING THE SAME 

ATTORNEY DOCKET No. HIRA.0236 

Commissioner of Patents 
PO Box 1450 
Alexandria, VA 22313-1450 
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) 
) 
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) 
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) 
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) 
) 

Art Unit 2827 

INFORMATION DISCLOSURE STATEMENT 

Sir: 

Pursuant to 37 C.F.R. §§ 1.56 and 1.97, this Information Disclosure Statement is 

submitted in the above-identified patent application. A listing of documents to be published on 

the face of any patent granted from this application is submitted herewith on Form PT0-1449. 

Any other documents or information submitted for consideration by the Examiner are listed in 

this paper. A copy of each foreign patent, or each publication or portion thereof listed or herein 

identified, is submitted herewith. 

CERTIFICATION 

This Information Disclosure Statement is submitted after three months from the filing 

date of the above-identified U.S. patent application and after the mailing date of the first Office 

Action on the merits of the above-identified application, but prior to issuance of the earlier of 

any Final Action or Notice of Allowance sent in such application. 

It is also hereby certified that each item of information contained in this statement was 

cited in a communication from a foreign patent office in a counterpart foreign application not 

more than three months from the date of this filing. Therefore, no fee is due at this time. 
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The Examiner is requested to acknowledge consideration of the information provided in 

this paper in accordance with prescribed procedures. 

Please charge any additional fees or credit any overpayments in connection with this 

paper to Deposit Account No 12-0555. 

STITES & HARBISON, PLLC 
1199 N. Fairfax Street, Suite 900 
Alexandria, Virginia 22314 
(703) 739-4900 
December 4, 2009 
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Respectfully submitted, 
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t IN E UNITED STATES PATENT AND TRADEMARK OFFICE 
cf ~AO~~~ 

In re U.S. Patent Application of 

YUASA 

Application Number: 10/591,947 

Filed: September 8, 2006 

For: MAGNETIC TUNNEL JUNCTION DEVICE AND 
MEMORY DEVICE INCLUDING THE SAME 
(AS AMENDED) 

ATTORNEY DOCKET No. HIRA.0236 

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 r_esponse to the Office Action mailed on November 23, 2009, the period of 

response to which is set to expire on March 23, 2010, with the payment of the appropriate 

extension fees for an extension of time of one month. Please amend the above-referenced 

application as follows: 
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IN THE DRAWINGS: 

Please amend/replace Figures 8(A)-9(C) with the substitute Figures 8(A)-9(C) provided 

in the replacement sheets of drawings submitted herewith. Each of Figures 8(A)-9(C) is being 

designated with a legend indicating that the illustration therein is prior art. 
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IN THE SPECIFICATION: 

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

MAGNETIC TUNNEL JUNCTION DEVICE AND MEMORY DEVICE 

INCLUDINGMETHOD OF MA}HJFACTURING THE SAME 

Please amend/replace paragraphs [0006] and [0023] of the instant application as follows: 

[0006] FIG. 9 shows an example of the basic structure of the MRAM. FIG. 9(A) shows a 

perspective view of the MRAM, and FIG. 9(B) schematically shows a circuit block diagram. 

FIG. 9(C) is a cross-section of an example of the structure of the MRAM. Referring to FIG. 

9(A), in an MRAM, a word line WL and a bit line BL are disposed in an intersecting manner, 

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

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

directly connected to the MTJ device. Stored information can be read by reading the resistance 

value of the MTJ device that functions as a load resistance, using the MOSFET. The stored 

information can be· rewritten by applying a magnetic field to the MTJ device, for example. As 

shown in FIG. 9(C), an MRAM memory cell comprises a MOSFET 100 including a source 

regio·n [[105]]103 and a drain region [[103]]105 both formed inside a p-type Si substrate 101, 

and a gate electrode 111 formed on a channel region that is defined between the source and drain 

regions. The MRAM also comprises a MTJ device 117. The source region [[105]]103 is 

grounded via a source junction 113, and the drain region 105 is connected to a bit line BL via ~ 

drain junction 115 and the MTJ device. A word line WL is connected to the gate electrode 111 

in a region that is not shown. 

[0023] Ng;--&Figs. 8(A) and 8(B) show[[s]] the structure of the MTJ device and its operating 

principle. 
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IN THE CLAIMS 

Claims 68, 69, 72, 75, 77, 78, 84, and 89 are pending in this application, wherein claims 

66, 67, 70, 71, 73, 74, 76, 79-83, 85-88, and 90-119 are being canceled without prejudice or 

disclaimer, and wherein claims 68, 69, 72, 75, 77, 78, 84, and 89 are being amended to improve 

form, as follows: 

1-67. (Canceled) 

68. (Currently Amended) [[The]]A magnetoresistive device aeeardiE:g te elaim 67,having a 

tunnel barrier junction structure, the magnetoresistive device comprising: 

a tunnel barrier layer: 

a first ferromagnetic material layer of a BCC structure formed on a first side of 

said tunnel barrier layer: and 

a second ferromagnetic material layer of the BCC structure formed on a seCOJ?.d 

side of said tunnel barrier layer, wherein 

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

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

oriented, and 

wherein [[the]]~ tunnel barrier height between a bottom of a conduction band of 

said tunnel barrier layer and a Fermi energy of at least one of said first and second 

ferromagnetic layers is a discontinuous value in [[the]]~ range of 0.2 to 0.5 eV. 

69. (Currently Amended) The magnetoresistive device according to claim [[67]]68, wherein 

said ferromagnetic material comprises a single-crystalline (001) of Fe or Fe-based 

alloy, or a poly-crystalline of Fe or Fe-based alloy in which (001) crystal plane is 

preferentially oriented. 

70-71. (Canceled). 

72. (Currently Amended) A magnetoresistive device_. comprising: 

a first ferromagnetic material layer of [[the]]~ BCC structure; 

-4-
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a second ferromagnetic material layer of the BCC structure; and 

a magnesium oxide layer located between said first ferromagnetic material layer 

and said second ferromagnetic material layer, wherein 

said magnesium oxide is a single-crystalline (001) or a poly-crystalline 

crystalline in which (001) crystal plane is preferentially oriented,[[ and]] 

wherein said magnesium oxide has oxygen vacancy defects, and 

wherein said magnesium oxide has a tunnel barrier height in a range of 0.2 to 

0.5 eV. 

73-74. (Canceled). 

75. (Currently Amended) The magnetoresistive device according to claim [[73]]68, wherein 

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

76. (Canceled). 

77. (Currently Amended) Amagnetoresistive device having a magnetic tunnel junction 

structure comprising: 

a tunnel barrier layer; 

a first ferromagnetic material.layer of a BCC structure formed on a first side of 

said tunnel barrier layer; and 

a second ferromagnetic material layer of the BCC structure formed on a second 

side of said tunnel barrier layer; wherein 

said tunnel barrier layer comprises a poly-crystalline MgO in which (001) 

crystal plane is preferentially oriented, said MgO having oxygen vacancy defects, 

wherein said tunnel barrier layer has [[the ]]i! tunnel barrier height of 0.2 to 0.5 

eV, and 

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

oHtpat voltage of saiEl deviee is more than 200 mV at room temperature. 
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78. (Currently Amended) A magnetoresistive device having a magnetic tunnel junction 

structure, the magnetoresistive device comprising: 

a tunnel barrier layer; 

a first ferromagnetic material layer of a BCC structure formed on a first side of 

said tunnel barrier layer; and 

a second ferromagnetic material layer of the BCC structure formed on a second 

side of said tunnel barrier layer, wherein 

said tunnel barrier layer comprises a poly-crystalline magnesium oxide having 

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

said tunnel barrier layer has [[the]]!! tunnel barrier height of 0.2 to 0.5 eV, and 

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

voltage of said aevioe is meFe than 200 mV at rnem tempernturo. 

79-83. (Canceled). 

84. (Currently Amended) The magnetoresistive device according to claim [[83]]68, wherein 

said first ferromagnetic material layer comprises CoFeB alloy. 

85-88. (Canceled). 

89. (Currently Amended) A memory device comprising: 

a transistor; and 

a magnetoresistive device comprising a tunnel barrier layer; 

a first ferromagnetic material layer of a BCC structure formed on a first side of 

said tunnel barrier layer; and 

a second ferromagnetic material layer of the BCC structure formed on a second 

side of said tunnel barrier layer, wherein 

said tunnel barrier layer is formed by a single-crystalline [(001)] MgOx (001) 

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

preferentially oriented, wherein 
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[[the]]g tunnel barrier height of said tunnel barrier layer is in [[the]]g range of 

0.2 to 0.5 eV and 

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

90-119. (Canceled). 

-7-

WD EX1002 
Western Digital v IP Bridge 

Page 257



REMARKS 

The above amendments to the above-captioned application along with the following 

remarks are being submitted as a full and complete response to the Office Action dated 

November 23, 2009 (U.S. Patent Office Paper No. 20091026). In view of the above amendments 

and the following 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 68, 69, 72, 75, 77, 78, 84, and 89 stand for consideration in this 

application, wherein claims 66, 67, 70, 71, 73, 74, 76, 79-83, 85-88, and 90-119 are being 

canceled without prejudice or disclaimer, and wherein claims 68, 69, 72, 75, 77, 78, 84, and 89 

are being amended to improve form. 

All amendments to the application are fully supported therein. For example, the 

amendments to the claims are support~d by paragraphs [0015], [0027]-[0028], [0032]-[0033], 

and [0036]-[0039], as well as by Figures l(A)-2(D) and 5. 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 Figures 8(A)-9(C) of the drawings, stating that these figures 

should each be designated by a legend indicating that the illustration is prior art. As set forth 

above, a set of replacement sheets of corrected drawings, in which each of Figures 8(A)-9(C) are 

designated by a legend indicating that the illustration is prior art, thereby rendering moot and/or 

obviating this objection. 

The Examiner also objected to the drawings as failing to comply with 37 CFR 1.84(p)(5) 

for including reference character "113" not mentioned in the description. As set forth above, 

paragraph [0006] of the specification is being amended to correctly indicate that reference 

character "113" refers to "a source junction," thereby rendering moot and/or obviating this 

objection. 

The Examiner objected to the specification for failing to reference Figures SA and 8B in 

the Brief Description of the Drawings. As set forth above, paragraph [0023] of the specification 
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is being amended to specifically reference Figures SA and 8B, thereby rendering moot and/or 

obviating this objection. 

The Examiner also objected to the specification for having a Title of the Invention that is 

not sufficiently descriptive of the invention to which the claims are directed. As set forth above, 

the Title of the Invention is being amended to "Magnetic Tunnel Junction Device and Memory 

Device Including the Same," thereby rendering moot and/or obviating this objection. 

The Examiner rejected claim 71 under 35 U.S.C. §112, second paragraph, as being 

indefinite. In particular, the Examiner stated that the phrase "an output voltage of the device" 

recited in claim 71 _is vague. As set forth above, claim 71 is being canceled without prejudice or 

disclaimer, thereby rendering moot and/or obviating this rejection. 

. The Examiner also rejected claims 66-70, 72, 80-88, 102-105, and 110-119 under 35 

U.S.C. § 112, second paragraph, as being indefinite. In particular, the Examiner stated that these 

claims are incomplete for failure to recite "a tunnel barrier height in a specified eV range." As 

set forth above, each of these claims is either being canceled without prejudice or disclaimer, 

amended to explicitly recite a limitation of a tunnel barrier height of a specified e V range, or 

amended to depend from another claim that explicitly recites a limitation of a tunnel barrier 

height of a specified eV range, thereby rendering moot and/or obviating this rejection of claims 

66-70, 72, 80-88, 102-105 and 110-119. 

The Examiner also rejected claims 72-89, 102-105, and 110-119 under 35 U.S.C. §112, 

second paragraph, as being indefinite. In particular, the Examiner stated that these claims are 

incomplete for failure to recite "first and second ferromagnetic layers having a BCC structure." 

As set forth above, each of these claims is either being canceled without prejudice or disclaimer, 

amended to explicitly recite first and second ferromagnetic layers having a BCC structure, or 

amended to depend from another claim that explicitly recites first and second ferromagnetic 

layers having a BCC structure, thereby rendering moot and/or obviating this rejection of claims 

72-89, 102-105, and 110-119. 

Conclusion 

In view of all the above, Applicants respectfully submit that the present application is 

now in condition for allowance. Favorable reconsideration of this application as amended is 
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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 22314-143 7 
(703) 739-4900 Voice 
(703) 739-9577 Fax 
Customer No. 38327 

March 23, 2010 

2355LT:00236: 166305: I :ALEXANDRIA 

-10-

Respectfully submitted, 

Nicholas B. Trenkle 
Registration Number 54,500 
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and is scanned and stored in the SCORE database. 

• Drawings 
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documents. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
'? AP 

0 ~ n re U.S. Patent Application of 
~,i ,g 

.. o.1.. ~~ ASA i~, ~ 

1-~ ~# pplication Number: 10/591,947 / 
"~«7R ~t/t!, 

AD Filed: September 8, 2006 

For: MAGNETIC TUNNEL JUNCTION DEVICE AND 
MEMORY DEVICE INCLUDING THE SAME 
(AS AMENDED) 

ATTORNEYDOCKETNO. HIRA.0236 

Commissioner of ~a tents 
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 8 54 34 
(Over 20) 

X $52 0 

Inde~endent 5 26 23 X $220 0 
C aims (Over 3) 

MULTIPLE + $390 0 
DEPENDENT 
CLAIM(S) 

REDUCTION FOR FILING BY SMALL ENTITY (note 37 C.FR. §§ 1.9, 1.27, 1.28). 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 Spec. & marked-up copy 
Preliminary Amendment 
Other: ____ _ 

[ x ] Petition for Extension of Time I month 
[ ] Information Disclosure Statement 
[ x ] 2 sheets of replacement drawings 
[ ] RCE 
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[ ] Please charge my Deposit Account Number ___ in the amount of ___ to cover the fees for 

[ x ] Credit card information for $130.00 to cover the I •month extension of time fee is enclosed. 

[ x ] The Commissioner is hereby authorized to charge any additional fees associated with this 
communication, including fees under 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, VA 22314 
Telephone: (703) 739-4900 
Facsimile: (703) 739-9577 
Customer No. 38327 
March 23, 2010 

166418:1:ALEXANDRIA 

Respectfully submitted, 
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In re U.S. Patent Application of 

YUASA 

Application Number: 10/591,947 

Filed: September 8, 2006 

For: MAGNETIC TUNNEL JUNCTION DEVICE AND 
MEMORY DEVICE INCLUDING THE SAME 

(AS AMENDED} 

ATTORNEY DOCKET No. HIRA.0236 

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

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

Art Unit 2892 

Examiner 
Alonzo Chambliss 

PETITION FOR EXTENSION OF TIME 

Sir: 
Applicants request that the time for taking action in this case be extended pursuant to 3 7 

C.F.R. § 1.136(a) for one (1) month. The fee set in 37 C.F.R. § 1.17 for the extension of time is 

$130.00 for a large entity. 

Please charge any additional fee required for this extension of time to Deposit 

Account 12-0555. 

Also filed is a Response/Amendment to Office Action.· 

STITES & HARBISON PLLC 
1199 North Fairfax Street, Suite 900' 
Alexandria, VA 22314 
Telephone: (703) 739-4900 
Facsimile: (703) 739-9577 
Customer No.: 38327 
March 23, 2010 · 

166417:1 :ALEXANDRIA 

Respectfully submitted, 

u ,. .. A, ........... quez 
Registration Number 34,072 
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Notice of Allowability 

Application No. 

10/591,94 7 
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 
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Art Unit: 2892 

DETAILED ACTION 

Page 2 

1. The amendment filed on 3/23/10 has been fully considered and made of record 

in the instant application. 

Drawings 

2. The drawings were received on 3/23/10. These drawings are approved by the 

examiner. 

Information Disclosure Statement 

3. The information disclosure statement (IDS) submitted on 3/23/10 was filed before 

the mailing date of the notice of allowance on 6/1910. The submission is in compliance 

with the provisions of 37 CFR 1.97. Accordingly, the information disclosure statement is 

being considered by the examiner. 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Any inquiry concerning the communication or earlier communications from the 

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

272-1927. 
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Application/Control Number: 10/591,94 7 

Art Unit: 2892 

Page 3 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Thao Le can be reached on (571) 272-1708. The fax phone number for the 

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

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system Status information for published 

applications may be obtained from either Private PMR or Public PMR. Status 

information for unpublished applications is available through Private PMR only. For 

more information about the PMR system see http://pair-dkect.uspto.gov. Should you 

have questions on access to the Private PMR system contact the Electronic Business 

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

AC/June 19, 2010 /Alonzo Chambliss/ 
Primary Examiner, Art Unit 2892 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

re U.S. Patent Application of 

YUASA 

Application Number: 10/591,947 

Filed: September 8, 2006 

For: MAGNETIC TUNNEL JUNCTION DEVICE AND 
MEMORY DEVICE INCLUDING THE SAME 
(AS AMENDED) 

ATTORNEY DOCKET No. HIRA.0236 

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

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 

( ) Credit card form for$ 

IR1 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 
Telephone: (703) 739-4900 
Facsimile: (703) 739-9577 
Customer No.: 38327 
July 6, 2010 

Respectfully submitted, 
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<f'/7:i .S. Patent Application of ) 
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YUASA ) 
) Art Unit 2892 

Application Number: 10/591,947 ) 
i ) Examiner 

Filed: Septemt:,er 8, 2006 ) Alonzo Chambliss 
) 

For: MAGNETIC TUNNEL JUNCTION DEVICE AND ) 
MEMORY DEVICE INCLUDING THE SAME ) 
(AS AMENDED) ) 

) 
ATTORNEY DOCKET No. HIRA.0236 ) 

Commissioner of Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

INFORMATION DISCLOSURE STATEMENT 

Sir: 

Pursuant to 37 C.F.R. §§ 1.56 and 1.97, this Information Disclosure Statement is 

submitted in the above-identified patent application. A listing of documents to be published on 

the face of any patent granted from this application is submitted herewith on Form PT0-1449. 

Any other documents or information submitted for consideration by the Examiner-are listed in 

this paper. A copy of each foreign patent, or each publication or portion thereof listed or herein 

identified, is submitted herewith. 

CERTIFICATION 

This Information Disclosure Statement is submitted after three months from the filing 

date of the above-identified U.S. patent application and after the mailing date of the first Office 

Action on the merits of the above-identified application, but prior to issuance of the earlier of 

any Final Action or Notice of Allowance sent in such application. 

It is also hereby certified that each item of information contained in this statement was 

cited in a communication from a foreign patent office in a counterpart foreign application not 

more than three months from the date of this filing. Accordingly, no fee is due or payable at this 
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time. 

The Examiner is requested to acknowledge consideration of the information provided in 

this paper in accordance with prescribed procedures. 

Please charge any additional fees or credit any overpayments in connection with this 

paper to Deposit Account No 12-0555. 

STITES & HARBISON PLLC 
1199 N. Fairfax Street, Suite 900 
Alexandria, Virginia 22314 
(703) 739-4900 
July 6, 2010 

Respectfully submitted, 
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Exam. Country~Number- Puhl. Date Name Relevance Trans-
Initial* Kind Code If known MM-DD- Patentee or Applicant Passages/Fi lation 

yyyy gs. 

JP 2000-030236 1/28/2000 Hitachi Ltd. Yes 
JP 2001-101645 4/13/2001 Akita Prefecture Yes 
JP 2004-022599 1/22/2004 Sony Corp Yes 
JP 2002-270921 9/20/2002 Toshiba Corp Abstract 

JP 2002-319722 10/31/2002 
Matsushita Electric Ind Co 

Abstract 
Ltd 

WO 2004/025744 A1 3/25/2004 Fujitsu Limited Abstract 
JP 2003-283001 10/3/2003 Toshiba Corp Yes 
JP 2002-246567 8/30/2002 Toshiba Corp Abstract 

Japan Science and Technology 

WO 2005/088745 A1 9/22/2005 
Agency; National Institute of Abstract Advanced Industrial Science and 
Technology 

NON PA TENT 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 /Alonzo Chambliss/ (07/17/20.1 Q)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. 

175022: 1 :ALEXANDRIA 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /AC/ 
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'PART· B - ISSUE FEE (S) TRANS MITT AL 

Complete and mail this form, together with applicable fees, to: Box ISSUE FEE 
Assistant Commissioner for Patents 
Washington, D.C. 20231 

I 
MAILING INSTRUCTIONS: This fonn should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 4 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 
oorrgpgndcnce address· and/or (b) indicating a 1;eparnt<; FEE ADDRESS for maintenance fee notifications 
CURRENT CORRESPONDENCE ADDRESS (Note: Legibly mark-up with any corrections 

STITES & HARBISON, PLCC 
SUITE900 

·o 
Note: The certificate of mailing below can only be used for domestic mailings of the Fee(s) 
Transmittal. This certificate cannot be used for any other accompanying papers. Each 
additional paper, such as an assignment or fonna.l drawing. must have its own cenificate 

Certificate of Mailing 
I 199N. FAIRFAX STREET 
ALEXANDRIA, VA 22314 

I hereby certify that this Issue Fec(s) Transmittal is being deposited with the United States 
Postal Service with sufficient postage for first class mail in an envelop addressed 10 the Box 
Issue Fee address on the date indicated below .. 

De ositor's name 
(Si nature 

(Date) 
APPLICATION NO FILING DATE ATTORNEY DOCKET NO. CONFIRMATION NO. 

10/591,947 09/08/2006 Shinji Yuasa HIRA.0236 8009 

TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE AND MEMORY DEVICE INCLUDING THE SAME 

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

nonprovisional NO $1510 $300 $1810 10/04/2010 

EXAMINER ART UNIT I CLASS - SUBCLASS 

CHAMBLISS, ALONSO 2892 257-421000 
I. Change of correspondence address or indication of □Fee Address" (37 CFR § 1.363). Use of PTO 

fonn(s) and Customer Number are recommended, but not required. 
2. For printing on the patent front page, list (I) 
the names of up to 3 registered patent attorneys 
or agents OR, alternatively, (2) the name of a 
single fum (have as a member a registered 
attorney or agent) and the names ofup to 2 
registered patent attorneys or agents. Ifno 
name is listed, no name will be printed 

I. Stjtes & Harbison PLLC 

D Change of correspondence address (or Change of Correspondence Address form PTO/SB/122) 
attached. 

D "Fee Address" indication (or "Fee Address" Indication fonn PTO/SB/47) attached. 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

2. Juan Carlos A. Marguez, Esq 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is only appropriate when an assignment has been previously submitted to the USPTO 
or is being submitted under scparate cover. Completion of this forrn is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

JAPAN SCIENCE AND TECHNOLOGY AGENCY Saitama, Japan 

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL 
SCIENCE AND TECHNOLOGY Tokyo, Japan 

Please check the appropriate assignee category indicated below (will not be printed on the patent) 0 individual C!ll Col])Oration or private group entity Dgovemmcnt 
4a. The following fees arc enclosed: 

181 Issue fee 
4b. Payment ofFee(s): 

181 Publication Fee 181 Payment by credit card. Form PTO-2038 is attached. 

181 Advance Order - # of Copies: 3 181 The Commissioner is hereby authorized by charge the required fee(s), or 
credit any overpayment, to Deposit Account Number 12-0555. 

The COMMISSIONER OF PATENTS AND T 

(Authorized Sign~ture) 

Juan C.A. Marque, Reg. No. 34,072 
NOTE: The Issue Fee and Publication cc f required) will not be ace m anyone other than the applicant; a 
registered patent attorney or agent; assignee or other party in interest as shown by the records of the Patent and 
Trademark Office 

Burden Hour Swemcnt: This nn is estimated to take 0.2 hours to complete. Time will vary depending on the needs 
of the individual case. Any comments on the amount of time required to complete this fonn should be sent to the 
Chief Information Officer, United Stales Patent and Trademark Office, Washington, D.C. 2023 I. 00 NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND FEES AND THIS FORM TO: Box Issue Fee, 
Assistant Commissioner for Patents, Washington, D.C. 20231 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infonnation unless it 
displays a valid 0MB control number 

PTOL-85 (Rcv.07-01) Approved for use through 01/31/2004. 0MB 0651-0033 

TRANSMIT nus FORM WITH FEE(S) 
Page 2 of3 

08/13/2010 SNOHANMl 00000039 10591947 

01 FC:1501 1510.00 OP 
02 FC:1504 300.00 OP 
03 FC:8001 9.00 OP 

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE 

10/591,947 

38327 7590 

Juan Carlos A. Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

09/21/2010 

09/01/2010 

PATENT NO. 

7800149 

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. 

HIRA.0236 8009 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment is 901 day(s). Any patent to issue from the above-identified application will 
include an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the 
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee 
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management 
(ODM) at (571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Shinji Yuasa, Ibaraki, JAPAN; 

IR103 (Rev. 10/09) 
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o~AJ:> 

\ 
.,, SEP O 2 2010 ° 
'\_ <,\ . ~IJ IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

<f ~Aoa/111-~-.+,: 

In re U.S. Patent Application of 

YUASA. 

Application Number: 10/591,947 

Filed: September 8, 2006 

For: MAGNETIC TUNNEL JUNCTION DEVICE AND 
MEMORY DEVICE INCLUDING THE SAME 
(AS AMENDED) 

ATTORNEY DOCKET No. HIRA.0236 

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

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

Art Unit 2892 

Examiner 
Alonzo Chambliss 

PETITION TO WITHDRAW FROM ISSUE 
UNDER 37 C.F.R. §1.313(c)(2) AFTER PAYMENT OF ISSUE FEE 

Sir: 

Applicant respectfully petitions that the above identified application be withdrawn from 

issue. Withdrawal from issue is necessary in order to consider a Request for Continued 

Examination (RCE) under 37 CFR § l.313(c)(2). 

The issue fee was paid on August 12, 2010. However, Applicant is submitting a new 

Information Disclosure Statement with references presented to the Applicants on August 10, 

2010. We hereby file a Request for Continued Examination in conjunction with filing an 

Information Disclosure Statement. We respectfully request the application be withdrawn from 

issue in order to permit the Examiner to consider the new references. 

09/03/2010 AWOMDAF10000008310591947 
130.03 OP 

• 02 FC:14€.4 
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"'-\ 'Enclosed is a credit card form for $130.00 to cover the required petition fee. The 

commission is hereby authorized to charge any insufficiency or credit any overpayment to 

Deposit Account No. 12-0555. 

STITES & HARBISON, PLLC 
1199 North Fairfax Street, Suite 900 
Alexandria, VA 22314 
Telephone: (703) 739-4900 
Customer No. 38327 
September 2, 2010 

Respectfully submitted, 

-2-
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 

YUASA 

Application Number: 10/591,947 

Filed: September 8, 2006 

For: MAGNETIC TUNNEL JUNCTION DEVICE AND 
MEMORY DEVICE INCLUDING THE SAME 
{AS AMENDED) 

ATTORNEY DOCKET No. HIRA.0236 

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

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

Art Unit 2892 

Examiner 
Alonzo Chambliss 

INFORMATION DISCLOSURE STATEMENT 

Sir: 

Pursuant to 37 C.F.R. §§ 1.56 and 1.97, this Information Disclosure Statement is submitted 

in the above-identified patent application. A listing of documents to be published on the face of any 

patent granted from this application is submitted herewith on Form PT0-1449. Any other 

docum~nts or information submitted for consideration by the Examiner are listed in this paper. A 

copy of each foreign -patent, or each publication or portion thereof listed or herein identified, 

submitted herewith. 

This Information Disclosure Statement is submitted with the initial filing of the RCE. 

Accordingly, no fee is due or payable at this time. 

The Examiner is requested to acknowledge consideration of the information provided in this 

paper in accordance with prescribed procedures. 
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tl 
, Please charge any additional fees or credit any overpayments in connection with this paper to 

Deposit Account No. 12-0555. 

STITES & HARBISON, PLLC 
1199 North Fairfax Street, Suite 900 · 
Alexandria, VA 22314 
Telephone: (703) 739-4900 
Customer No. 38327 
September 2, 2010 

Respectfully submitted, 
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oP 

-o SEP O 2 
~ Customized PTO/SB/08a+b 07-09 

INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 

Sheet 1_ofJ. 

A lication # 10/591,947 
Confirmation # 8009 

Filin Date Se tember 8, 2006 
First Inventor YUASA 

Art Unit 2892 
Examiner Alonzo Chambliss 
Docket# HIRA.0236 

U.S. PA TENT DOCUMENTS 
Exam. Document No. Publ. Date Name Relevance 
Initial* Number - Kind Code MM-DD-YYYY Patentee or APPiicant Passages/Fios. 

FOREIGN PATENT DOCUMENTS 
Exam. Country-Number- Publ. Date Name Relevance Translation 
Initial* Kind Code If known MM-DD- Patentee or. Applicant Passages/Fi 

yyyy gs. 

JP 11-097766 4/9/1999 
Res Inst Electric Magnetic Abstract & 
Alloys 1122 & 23 

NON PA TENT LITERATURE DOCUMENTS 
Exam. Include NAME of the author (in CAPS}, Title of Article/Item, Date, Page(s), Translation 
Initial* Volume-Issue No., Publisher, City and/or Country where published 

F. ERNUL T et al., "Preparation of Nanometer-Scale Iron Dots on Insulating Layer", 
Yes 

Science and Technology of Advanced Materials, Vol. 4, (2003}, DD. 383-389 
DAVID J. SMITH et al., "Structural Characterization of Thin Film Ferromagnetic 
Tunnel Junctions", Journal of Applied Physics, Vol. 83, No. 10, 15 May 1998, pp. Yes 
5154-5158 
X. W. LI et al., "Fabrication and Properties of Heteroepitaxial Magnetite (Fe3O4) 
Tunnel Junctions", Applied Physics Letters, Vol. 73, No. 22, 30 November 1998, Yes 
DD.3282-3284 
C. L. PLATT, et al., "Spin Polarized Tunneling in Reactively Sputtered Tunnel 

Yes 
Junctions", Journal of AoDlied Physics, Vol. 81, No. 8, 15 April 1997, oo. 5523-5525 
P. TURBAN et al., "Growth and Characterization of Single Crystalline NiMnSb Thin 
Films and Epitaxial NiMnSb/MgO/NiMnSb(001) Trilayers", 2002 The American Yes 
Phvsical Society, Physical Review B., Vol. 65 DD. 134417-1 to 134417-13 
T. MORIYAMA et al., "Preparation and Magnetoresistance in Single-Crystal and 
Polycrystal Fe/MgO/FeCo Tunnel Junctions", The Physical Society of Japan, 2003 Yes 
Soring meeting, Abstracts Book 58(1-3), 460, (2003-03-06) 
JAGADEESH S. MOODERA et al., "Ferromagnetic-Insulator-Ferromagnetic 
Tunneling: Spin-Dependent Tunneling and Large Magnetoresistance in Trilayer 

Yes 
Junctions (Invited), Journal of Applied Physics, Vol. 79, No. 8, 15 April 1996, pp. 
4724-4729 
MASAYOSHI TONOUCHI et al., "Epitaxial Growth of NbN on an Ultrathin 
MgO/Semiconductor System", Journal of Applied Physics, Vol. 62, No. 3, 1 August Yes 
1987, DO. 961-966 

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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# f5fevy 
Customized PTOISB/30 04-09 / 

REQUEST FOR 

CONTINUED EXAMINATION 

(RCE) Transmittal 

A lication # 10/591,947 _,,. 
Confirmation # 8009 

Filin Date Se tember 8, 2006 
First Inventor YUASA 

Art Unit 2892 
Examiner Alonzo Chambliss 

Mail Stop RCE Docket # HI RA. 0236 

This is a Request for Continued Examination under 37 CFR § 1.114 of the above-noted application. 
RCE practice does not apply to any utility application filed prior to June 8, 1995, or to any design application. 
Prosecution must be closed. 

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 

under 37 CFR § 1.114 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: 

[Z] Enclosed 
[Z] Information Disclosure Statement D AmendmenUResponse to Office Action 

D Affidavit( s )/Declaration [Z] Other: Petition to Withdraw from Issue under 
37 C.F.R. §1.313(c)(2) after Payment 
of Issue Fee 

Miscellaneous 

D 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 ___ _ 

D Other: 

FEES calculated below (after reduction for an amendment if noted above . 
NOW Basic/Previous Number Present Extra Rate _j 

0 TOTAL CLAIMS 8 8 X $ 52 = ------------+-------+------□ INDEPENDENT CLAIMS 5 5 X $ 220 = '---~---------~-----~-----t 
[Z] RCE fee required under 37 CFR 1.17(e) $ 810 = 810 

TOTAL OF ABOVE CALCULATIONS = 810 
~----1 D Reduction by ½ for small entity status of applicant 

SUBTOTAL= 

D Extension of time fee months = 
____ .... 

i:zl Other fee for Petition to Withdraw from Issue (37 CFR §§ 1.136 and 1.17) = 

TOTAL OF ALL FEES= 
i:zl Payment of $940 is made by: [Z] CREDIT CARD (Form PT0-2038 is enclosed). 

□ ELECTRONIC FUNDS TRANSFER submitted herewith. 
i:zl The Director is authorized to charge any fee, additional fee or extension fee due in connection 

herewith to Deposit Accou'nt No. 12-0555: 

130 

(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 
re uired to render this submission timel . 

Date: September 2, 201 O 

Signed 
Attorney of R Registration 

STITES & HARBISON PLLC • 1199 orth Fairfax St. • Suite 900 • Alexandria, VA 22314 
TEL: 703-739-4900 • FAX: 703-739-9577 • CUSTOMER NO. 38327 

179920: 1 :ALEXANDRIA 

610.00 P 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

Date 

TO 

FROM 

September 10, 2010 

Director, Office of Patent Publication 

Office of the Deputy Coinmiss·ioner 
for Patent Examination Policy 

SUBJECT Withdrawal from Issue of Application No. 10/591,947 

Applicant(s) 
Application No. 
Filed 

Shinji Yuasa 
10/591,947 
September 8, 2006 

Commissioner for Patents 
United States Patent and Trademark Office 

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

www.uspto.gov 

The above-identified application has been assigned Patent No. 7,800,149 and an issue date of 
September 21, 2010. 

It is hereby directed that this application be withdrawn from issue at the request of the applicant. 

Do not refund the issue fee. 

The following erratum should be published in the Official Gazette if the above-identified 
application is published in the OG of: September 21, 2010. 

"All reference to Patent No. 7,800,149 to Shinji Yuasa of Japan for MAGNETIC 
TUNNEL JUNCTION DEVICE AND MEMORY DEVICE INCLUDING THE 
SAME appearing in the Official Gazette or September 21, 2010 should be deleted 
since no patent was granted." • • • • 

/Irvin Dingle/ 
Irvin Dingle 
Petitions Examiner 
Office of Petitions 

cc: Paul Harrison 
Deneise Boyd (DMB) 
Mary Louise McAskill 
Niomi Farmer 
Mary E. Johnson (Cookie) 
Duane Davis (CDS) 
Bradley Harris 
Kimberly Terrell 
Kay Pinkney 
Betty Powell 
Lamont Fletcher 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

JUAN CARLOS A. MARQUEZ 
C/O STITES & HARBISON PLLC 
1199 NORTH FAIRFAX STREET 
SUITE 900 
ALEXANDRIA, VA 223.14-1437 

In re Application of 
Shinji Yuasa 

. Application No. 10/591,947 
Filed: September 8, 2006 
Attorney Docket No. HIRA.0236 

Commissioner for Patents 
United States Patent and Trademark Office 

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

""'· usr,lo. RO\' 

MAILED 
SEP 1 0 2010 

OFFICE OF PETITIONS 

ON PETITION 

This is a decision on the petition, filed September 2, 2010 under 37 CFR l.313(c)(2) to withdraw 
the above-identified application fr:om issue after payment of the issue fee.· 

The petition is GRANTED. 

The above-identified application is withdrawn from issue for consideration of a submission under 
37 CFR 1.114 (request for cont.inued examination). See 37 CFR l.313(c)(2). 

Petitioner is advised that the issue fee paid on August 12, 2010 in the above-identified 
application cannot be refunded. If, however, the above-identified application is again 
allowed, petitioner "lay request that it be applied towards the issue fee required by the new 
Notice of Allowance. 

Telephone inquiries should be directed to Irvin Dingle at (571) 272-3210. • 

This matter is being referred to Technology Center AU 2892 for processing of the request for 
continued examination under 3 7 CFR 1.114 and for consideration of the concurrently filed 
Information Disclosure Statement. 

/Irvin Dingle/ 
. Irvin Dingle 

Petitions Examiner 
Office of Petitions 

1 The request to apply the issue fee to the new Notice may be satisfied by 
completing and returning the new Issue Fee Transmittal Form PTOL-85(b), which 
includes the following language thereon: Commissioner for Patents is requested to 
apply the Issue Fee and Publication Fee (if any) or re-apply any previously paid 
issue fee to the application identified above. Petitioner is advised that, 
whether a fee is indicated as being due or not, the Issue Fee Transmittal Form 
must be completed and timely submitted to avoid abandonment. Note the language in 
bold text on the first page of the Notice of Allowance and Fee(s) Due (PTOL-85). 

, . .. 
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U.S. DEPARTMENT OF COMMERCE 
PATENT AND TRADEMARK OFFICE 

PATENT WITHDRAWAL NOTICE 

DATE WITHDRAWN WITHDRAWAL NUMBER 

9/14/10 18558 

The following application has been WITHDRAWN from the 

Tuesday 2 Se(!tember 212 2010 issue. 

SERIAL NO. PATENT NUMBER J 

10/591,947 7,800,149 

DRAWINGS CLASS 

010 257/421 

TITLE 

MAGNETIC TUNNEL JUNCTION DEVICE AND MEMORY DEVICE INCLUDING THE SAME 

NAME AND ADDRESS 

SHINJI YUASA 
!BARAK.I, JAPAN 

REASON FOR WITHDRAWAL 

Office of Petitions granted applicant's request to withdraw patent from issue. 

APPROVED 

/Kimberly Terrell/ 2 Manager 

Patent Publication Branch 
Office of Data Management 

FORM PT0-302 -- (REV. 05-2009) 

WD EX1002 
Western Digital v IP Bridge 

Page 300



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 

38327 7590 

Juan Carlos A. Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

09/17/2010 
EXAMINER 

CHAMBLISS, ALONZO 

ART UNIT PAPER NUMBER 

2892 

DATE MAILED: 09/17/2010 

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

10/591,947 09/08/2006 Shinji Yuasa HIRA.0236 8009 

TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE AND MEMORY DEVICE INCLUDING THE SAME 

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

nonprovisional NO $1510 $0 $1510 $1510 12/17/2010 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES 
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS 
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM 
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOW ARD 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 TOT AL 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 TOT AL 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. 

Page 1 of 3 
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

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 

Juan Carlos A. Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

09/17/2010 

APPLICATION NO. FILING DATE 

10/591,947 09/08/2006 

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. 

(Depositor's name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Shinji Yuasa HIRA.0236 8009 

TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE AND MEMORY DEVICE INCLUDING THE SAME 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1510 

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 ofa Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0 $1510 

CLASS-SUBCLASS 

257-421000 

2. For printing on the patent front page, list 

(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(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. 

$1510 12/17/2010 

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. 

0The 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 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, 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 

10/591,947 09/08/2006 

38327 7590 

Juan Carlos A Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

09/17/2010 

FIRST NAMED INVENTOR 

Shinji Yuasa 

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. 

HIRA.0236 8009 

EXAMINER 

CHAMBLISS, ALONZO 

ART UNIT PAPER NUMBER 

2892 

DATE MAILED: 09/17/2010 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment to date is 565 day(s). If the issue fee is paid on the date that is three months after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Term Adjustment will be 565 day(s). 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval 
(PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (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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Notice of Allowability 

Application No. 

10/591,94 7 
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. IZI This communication is responsive to the RCE filed on 9/2/10. 

2. IZI The allowed claim(s) is/are 68,69,72,75,77,78,84 and 89. 

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

a) 18] All b) D Some* c) D None of the: 

1. 18] 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. 

4. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient. 

5. 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). 

6. □ DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2. D Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. 18] Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 9/2/10 

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 AmendmenUComment 

8. D Examiner's Statement of Reasons for Allowance 

9. 18] Other See detailed action. 

PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20100911 
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Application/Control Number: 10/591,94 7 

Art Unit: 2892 

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 Parle Quayle, 25 USPQ 74, 453 O.G. 213 (Comm'r Pat. 1935). Since 

this application is eligible for continued examination under 37 CFR 1.114, and the fee 

set forth in 37 CFR 1.17(e) has been timely paid, prosecution in this application has 

been reopened pursuant to 37 CFR 1.114. Applicant's submission filed on 9/2/10 has 

been entered. 

Information Disclosure Statement 

2. The information disclosure statement (IDS) submitted on 9/2/10 was filed after 

the mailing date of the notice of allowance on 7/2/10. The submission is in compliance 

with the provisions of 37 CFR 1.97. Accordingly, the information disclosure statement is 

being considered by the examiner. 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Any inquiry concerning the communication or earlier communications from the 

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

272-1927. 
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Application/Control Number: 10/591,94 7 

Art Unit: 2892 

Page 3 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Thao Le can be reached on (571) 272-1708. The fax phone number for the 

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

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system Status information for published 

applications may be obtained from either Private PMR or Public PMR. Status 

information for unpublished applications is available through Private PMR only. For 

more information about the PMR system see http://pair-dkect.uspto.gov. Should you 

have questions on access to the Private PMR system contact the Electronic Business 

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

AC/September 11, 2010 /Alonzo Chambliss/ 
Primary Examiner, Art Unit 2892 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

Search Notes 10591947 YUASA, SHINJI 

Examiner Art Unit 

Alonzo Chambliss 2892 

SEARCHED 

Class I Subclass I Date I Examiner 
I I I 

SEARCH NOTES 

Search Notes Date Examiner 
East text search only - see attached printout 10/26/09 AC 
Updated previous East text search only - see attached printout 6/19/10 AC 
Updated previous East text search only - see attached printout 9/11/10 AC 

INTERFERENCE SEARCH 

Class Subclass Date Examiner 
257 4,295,421,427 6/19/10 AC 
365 171 6/19/10 AC 
257 4,295,421,427 9/11/10 AC 
365 171 9/11/10 AC 

U.S. Patent and Trademark Office Part of Paper No. : 20100911 
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Issue Classification 

ORIGINAL 

CLASS 

257 295 

Application/Control No. 

10591947 

Examiner 

Alonzo Chambliss 

SUBCLASS 

H 

G 
CROSS REFERENCE(S) 

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 33 49 

2 18 34 50 

3 19 35 51 

4 20 36 52 

5 21 37 53 

6 22 38 54 

7 23 39 55 

8 24 40 56 

9 25 41 57 

10 26 42 58 

11 27 43 59 

12 28 44 60 

13 29 45 61 

14 30 46 62 

15 31 47 63 

16 32 48 64 

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 

1 

2 

5 

3 

6 

7 

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 □ T.D. □ R.1.47 

Original Final Original Final Original Final Original 

65 81 

66 82 

67 83 

68 4 84 

69 85 

70 86 

71 87 

72 88 

73 8 89 

74 

75 

76 

77 

78 

79 

80 

Total Claims Allowed: 

8 
(Date) 

9/11/10 O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 1B 

Part of Paper No. 20100911 
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Re /02/2010 10591947 - GAU: 2892 

"" SEP D 2 2010 
~ Customized PTO/SB/08a+b 07-09 

r:.Form 1449/PTO 

INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 

Sheet j_of _1 

A lication # 
Confirmation # 

Filin Date 
First Inventor 

Art Unit 
Examiner 
Docket# 

10/591,947 
8009 
Se tember 8, 2006 
YUASA 
2892 
Alonzo Chambliss 
HIRA.0236 

U.S. PA TENT DOCUMENTS 
Exam. Document No. Publ. Date Name Relevance 
lnitial* Number - Kind Code MM-DD-YYYY Patentee or Applicant PassaQes/Figs. 

FOREIGN PATENT DOCUMENTS 
Exam. Country-Number- Publ. Date Name Relevance Translation 
Initial* Kind Code If known MM-DD- Patentee or Applicant Passages/Fi 

yyyy gs. 

JP 11-097766 4/9/1999 
Res Inst Electric Magnetic Abstract & 
Alloys 1122 & 23 

NON PA TENT LITERATURE DOCUMENTS 
Exam. Include NAME of the author (in CAPS), Title of Article/Item, Date, Page(s), Translation 
Initial* Volume-Issue No., Publisher, Citv and/or Country where published 

F. ERNULT et al., "Preparation of Nanometer-Scale Iron Dots on Insulating Layer", 
Yes 

Science and Technoloay of Advanced Materials, Vol. 4, (2003}, pp. 383-389 
DAVID J. SMITH et al., "Structural Characterization of Thin Film Ferromagnetic 
Tunnel Junctions", Journal of Applied Physics, Vol. 83, No. 10, 15 May 1998, pp. Yes 
5154-5158 
X. W. LI et al., "Fabrication and Properties of Heteroepitaxial Magnetite (Fe3O4) 
Tunnel Junctions", Applied Physics Letters, Vol. 73, No. 22, 30 November 1998, Yes 
PP.3282-3284 
C. L. PLATT, et al., "Spin Polarized Tunneling in Reactively Sputtered Tunnel 

Yes 
Junctions", Journal of Applied Physics, Vol. 81, No. 8, 15 April 1997, pp. 5523-5525 
P. TURBAN et al., "Growth and Characterization of Single Crystalline NiMnSb Thin 
Films and Epitaxial NiMnSb/MgO/NiMnSb(001) Trilayers", 2002 The American Yes 
Physical Society, Physical Review 8., Vol. 65, DD. 134417-1 to 134417-13 
T. MORIYAMA et al., "Preparation and Magnetoresistance in Single-Crystal and 
Polycrystal Fe/MgO/FeCo Tunnel Junctions", The Physical Society of Japan, 2003 Yes 
Soring meeting, Abstracts Book 58(1-3), 460, (2003-03-06) 
JAGADEESH S. MOODERA et al., "Ferromagnetic-Insulator-Ferromagnetic 
Tunneling: Spin-Dependent Tunneling and Large Magnetoresistance in Trilayer 

Yes 
Junctions (Invited), Journal of Applied Physics, Vol. 79, No. 8, 15 April 1996, pp. 
4724-4729 
MASAYOSHI TONOUCHI et al., "Epitaxial Growth of NbN on an Ultrathin 
MgO/Semiconductor System", Journal of Applied Physics, Vol. 62, No. 3, 1 August Yes 
1987, pp. 961-966 

Examiner Signature I /Alonzo Cl1ambliss/ (09/11/201Ppate Considered I 
* Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP §609. Draw line through 
citation if not in confonnance and not considered. Include copy of this fonn with next communication to the applicant. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /AC/ 
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'PART 8- ISSUE FEE (S) TRANSMITTAL 

Complete and mail this form, together with applicable fees, to: Box ISSUE.FEE 
Assistant Commissioner for Patents 
Washington, D.C. 20231 

MAILING INSTRUCTIONS: This fonn should be used for trnnsmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 4 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 othem·ise in Block I, by (a) specifying a new 
C rr 

STITES & HARBISON, PLCC 
SUITE 900 
1199 N. FAIRFAX STREET 
ALEXANDRIA, VA 22314 

APPLICATION NO FILING DATE 

10/591,947 09/08/2006 

FIRST NAMED INVENTOR 

Shinji Yuasa . 

Note: The cenificate of mailing below can only be used for domestic mailings of the Fet,(s) 
Trnnsmittal. This cenificate cannot be used for any other accompanying papers. Each 
additional paper. such as an assignment or fonnal drawing. must ha\'e its o,,n ceniftcate 

Certificate of Mailing 
I hereby cettify that this Issue Fet,(s) Trnnsmittal is being deposited with the United States 
Postal Service with sufficient postage for first class mail in an envelop addressed to the Box 
Issue Fee address on the date indicated below., 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

HIRA.0236 8009 

TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE AND MEMORY DEVICE INCLUDING THE SAME 

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

nonprovisional NO $0 $0 $0 12/17/2010 

EXAMINER ART UNIT I CLASS - SUBCLASS 

CHAMBLISS, ALONSO 2892 257-421000 
I. Change of correspondence address or indication of □ Fee Address" (3 7 CFR § 1.363 ). Use of PTO 2. For printing on the patent front page, list ( l) 

fonn(s) and Customer Number are recommended. but not required. the names of up to 3 registered patent attorneys 
or agents OR, alternatively, (2) the name of a 

Change of correspondence address (or Change of Correspondence Address fonn PTOIS8 1122) single firm (have as a member a registered 
attached. attorney or agent) and the names of up to 2 

registered patent attorneys or agents. lfno 

"Fee Address" indication (or "Fee Address" Indication fonn PTOIS8'47) anached. name is listed, no name will be print•~-

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

I. Stiles & Harbison PLLC 

2. Juan Carlos A. Marguez Esq 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is only appropriate when an assignment has been previously submitted to the USPTO 
o.r is being submitted under separate cover. Completi~n of this fonn is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (8) RESIDENCE: (CITY and STATE OR COUNTRY) 

JAPAN SCIENCE AND TECHNOLOGY AGENCY Saitama, Japan 
10/26/2010 SNOHAMM1 00000061 10591947 

NATIONAL INSTITUTE OF ADV AN CED INDUSTRIAL 
SCIENCE AND TECHNOLOGY Tokyo,Japan 

01 FC:1501 

Please check the appropriate assignee category indicated below (will not be printed on the patent) individual [8] Corporation or private group entity government 
4a, The following fees are enclosed: 4b. Payment of Fee(s): 

181 Issue fee 
181 Payment - See explanation below. 

181 Publication Fee 

Advance Order - # of Copies: 
181 The Commissioner is hereby authorized by charge the required fee(s), or 

credit any overpayment, to Deposit Account Number 12-0555. 

Juan C.A. Marquez Reg. No. 34.07' 
NOTE: The Issue Fee and Publicaf F 
registered patent attorney or ag 
Tradetnark Office 

Burden Hour Statement: Thi1 is estimated to take 0.2 hours to complete. Time will vary depending on the needs 
of the individual case. Any comments on the amount of time required to complete this fonn should be sent to the 
Chief Information Officer. United States Patent and Trademark Office, Washington. D.C. 20231. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND FEES AND THIS FORM TO: Box Issue Fee, 
Assistant Commissioner for Pn1ents. Washington. D.C. 20231 

Under the Paperwork Reduction Act of 1995. no pers,>rts are required to respond to a collection of information unless it 
displays a valid 0MB control number 

Commissioner for Patents is requested to apply 
the Issue Fee and Publication Fee previously 
paid on August 12, 2010 to the application 
identified above • 

Adjustment date: 10/26/2010 SMOHAMN1 
08713/2010 SMOHAMM10000003910591947 
01 FC:1501 -1510.00 OP 

TRANSMIT THIS FORM WITH FEE(SJ 
Page I of I 

PTOL-85 (Rev.07-01) Appro\'ed for use through 01/31/2004. 0MB 0651-0033 U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 

1510.00 OP 
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CONTINUED EXAMINATION 

(RCE) Transmittal 
Mail Stop RCE 

A lication # 10/591,947 
Confirmation # 8009 

Filin Date September 8, 2006 
First Inventor YUASA 

Art Unit 2892 
Examiner Alonzo Chambliss 
Docket# HIRA.0236 

This is a Request for Continued Examination under 37 CFR § 1.114 of the above-noted application. 
RCE practice does not apply to any utility application filed prior to June 8, 1995, or to any design application. 
Prosecution must be closed. 

Submission required Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed 
under 

37 
CFR § 

1 
_ 1

14 
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 previously filed on August 12, 2009 
D Other: 

1:8:1 Enclosed 
D Amendment/Reply 
D Affidavit(s)/Declaration(s) 

Miscellaneous 

1:8:1 Information Disclosure Citation 
1:8:1 Other: Petition to Withdraw from Issue under 37 C.F.R. 

1.313 c 2 after Pa ment of Issue Fee 

D Suspension of action on the above-identified application is requested under 37 CFR § 1.103(c) for a 
period of months (Period of suspension shall not exceed 3 months; Fee under 37 CFR§ 1.17(i) required) 

D Other: 

FEES calculated below (after reduction for an amendment if noted above . 
NOW Basic/Previous Number Present Extra Rate 

0 TOTAL CLAIMS 8 8 X $ 52 = 
0 INDEPENDENT CLAIMS i---5--i------5----+--~----X-$_2_2_0_=---t 

1:8:1 RCE fee required under 37 CFR 1.17(e) $ 810 = $810 
TOTAL OF ABOVE CALCULATIONS = 810 

D Reduction by ½ for small entity status of applicant 
i------t 

SUBTOTAL= 
D Extension of time fee + $ = 

i------t 

1:8:1 Other fee for Petition to Withdraw from Issue (37 CFR 1.136 and 1.17) + $ = 
TOTAL OF ALL FEES= 

1:8:1 Payment of $940 is made by: 1:8:1 CREDIT CARD (Form PTO-2038 is enclosed). 
□ ELECTRONIC FUNDS TRANSFER submitted herewith. 

1:8:1 The Director is authorized to charge any fee, additional fee or extension fee due in connection 
herewith to Deposit Account No. 12-0555: 

130 

(1) if no payment or an insufficient payment is enclosed and a fee is due in connection herewith; or 
(2) if no petition for extension of time is enclosed but an EQT is required - and in this event, applicant 

hereby petitions under 37 CFR 1.136(a) for an extension of time of as many months as are 
re uired to render this submission timel . 

Date: November 10, 2010 

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 

000001 105q1q47 
11/12/2010 ~ijOND~Fl 00 &10,00 OP 

185985:1:ALEXANDRIA 01 FC:1&01 
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In re U.S. Patent Application of 

YUASA 

Application Number: 10/591,947 

Filed: September 8, 2006 

For: MAGNETIC TUNNEL JUNCTION DEVICE AND 
MEMORY DEVICE INCLUDING THE SAME 
(AS AMENDED) 

ATTORNEY DOCKET No. HIRA.0236 

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

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

Art Unit 2892 

·Examiner 
Alonzo Chambliss 

PETITION TO WITHDRAW FROM ISSUE 
UNDER 37 C.F.R. §1.313(c)(2) AFTER PAYMENT OF ISSUE FEE 

Sir: 

Applicant respectfully petitions that the above identified application be withdrawn from 

issue. Withdrawal from issue is necessary in order to consider a Request for Continued 

Examination (RCE) under 37 CFR § 1.313(c)(2). 

The issue fee was paid on October 25, 2010. However, Applicant is s~bmitting a new 

Information Disclosure Statement with a reference presented to the Applicants on October 27, 

2010. We hereby file a Request for Continued Examination in conjunction with filing an 

Information Disclosure Statement. We respectfully request the application be withdrawn from 

issue in order to permit the Examiner to consider the new references. 

-11/12/2010 AWONDAF10000000710591947 

02 FC:1464 130.00 OP 
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Enclosed is a credit card form for $130.00 to cover the required petition fee. The 

commission is hereby authorized to charge any insufficiency or credit any overpayment to 

Deposit Account No. 12-0555. 

STITES· & HARBISON, PLLC 
1199 North Fairfax Street, Suite 900 
Alexandria, VA 22314 
Telephone: (703) 739-4900 
Customer No. 38327 
November 10, 2010 

Respectfully submitted, 

D~ E ~r:11 
Juan Carlos A. Marquez 
Registration No. 34,072 

-2-
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~AP • 
0 ~. 

> 

NOV 1 0 2010 ~ 
l !j 

~cf 'f'RA~t{t~ 

IN THE ITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 

YUASA 

Application Number: 10/591,947 

Filed: September 8, 2006 

For: MAGNETIC TUNNEL JUNCTION DEVICE AND 
MEMORY DEVICE INCLUDING THE SAME 
(AS AMENDED) 

ATTORNEY DOCKET No. HIRA.0236 

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

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

Art Unit 2892 

Examiner 
Alonzo Chambliss 

INFORMATION DISCLOSURE STATEMENT 

Sir: 

Pursuant to 37 C.F.R. §§ 1.56 and 1.97, this Information Disclosure Statement is submitted 

in the above-identified patent application. A listing of documents to be published on the face of any 

patent granted from this application is submitted herewith on Form PT0-1449. Any other 

documents or information submitted for consideration by the Examiner are listed in this paper. A 

copy of each foreign patent, or each publication or portion thereof listed or herein identified, 

submitted herewith. 

This Information Disclosure Statement is submitted with the initial filing of the RCE. 

Accordingly, no fee is due or payable at this time. 

The Examiner is requested to acknowledge consideration of the information provided in this 

paper in accordance with prescribed procedures. 
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Please charge any additional fees or credit any overpayments in connection with this paper to 

Deposit Account'No. 12-0555. 

STITES & HARBISON, PLLC 
1199 North Fairfax Street, Suite 900 
Alexandria, VA 22314 
Telephone: (703) 739-4900 
Customer No. 38327 
November 10, 2010 

Respectfully submitted, 

Juan Carlos A. Marquez 
Registration No. 34,072 

WD EX1002 
Western Digital v IP Bridge 

Page 317



'i'AP • 
0 L. 

~-..,. 
NOV 1 0 2010 C:,) 

J..1i. §) Customized PTO/SB/08a+b (07-09) 

Substitute for Form 1449/PTO ~~~.9 Application # 10/591,947 
Confirmation # 8009 

INFORMATION DISCLOSURE FilinQ Date September 8, 2006 

STATEMENT BY APPLICANT First Inventor YUASA 
Art Unit 2892 

Examiner Alonzo Chambliss 
Sheet 1 of 1 Docket# HIRA.0236 

U.S. PATENT DOCUMENTS 
Exam. Document No. Publ. Date Name Relevance 
Initial* Number - Kind Code MM-DD-YYYY Patentee or Aoolicant Passages/Fios. 

2009I0324814A 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 PA TENT 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 MPEP §609. Draw line through 
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant. 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE 

10/591,947 

38327 7590 

Juan Carlos A. Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

12/07/2010 

11/17/2010 

PATENT NO. 

7847327 

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. 

HIRA-0236 8009 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment is 881 day(s). Any patent to issue from the above-identified application will 
include an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the 
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee 
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management 
(ODM) at (571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Shinji Yuasa, Ibaraki, JAPAN; 

IR103 (Rev. 10/09) 
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UNITED STATES PATENT AND TRADE~K OFFICE 

Juan Carlos A. Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria VA 22314-1437 

In re Application of 
Shinji Yuasa 
Application No. 10/591,94 7 
Filed: September 8, 2006 
Attorney Docket No. HIRA-0236 

Commissioner for Patents 
United States Patent and Trademark Office 

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

www.uspto.gov 

MAILED 
NOV 19 2010 

OFFICE OF PETITIONS 

DECISION GRANTING PETITION 
UNDER 37 CFR 1.313(c)(2) 

, ; 'y~ ,• l: ~ i.._j I. 

This is a decision on the petition under 37. CFR l.313(c)(2), filed, November 10, 2010 to 
withdraw the above-identified application from issue after payment of the issue fee. 

The petition is GRANTED. 

The above-identified application is withdrawn from issue for consideration of a submission 
under 3 7 CFR 1.114 (request for continued examination). See 3 7 CFR 1.313( c )(2). 

Petitioner is advised that the issue fee paid on October 25, 2010 cannot be refunded. If, 
however, this application is again allowed, petitioner may request that it,be applied towards 
the issue fee required by the new Notice of Allowance. 1 

Telephone inquiries should be directed to Terri Johnson at (571) 272-2991. 

This application is being referred to Technology Center AU 2892 for processing of the request 
for continued examination under 3 7 CFR 1.114 and for consideration of the concurrently filed 
information disclosure statement. 

/Terri Johnson/ 
Terri Johnson 
Petitions Examiner 
Office of Petitions 

I' ....... I 

1 
The request to apply the issue fee to the new Notice may be satisfied by completing and returning the new 

Part B - Fee(s) Transmittal Form (along with any balance due at the time of submission). Petitioner is advised that the 
Issue Fee Transmittal Form must be completed and timely submitted to avoid abandonment ofthe application. 
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Date 

TO 

UNITED STATES PATENT AND TRADEMARK OFFICE 

November 19, 2010 

Commissioner for Patents 
United States Patent and Trademark Office 

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

www.uspto.gov 

FROM 

SUBJECT 

Director, Office of Data Management 

Office of Petitions 

Withdrawal from Issue of Application No. 10/591,947 

Applicant(s) 
Application No. 
Filed 

Shinji Yuasa 
10/591,947 
September 8, 2006 

The above-identified application has been assigned Patent No. 
7,847,327 and an issue date of December 7, 2010. 

It is hereby directed that this application be withdrawn from issue at 
the request of the applicant. Do not refund the issue fee. 

The following erratum should be published in the Official Gazette if 
the above-identified application is published in the OG of December 7, 
2010: 

"All reference to Patent No. 7,847,327 to Shinji Yuasa of 
Japan for MAGNETIC TUNNEL JUNCTION DEVICE AND MEMORY DEVICE 
INCLUDING THE SAME appearing in the Official Gazette of 
December 7, 2010 should be deleted since no patent was 
granted." 

/Terri Johnson/ 
Terri Johnson 
Petitions Examiner 
Office of Petitions 

cc: Paul Harrison 
Deneise Boyd 
Mary Louise McAskill 
Niomi Farmer 
Mary E. Johnson (Cookie) 
Brad Harris 
Kim Terrell 
Lamont Fletcher 

) 
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"' ,.,r•. 
U.S. DEPARTMENT OF COMMERCE 
PATENT AND TRADEMARK OFFICE 

PATENT WITHDRAWAL NOTICE 

DATE WITHDRAWN WITHDRAWAL NUMBER 

11/19/10 18770 

The following application has been WITHDRAWN from the 

Tuesdal'.2 December 072 2010 issue. 

SERIAL NO. PATENT NUMBER 

10/591,947 7,847,327 

DRAWINGS CLASS 

010 257/421 

TITLE 

MAGNETIC TUNNEL JUNCTION DEVICE AND MEMORY DEVICE INCLUDING THE SAME 

NAME AND ADDRESS 

SHINJIYUASA 
!BARAK.I, JAPAN 

REASON FOR WITHDRAWAL 

Office of Petitions granted applicant's request to withdraw patent from issue. 

APPROVED 

/Kimberly Terrell/ 2 Manager 

Patent Publication Branch 
Office of Data Management 

FORM PT0-302 •• (REV. 05-2009) 
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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 

38327 7590 

Juan Carlos A. Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

12/13/2010 
EXAMINER 

CHAMBLISS, ALONZO 

ART UNIT PAPER NUMBER 

2892 

DATE MAILED: 12/13/2010 

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

10/591,947 09/08/2006 Shinji Yuasa HIRA-0236 8009 

TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE AND MEMORY DEVICE INCLUDING THE SAME 

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

nonprovisional NO $1510 $0 $1510 $1510 03/14/2011 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES 
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS 
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM 
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOW ARD 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 TOT AL 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 TOT AL 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. 

Page 1 of 3 
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

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 

Juan Carlos A. Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

12/13/2010 

APPLICATION NO. FILING DATE 

10/591,947 09/08/2006 

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. 

(Depositor's name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Shinji Yuasa HIRA-0236 8009 

TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE AND MEMORY DEVICE INCLUDING THE SAME 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1510 

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 ofa Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0 $1510 

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, 

(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. 

$1510 03/14/2011 

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. 

0The 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 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, 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. 08/07) Approved for use through 08/31/2010. 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 

10/591,947 09/08/2006 

38327 7590 

Juan Carlos A Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

12/13/2010 

FIRST NAMED INVENTOR 

Shinji Yuasa 

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. 

HIRA-0236 8009 

EXAMINER 

CHAMBLISS, ALONZO 

ART UNIT PAPER NUMBER 

2892 

DATE MAILED: 12/13/2010 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment to date is 565 day(s). If the issue fee is paid on the date that is three months after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Term Adjustment will be 565 day(s). 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval 
(PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (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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Notice of Allowability 

Application No. 

10/591,94 7 
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. IZI This communication is responsive to the RCE filed on 11/10/10. 

2. IZI The allowed claim(s) is/are 66,69,72,75,77,78,84 and 89. 

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

a) 18] All b) D Some* c) D None of the: 

1. 18] 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. 

4. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient. 

5. 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). 

6. □ DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2. D Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. 18] Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 11/10/10 

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 AmendmenUComment 

8. D Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20101128 
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Application/Control Number: 10/591,94 7 

Art Unit: 2892 

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 Parle Quayle, 25 USPQ 74, 453 O.G. 213 (Comm'r Pat. 1935). Since 

this application is eligible for continued examination under 37 CFR 1.114, and the fee 

set forth in 37 CFR 1.17(e) has been timely paid, prosecution in this application has 

been reopened pursuant to 37 CFR 1.114. Applicant's submission filed on 11/10/10 has 

been entered. 

Information Disclosure Statement 

2. The information disclosure statement (IDS) submitted on 11/10/10 was filed 

before the mailing date of the notice of allowance on 11/29/10. The submission is in 

compliance with the provisions of 37 CFR 1.97. Accordingly, the information disclosure 

statement is being considered by the examiner. 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Any inquiry concerning the communication or earlier communications from the 

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

272-1927. 
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Application/Control Number: 10/591,94 7 

Art Unit: 2892 

Page 3 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Thao Le can be reached on (571) 272-1708. The fax phone number for the 

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

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system Status information for published 

applications may be obtained from either Private PMR or Public PMR. Status 

information for unpublished applications is available through Private PMR only. For 

more information about the PMR system see http://pair-dkect.uspto.gov. Should you 

have questions on access to the Private PMR system contact the Electronic Business 

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

AC/November 28, 2010 /Alonzo Chambliss/ 
Primary Examiner, Art Unit 2892 
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Issue Classification 

ORIGINAL 

CLASS 

257 295 

Application/Control No. 

10591947 

Examiner 

Alonzo Chambliss 

SUBCLASS 

H 

G 
CROSS REFERENCE(S) 

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 33 49 

2 18 34 50 

3 19 35 51 

4 20 36 52 

5 21 37 53 

6 22 38 54 

7 23 39 55 

8 24 40 56 

9 25 41 57 

10 26 42 58 

11 27 43 59 

12 28 44 60 

13 29 45 61 

14 30 46 62 

15 31 47 63 

16 32 48 64 

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 

1 

2 

5 

3 

6 

7 

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 □ T.D. □ R.1.47 

Original Final Original Final Original Final Original 

65 81 

66 82 

67 83 

68 4 84 

69 85 

70 86 

71 87 

72 88 

73 8 89 

74 

75 

76 

77 

78 

79 

80 

Total Claims Allowed: 

8 
(Date) 

11/28/10 O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 1B 

Part of Paper No. 20101128 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

Search Notes 10591947 YUASA, SHINJI 

Examiner Art Unit 

Alonzo Chambliss 2892 

SEARCHED 

Class I Subclass I Date I Examiner 
I I I 

SEARCH NOTES 

Search Notes Date Examiner 
East text search only - see attached printout 10/26/09 AC 
Updated previous East text search only - see attached printout 6/19/10 AC 
Updated previous East text search only - see attached printout 9/11/10 AC 
Updated previous East text search only - see attached printout 11/28/10 AC 

INTERFERENCE SEARCH 

Class Subclass Date Examiner 
257 4,295,421,427 6/19/10 AC 
365 171 6/19/10 AC 
257 4,295,421,427 9/11/10 AC 
365 171 9/11/10 AC 
257 4,295,421,427 11/28/10 AC 
365 171 11/28/10 AC 

U.S. Patent and Trademark Office Part of Paper No.: 20101128 
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Receip 

~AP . 

t date: 11/10/2010 
0 L. 

10591947 - GAU: 2 ~-
.> 

NOV 1 0 2010 C:,1 
\l""' .RJ Customized PTO/SB/08a+b (07-09} 

Substitute for Form 1449/PTO ~~~.9 Application # 10/591,947 
Confirmation # 8009 

INFORMATION DISCLOSURE Filing Date September 8, 2006 

STATEMENT BY APPLICANT First Inventor YUASA 
Art Unit 2892 

Examiner Alonzo Chambliss 
Sheet 1 of 1 Docket# HIRA.0236 

U.S. PATENT DOCUMENTS 
Exam. Document No. Publ. Date Name Relevance 
Initial* Number - Kind Code MM-DD-YYYY Patentee or Applicant PassaQes/FiQs. 

200910324814A 1 12-31-2009 Parkin 

FOREIGN PA TENT DOCUMENTS 
Exam. Country-Number- Puhl. 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 /Alonzo Chambliss/ (11/28/201 ppate Considered J 

* 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. 

892 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /AC/ 
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PART B - ISSUE FEJJ: (S) TR,ANSMITTAL 

Complete an(J mail this form, together with. applicable fees, to: Box ISSUE FEE 
Assistant Commissioner for Patents 
Washington, D.C. 20231 

I 
MAILING INSTRUCTIONS: This fonn should be used for trllNmitting the ISSUE FEE end PUBLICATION FEE (if required). Blocks I through 4 should be completed where appropriate. All further correspondence 
including the Patent, ad"'ance orders ~d notification of maintenance fees will be mailed to {Jle cu.rre11t correspondence address as indicated unless corrected below or directed otherwise in Block I, by (a) specifying a 
new corrsspondence addrs-r and/or lb) indicntins a aeoa.rate FEE ADDRESS for maintenance fee notiOcatiom 

• CURRENT CORRESPONDENCE ADDRESS (Note: Legibly mark-up "ith en ctions or use Block I) 

STITES & HARBISON, PLCC 
SUITE900 

<?F\P ~ 
Note: The certificate of mailing below can only be used for domestic mailings of the Fee(s) 
Transmittal. This certificate cannot be used for any other accompanying papers. Each 
additional paper, such as an assignment or fonnaJ drn,,ing. must have its own cenificate 

Cel1ificate or Mnilina 
I (99 N. FAIRFAX STREET 
AI,.EXANDRIA, VA 22314 

0 ~ 

l)\.C 'L ~ ii\\ i I hereby certify that this Issue Fee(s) Transmittal is being deposited with the United States 
Postal Service with sufficient postage for first class mail in an envel9p addressed to the Box 
Issue Fee address on the date indicated below .• 

1,~ a rct.g 
De ositors name 

Si nature 

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

10/591,947 09/08/2006 Shinji Yuasa HIRA-0236 8009 

TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE AND MEMORY DEVICE INCLUDING THE SAME 

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

nonprovisional NO $1510 $0 $1510 03/14/2011 

EXAMINER ART UNIT I CLAS_S - SUBCLASS 

CHAMBLISS, ALONSO 2892 257-295000 
I. Change of correspondence address or indication of □ Fee Address" (37 CFR § 1.363). Use of PTO 

fonn(s)_ and Customer Number are recommended, but not required. 
2. For printing on the patent front page, list (1) 
the names of up to 3 registered patent attorneys 
or agents OR, alternatively, (2) the name of a 
single firm (have as a member a registered 
attorney or agent) and the names ofup to 2 
registered patent attorneys or agents. If no 
name is listed. no name will be printed 

I. Stites & Harbison PLLC 

D Change of correspondence address (or Change of Correspondence Address fonn PTO/SB/122) 
attached. 

D "Fee Address• indication (or "Fee Address• Indication fonn PTO/SB/47) attached. 

3. ASSIGNEE t-!AME AND RESIDENCE DATA TO BE PRJNTED ON TIIE PATENT (print or type) 

2. Juan Carlos A. Marguez, Esq 

Date 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is only appropriate when an assignment has been previously submitted to the USPTO 
or is being s9bmittcd undet separate eover. Completion ofthis fonn is NOT a substitute for filing an wignment. 

(A) NAME OF ASSIGNEE 

JAPAN SCIENCE AND TECHNOLOGY AGENCY 

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL 

SCIENCE AND TECHNOLOGY 

Please check the appropriate assignee category indicated below (will not be printed on the patent) 
4a The following fees are enclosed: 

(B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Saitam~~~f i ~~8ijm\f'fii,ilif 1 i;~~ij~} 
01 FC:1501 -1510.00 OP 

Tokyo, Japan 

{ individuaJ C8l Corporation or private group entity { government 

IBl Issue fee 
4b. Payment ofFee(s): 

IBl Publication Fee IBl Payment - see explanation below. 

D Adl'ance Order - # of Copies: IBl The Commissioner is hereby authorized by charge the required fee(s), or 

_,.,, 
Juan C.A Marquez Reg. No. 34,'!J2 V _ . 
NO_TE: The Issue Fee and22ublic o'>' ee (if required) ,.;n not ~ ":" ted from enr. e other than the applicant; a 
registered patent attorney or t; or the assignee or other party m I erest as sho by the records of the Patent and 
Trademark Office ' / 

Burden HOW' Statement: lhi/(nn is estimated to take 0.2 hours to c mplete. Time will vary depending on the needs 
of the individual case. ~comments on the amount or time required to complete this form should be sent to the 
Chief Information Officer, United States Patent and Trademark Office, Washington, D.C. 20231. DO NOT SEND 
FEES OR COMPLETED FORMS TO IBIS ADDRESS. SEND FEES AND llilS FORM TO: Box Issue Fee, 
Assistant Commissioner for Patenis, Washingt<>n, D.C. 20231 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it 
displa)s a valid 0MB control number 

credit any overpayment, to Deposit Account Number 12-0555. 

Commissioner for Patents is requested to apply 
the Issue Fee and Publication Fee previously 
paid on August 12, 2010 to the application 
identified above. 

12/29/2010 S11OHAl1N1 00000051 10591947 

01 FC:1501 1510.00 OP 
TRANSMIT IBIS FORM WITii FEE(S) 

Page 2 of3 
PTOL-8S (Rev.07-01) Approved for use through 01/31/2004. 0MB 06$1-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

US_ACTIVE-100195432.112/28/10 2:04 PM 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE 

10/591,947 

38327 7590 

Juan Carlos A. Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

02/08/2011 

01/19/2011 

PATENT NO. 

7884403 

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. 

HIRA-0236 8009 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment is 881 day(s). Any patent to issue from the above-identified application will 
include an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the 
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee 
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management 
(ODM) at (571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Shinji Yuasa, Ibaraki, JAPAN; 

IR103 (Rev. 10/09) 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 

YUASA 

Patent No. 7,884,403 
Date of Patent: February 8, 2011 

Application Number: 10/591,947 
Filed: September 8, 2006 

For: MAGNETIC TUNNEL JUNCTION.DEVICE AND 
MEMORY DEVICE INCLUDING THE SAME 

Attorney Docket No. HIRA-0236 

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

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

REQUEST FOR CERTIFICATE OF CORRECTION 

Sir: 

The Commissioner is hereby respectfully requested to approve and issue a Certificate of 

Correction to correct an oversight by the USPTO. 

One Foreign reference and 8 non-patent references filed on September 2, 2010 were 

considered by the Examiner but all of them were inadvertently omitted. Please add to the cover 

page of the patent under (56) References Cited, Foreign Patent Documents, the following: 

"JP 11-097766 4/1999" 

Please add to the cover page of the patent under (56) References Cited, Other 

Publications, the following: 

• "F. ERNUL T et al., "Preparation of Nanometer-Scale Iron Dots on 
Insulating Layer", Science and Technology of Advanced 
Materials, Vol. 4, (2003), pp. 383-389 

• DAVID J. SMITH et al., "Structural Characterization of Thin Film 
Ferromagnetic Tunnel Junctions", Journal of Applied Physics, Vol. 
83, No. 10, 15 May 1998, pp. 5154-5158 
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• X. W. LI et al., "Fabrication and Properties of Heteroepitaxial 
Magnetite (Fe3O4) Tunnel Junctions", Applied Physics Letters, 
Vol. 73, No. 22, 30 November 1998, pp.3282-3284 

• C. L. PLATT, et al., "Spin Polarized Tunneling in Reactively 
Sputtered Tunnel Junctions", Journal of Applied Physics, Vol. 81, 
No. 8, 15 April 1997, pp. 5523-5525 

• P. TURBAN et al., "Growth and Characterization of Single 
Crystalline NiMnSb Thin Films and Epitaxial 
NiMnSb/MgO/NiMnSb(00l) Trilayers", 2002 The American 
Physical Society, Physical Review B., Vol. 65, pp. 134417-1 to 

• 134417-13 

• T. MORIYAMA et al., "Preparation and Magnetoresistance in 
Single-Crystal and Polycrystal Fe/MgO/FeCo Tunnel Junctions", 
The Physical Society of Japan, 2003 Spring meeting, Abstracts 
Book 58(1-3), 460, (2003-03-06) 

• JAGADEESH S. MOODERA et al., "Ferromagnetic-Insulator­
Ferromagnetic Tunneling: Spin-Dependent Tunneling and Large 
Magnetoresistance in Trilayer Junctions (Invited), Journal of 
Applied Physics, Vol. 79, No. 8, 15 April 1996, pp. 4724-4729 

• MASA YOSHI TONOUCHI et al., "Epitaxial Growth of NbN on 
an Ultrathin MgO/Semiconductor System", Journal of Applied 
Physics, Vol. 62, No. 3, 1 August 1987, pp. 961-966" 

No fee is required as this was an oversight by the Patent Office. 

The Commissioner is hereby respectfully requested to grant a Certificate of Correction in 

accordance with the attached Certificate of Correction. 

C 
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The Commissioner is also hereby authorized to charge payment of any fees associated 

with this communication, including fees under 37 C.F.R. §§ 1.16 and 1.17 or credit any 

overpayment to Deposit Account Number 12-0555 . . 

STITES & HARBISON, PLLC 
1199 N. Fairfax Street, Suite 900 
Alexandria, Virginia 22314 
(703) 739-4900 
Customer No.: 38327 
May 2, 2012 

245401: 1 :ALEXANDRIA 

Respectfully submitted, 

) 
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PTO/SB/44 (04-04) 
Approved for use through 04/30/2007. 0MB 0651-0033 

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. 
/Also Form PTO-1050) 

UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. 

DATED 

INVENTOR(S) 

7,884,403 82 

February 8, 2011 

YUASA 

It is certified that error appears in the above-identified patent and that said Letters 
Patent is hereby corrected as shown below: 

On the face of the patent, please add under Item (56) under References Cited, Foreign 
Patent Documents: 

"JP 11-097766 4/1999" 

On the face of the patent, please add under item (56) References Cited, Other 
Publications, the following: 

• 

• 

• 

• 

• 

• 

• 

"F. ERNULT et al., "Preparation of Nanometer-Scale Iron Dots on 
Insulating Layer", Science and Technology of Advanced 
Materials, Vol: 4, (2003), pp. 383-389 

DAVID-I. SMITH et al., "Structural Characterization of Thin Film 
Ferromagnetic Tunnel Junctions", Journal of Applied Physics, Vol. 
83, No. 10, 15 May 1998, pp. 5154-5158 
X. W. LI et al., "Fabrication and Properties of Heteroepitaxial 
Magnetite (Fe3O4) Tunnel Junctions", Applied Physics Letters, 
Vol. 73, No. 22, 30 November 1998, pp.3282-3284 

C. L. PLATT, et al., "Spin Polarized Tunneling in Reactively 
Sputtered Tunnel Junctions", Journal of Applied Physics, Vol. 81, 
No. 8, 15 April 1997, pp. 5523-5525 

P. TURBAN et al., "Growth and Characterization of Single 
Crystalline NiMnSb Thin Filins and Epitaxial 
NiMnSb/MgO/NiMnSb(00l) Trilayers", 2002 The American 
Physical Society, Physical Review B., Vol. 65, pp. 134417-1 to 
134417-13 

T. MORIYAMA et al., "Preparation and Magnetoresistance in 
Single-Crystal and Polycrystal Fe/MgO/FeCo Tunnel Junctions", 
The Physical Society of Japan, 2003 Spring meeting, Abstracts 
Book 58(1-3), 460, (2003-03-06) 

JAGADEESH S. MOODERA et al., "Ferromagnetic-Insulator­
Ferromagnetic Tunneling: Spin-Dependent Tunneling and Large 
Magnetoresistance in Trilayer Junctions (Invited), Journal of 
Annlied Phvsics. Vol. 79, No. 8. 15 April 1996, PP. 4724-4729 
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• MASA YOSHI TON OUCHI et al., "Epitaxial Growth of NbN on 
an Ultrathin MgO/Semiconductor System", Journal of Applied 
Physics, Vol. 62, No. 3, 1 August 1987, pp. 961-966" 

MAILING ADDRESS OF SENDER: 
Juan Carlos A. Marquez, Esq. 
STITES & HARBISON, PLLC 
1199 N. Fairfax Street 
Alexandria, Virginia 22314 

PATENT NO, 7,884,403 

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or 
retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 
35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to complete, including gathering, preparing, 
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be 
sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, 
Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: 
Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-
1450. 

If you need assistance in completing the fonn, ca/11-800-PTO-9199 and select option 
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:9~~7FIAO~ IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 

YUASA 

Patent No. 7,884,403 
Date of Patent: February 8, 2011 

Application Number: 10/591,947 
Filed: September 8, 2006 

For: MAGNETIC TUNNEL JUNCTION DEVICE AND 
MEMORY DEVICE INCLUDING THE SAME 

Attorney Docket No. HIRA-0236 

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

Sir: 

LETTER 

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

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-1050) 

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

STITES & HARBISON, PLLC 
1199 N. Fairfax Street, Suite 900 
Alexandria, Virginia 22314 
(703) 739-4900 
Customer No.: 38327 
May 2, 2012 

Respectfully submitted, 
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PATENT NO. 
APPLICATION NO. 
DATED 
INVENTOR(S) 

UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

: 7,884,403 B2 
: 10/591947 
: February 8, 2011 
: Yuasa 

Page 1 of2 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below: 

On the face of the patent, please add under Item (56) under References Cited, Foreign Patent 
Documents: 

"JP 11-097766 4/1999" 

On the face of the patent, please add under item (56) References Cited, Other Publications, the 
following: 

"F. ERNUL T et al., "Preparation of Nanometer-Scale Iron Dots on 
Insulating Layer", Science and Technology of Advanced 
Materials, Vol. 4, (2003), pp. 383-389 

DAVID J. SMITH et al., "Structural Characterization of Thin Film 
Ferromagnetic Tunnel Junctions", Journal of Applied Physics, Vol. 

83, No. 10, 15 May 1998, pp. 5154-5158 

X. W. LI et al., "Fabrication and Properties of Heteroepitaxial 
Magnetite (Fe3O4) Tunnel Junctions", Applied Physics Letters, 
Vol. 73, No. 22, 30 November 1998, pp. 3282-3284 

C. L. PLATT, et al., "Spin Polarized Tunneling in Reactively 
Sputtered Tunnel Junctions", Journal of Applied Physics, Vol. 81, 
No. 8, 15 April 1997, pp. 5523-5525 

P. TURBAN et al., "Growth and Characterization of Single 
Crystalline NiMnSb Thin Films and Epitaxial 
NiMnSb/MgO/NiMnSb(00l) Trilayers", 2002 The American 
Physical Society, Physical Review B., Vol. 65, pp. 134417-1 to 
134417-13 

Signed and Sealed this 
Fifth Day of June, 2012 

ffa:i1-Y:• t__ ~ 
David J. Kappos 

Director of the United States Patent and Trademark Office 
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T. MORIY AMA et al., "Preparation and Magnetoresistance in 
Single-Crystal and Polycrystal Fe/MgO/FeCo Tunnel Junctions", 
The Physical Society of Japan, 2003 Spring meeting, Abstracts 
Book 58(1-3), 460, (2003-03-06) 

JAGADEESH S. MOODERA et al., "Ferromagnetic-Insulator-Ferromagnetic 
Tunneling: Spin-Dependent Tunneling and Large 
Magnetoresistance in Trilayer Junctions (Invited), Journal of 
Applied Physics, Vol. 79, No. 8, 15 April 1996, pp. 4724-4729 

MASA YOSHI TONOUCHI et al., "Epitaxial Growth of NbN on 
an Ultrathin MgO/Semiconductor System", Journal of Applied 
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