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Document 1.)  Further, there is a need for a 

crystallization annealing device for improving the rate of 

resistance change of the element, a substrate cooling 

device subsequent to annealing, and an oxidation device for 

forming the oxide layer, as well as a sputtering device.  

In the future, making full use of these devices for 

development of high-performance element structures as well 

as materials is essential in order to achieve practical use 

of STT-RAM. 
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Summary of Invention 

[0007] 

 For fabrication of the above-described MRAM, an 

improvement in throughput is sought in order to achieve 

cost reduction.  Also, for example, when a metal film as a 

structural element of the MRAM is oxidized to form a 

barrier layer, the absence of quick oxidation of the metal 

film leads to mixing of impurities and in turn to 

deterioration in reliability or characteristics of the 

element.  The improvement in the throughput is sought also 

for purposes of reduction in the mixing of the impurities. 
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[0008] 

 Also, heretofore, a method which involves heating a 

substrate having the metal film formed thereon to a 

predetermined temperature thereby to oxidize the metal film 

has sometimes been adopted as a process for oxidation of 

the metal film for formation of the barrier layer.  In this 

case, the substrate having the metal film formed thereon is 

heated to a target temperature in an oxidation process 

chamber, and thereafter, oxygen is introduced into the 

oxidation process chamber to perform the oxidation process. 

[0009] 

 However, in a case where a material for the metal 

film for use in the formation of the barrier layer is 

magnesium (Mg), when Mg is heated to the target temperature, 

Mg sublimes with increasing temperature, because Mg in 

particular is a sublimation-prone material.  Thus, at the 

time of start of oxygen introduction, a film thickness of 

Mg is reduced by the amount of sublimation of Mg.  After 

completion of the oxidation process, therefore, a film 

thickness of magnesium oxide (MgO) generated by the

oxidation process is less than a designed value.  Meanwhile, 

Mg may conceivably be formed in advance in a greater 

thickness than the designed value, allowing for the 

sublimation during deposition of Mg; however, this involves 

excessive deposition of Mg with respect to the designed 

value, thus leading to an increase in cost. 

[0010] 

 The present invention has been made in view of the 

foregoing problems.  An object of the present invention is 

to provide a method for manufacturing a magnetoresistive 

element, capable of reducing sublimation of metal during 

oxidation of the metal, while improving throughput in 

formation of a tunnel barrier layer of a metal oxide.

[0011] 

 In order to attain the above object, according to a 

first aspect of the present invention, there is provided a 

method for manufacturing a magnetoresistive element, 
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including: a step of forming one of a magnetization free 

layer and a magnetization pinned layer; a step of forming a 

tunnel barrier layer on top of the formed one of the 

magnetization free layer and the magnetization pinned 

layer; and a step of forming the other of the magnetization 

free layer and the magnetization pinned layer on top of the 

tunnel barrier layer, wherein the step of forming the 

tunnel barrier layer includes a deposition step of 

depositing a metal film on top of a substrate, and an 

oxidation step of subjecting the metal film to an oxidation 

process, wherein the oxidation step includes a step of 

holding the substrate having the metal film formed thereon, 

on a supporting portion protruding from a substrate holding 

surface of a substrate holder in a processing container in 

which the oxidation process is performed, a step of 

supplying an oxygen gas to the substrate by introducing the 

oxygen gas into the processing container, in a state where 

the substrate is mounted on the supporting portion, a 

substrate mounting step of mounting the substrate on the 

substrate holding surface, after start of introduction of 

the oxygen gas, and a heating step of heating the substrate 

mounted on the substrate holding surface. 

[0012] 

 According to a second aspect of the present invention, 

there is provided a method for manufacturing a 

magnetoresistive element, including: a step of forming one 

of a magnetization free layer and a magnetization pinned 

layer; a step of forming a tunnel barrier layer on top of 

the formed one of the magnetization free layer and the 

magnetization pinned layer; and a step of forming the other 

of the magnetization free layer and the magnetization 

pinned layer on top of the tunnel barrier layer, wherein 

the step of forming the tunnel barrier layer includes a 

deposition step of depositing a metal film on top of a 

substrate, and an oxidation step of subjecting the metal 

film to an oxidation process, wherein the oxidation step 

includes a step of holding the substrate having the metal 
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film formed thereon, on a substrate holder in a processing 

container in which the oxidation process is performed, a 

step of supplying an oxygen gas to the substrate by 

introducing the oxygen gas into the processing container, 

at a temperature at which the metal film does not sublime, 

and a heating step of heating the substrate simultaneously 

with or after the introduction of the oxygen gas, wherein 

the oxidation step further includes a step of, after the 

step of holding, forming in the processing container a 

space formed by a substrate holding surface of the 

substrate holder and a surrounding portion provided in the 

processing container, by changing a relative position of 

the substrate holder with respect to the processing 

container, wherein the space is formed such that the 

substrate holding surface is surrounded by the surrounding 

portion and a gap is formed between the surrounding portion 

and the substrate holder, wherein the oxygen gas introduced 

into the space is evacuated from the space through the gap. 

[0013] 

 According to the present invention, it is possible to 

reduce sublimation of metal during oxidation of the metal, 

while improving throughput in formation of a tunnel barrier 

layer of a metal oxide. 

Brief Description of Drawings 

[0014] 

 Fig. 1 is a schematic diagram of a multilayer 

structure of an in-plane magnetization type element as one 

example of an element which is applied to an oxidation 

process according to one embodiment of the present 

invention. 

 Fig. 2 is a schematic diagram of a multilayer 

structure of a perpendicular magnetization type element as 

one example of an element which is applied to an oxidation 

process according to one embodiment of the present 

invention. 

 Fig. 3 is a schematic diagram of a multilayer 
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Claims 

[Claim 1] 

 A method for manufacturing a magnetoresistive element, 

comprising: 

 a step of forming one of a magnetization free layer 

and a magnetization pinned layer; 

 a step of forming a tunnel barrier layer on top of

the formed one of the magnetization free layer and the 

magnetization pinned layer; and 

 a step of forming the other of the magnetization free 

layer and the magnetization pinned layer on top of the 

tunnel barrier layer, 

 wherein the step of forming the tunnel barrier layer 

comprises 

 a deposition step of depositing a metal film on top 

of a substrate, and 

 an oxidation step of subjecting the metal film to an 

oxidation process, 

 wherein the oxidation step comprises 

 a step of holding the substrate having the metal film 

formed thereon, on a supporting portion protruding from a 

substrate holding surface of a substrate holder in a 

processing container in which the oxidation process is 

performed, 

 a step of supplying an oxygen gas to the substrate by 

introducing the oxygen gas into the processing container, 

in a state where the substrate is mounted on the supporting 

portion, 

 a substrate mounting step of mounting the substrate 

on the substrate holding surface, after start of 

introduction of the oxygen gas, and 

 a heating step of heating the substrate mounted on 

the substrate holding surface. 
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[Claim 2] 

 The method for manufacturing the magnetoresistive 

element according to claim 1, wherein the step of supplying 

includes introducing the oxygen gas at a temperature at 

which the metal film does not sublime. 

[Claim 3] 

 The method for manufacturing the magnetoresistive 

element according to claim 1, wherein the substrate holding 

surface is heated before the substrate mounting step. 

[Claim 4] 

 The method for manufacturing the magnetoresistive 

element according to claim 1, further comprising a step of 

stopping the introduction of the oxygen gas, before the 

heating step. 

[Claim 5] 

 The method for manufacturing the magnetoresistive 

element according to claim 4, 

 wherein the step of stopping includes stopping the 

introduction of the oxygen gas before the mounting of the 

substrate on the substrate holding surface by the substrate 

mounting step, 

 wherein the method for manufacturing further 

comprises an oxygen gas reintroduction step of introducing 

the oxygen gas into the processing container, after the 

mounting of the substrate on the substrate holding surface 

by the substrate mounting step. 

 [Claim 6] 

 The method for manufacturing the magnetoresistive 

element according to claim 5, wherein the oxygen gas 

reintroduction step includes introducing the oxygen gas, 

while moving the substrate closer to an oxygen gas 



03275 

35

introduction unit provided in the processing container and 

configured to introduce the oxygen gas thereinto. 

[Claim 7] 

 The method for manufacturing the magnetoresistive 

element according to claim 5, wherein the oxygen gas 

reintroduction step includes introducing the oxygen gas, 

while rotating the substrate in an in-plane direction of 

the substrate. 

 [Claim 8] 

 The method for manufacturing the magnetoresistive 

element according to claim 1, wherein the metal film is 

magnesium.  

 [Claim 9] 

 A method for manufacturing a magnetoresistive element, 

comprising: 

 a step of forming one of a magnetization free layer 

and a magnetization pinned layer; 

 a step of forming a tunnel barrier layer on top of

the formed one of the magnetization free layer and the 

magnetization pinned layer; and 

 a step of forming the other of the magnetization free 

layer and the magnetization pinned layer on top of the 

tunnel barrier layer, 

 wherein the step of forming the tunnel barrier layer 

comprises 

 a deposition step of depositing a metal film on top 

of a substrate, and 

 an oxidation step of subjecting the metal film to an 

oxidation process, 

 wherein the oxidation step comprises 

 a step of holding the substrate having the metal film 

formed thereon, on a substrate holder in a processing 

container in which the oxidation process is performed, 
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 a step of supplying an oxygen gas to the substrate by 

introducing the oxygen gas into the processing container, 

at a temperature at which the metal film does not sublime, 

and 

 a heating step of heating the substrate 

simultaneously with or after the introduction of the oxygen 

gas, 

 wherein the oxidation step further comprises a step 

of, after the step of holding, forming in the processing 

container a space formed by a substrate holding surface of 

the substrate holder and a surrounding portion provided in 

the processing container, by changing a relative position 

of the substrate holder with respect to the processing 

container, wherein the space is formed such that the 

substrate holding surface is surrounded by the surrounding 

portion and a gap is formed between the surrounding portion 

and the substrate holder, 

 wherein the oxygen gas introduced into the space is 

evacuated from the space through the gap. 

[Claim 10] 

 The method for manufacturing the magnetoresistive 

element according to claim 9, 

 wherein the step of holding the substrate includes 

mounting the substrate on a supporting portion protruding 

from the substrate holding surface, 

 wherein the step of introducing includes supplying 

the oxygen gas to the substrate at the temperature at which 

the metal film does not sublime, in a state where the 

substrate is mounted on the supporting portion, 

 wherein the method for manufacturing further 

comprises a step of mounting the substrate mounted on the 

supporting portion, on the substrate holding surface, 

 wherein the heating step includes heating the 

substrate mounted on the substrate holding surface.
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[Claim 11] 

 The method for manufacturing the magnetoresistive 

element according to claim 10, wherein the substrate 

holding surface is heated before the mounting of the 

substrate on the substrate holding surface. 

 [Claim 12] 

 The method for manufacturing the magnetoresistive 

element according to claim 11, 

 wherein the introduction of the oxygen gas is stopped 

before the step of mounting, 

 wherein the method for manufacturing further 

comprises an oxygen gas reintroduction step of introducing 

the oxygen gas into the processing container, after the 

step of mounting. 

 [Claim 13] 

 The method for manufacturing the magnetoresistive 

element according to claim 12, wherein the oxygen gas 

reintroduction step includes introducing the oxygen gas, 

while moving the substrate closer to an oxygen gas 

introduction unit provided in the processing container and 

configured to introduce the oxygen gas thereinto. 

[Claim 14] 

 The method for manufacturing the magnetoresistive 

element according to claim 12, wherein the oxygen gas 

reintroduction step includes supplying the oxygen gas, 

while rotating the substrate in an in-plane direction of 

the substrate. 

 [Claim 15] 

 The method for manufacturing the magnetoresistive 

element according to claim 9, wherein the metal film is 

magnesium. 


