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I. Introduction  

The ’167 Patent claims Yuasa’s award-winning method for manufacturing 

an MTJ with an MgO(001) barrier on amorphous CoFeB. Before Yuasa’s 

invention, manufacturing MgO(001) MTJs required painstaking processes. A 

crystalline(001) underlayer templated the formation of a lower electrode as 

crystalline(001) thereon, the lower electrode templated MgO(001) barrier 

formation thereon, and the MgO(001) barrier templated crystalline(001) upper 

electrode formation thereon. That was too complicated for mass production.   

Yuasa’s invention eliminated the complexity. Yuasa formed a non-

crystalline amorphous CoFeB layer, formed an MgO layer on that amorphous 

CoFeB, formed another amorphous CoFeB layer on the MgO, then annealed the 

entire structure. This yielded crystallized CoFeB layers and an MgO(001) barrier, 

which objective evidence shows was surprising. Infra §VII. Yuasa’s invention was 

praised for simplifying MgO MTJ manufacture, making them mass-produceable 

and unleashing commercial applications. Id. This is undisputed. Petitioner’s expert 

Bokor admitted it. Id.  

Petitioner found no prior art reference describing a manufacturing method 

remotely like Yuasa’s claimed method. POR, 26-27. Petitioner’s primary 

references (Bowen and Nagahama) used the conventional crystalline(001)-

templating approach that bore no resemblance to Yuasa’s method.  
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The Petition relied on Bowen/Nagahama’s manufacturing methods to meet 

the claimed method and only alleged POSAs would have modified the material 

(from iron to CoFeB) used to form the lower electrode. POR, 5-13. But Petitioner’s 

expert Bokor admitted Bowen/Nagahama’s manufacturing methods would not 

have worked with amorphous CoFeB and that POSAs would not have annealed the 

lower electrode—as Bowen/Nagahama did—before forming an MgO barrier 

thereon if the lower electrode was CoFeB. POR, 5-8, 11-13. The Reply’s assertion 

that Petitioner’s combinations eliminated that annealing step is baseless. The 

Petition relied on Bowen/Nagahama’s step of annealing the lower electrode before 

forming MgO on it (id., 8-11), as the Board recognized for the Bowen ground. 

Paper 9 (“DI”), 15-16; id., 22 (Nagahama ground not addressed). Petitioner should 

be held to the manufacturing methods the Petition identified. That is fatal to the 

Petition because it is undisputed that POSAs would not have adopted such methods 

because they would not have worked. 

Even if the Board accepts Petitioner’s belated disavowal of 

Bowen/Nagahama’s electrode annealing step, the grounds fail because Petitioner’s 

combinations violate everything Bowen/Nagahama taught about how to make an 

MTJ with an MgO(001) barrier. Bowen/Nagahama used the conventional approach 

that relied on a crystalline(001) structure of each layer to template crystalline(001) 

formation of the layer above it. The combinations indisputably abandon this 
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operative templating principle.  

Finally, Petitioner fails to refute the Petition’s failure to establish a 

reasonable expectation of success in forming an MgO(001) barrier layer on 

amorphous CoFeB. POR, 12-29. The Reply does not meaningfully defend the 

Petition’s failed showing. Instead, it advances new arguments, based on new 

evidence, in a belated attempt to establish prima facie obviousness. Those 

arguments—that (1) Parkin formed MgO(001) on amorphous CoFeB and (2) 

POSAs reasonably expected success in forming MgO(001) on amorphous CoFeB 

because newly-cited prior art allegedly disclosed MgO(001) forming on different 

amorphous surfaces—are subject to a Motion to Strike (Paper 30) and should not 

be considered. If considered, they fail. 

Petitioner bases its assertion that Parkin discloses forming MgO(001) on 

amorphous CoFeB on a mischaracterization of “Figure 3A’s ‘inverted 

embodiment’” shown in Fig. 11. Reply, 7. Parkin forms Fig. 11’s MgO barrier 540 

on crystalline(001) layer 520 (Parkin, 22:67-68) using “methods” in incorporated 

applications (id., 23:6-11, 19:1-6) that Parkin explains form MgO(001) on a 

crystalline(001) layer—not on amorphous CoFeB (id., 3:24-41). Petitioner and 

Bokor ignored this disclosure and are wrong about Parkin Fig. 11. No prior art 

reference taught forming an MgO(001) barrier on amorphous CoFeB.  
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The Reply’s reliance on new evidence purportedly showing MgO(001) 

formation on different amorphous surfaces fails. Reply, 7-10. No prior art 

reference supports Petitioner’s assertion that POSAs would have considered this 

informative of how an MgO barrier would form on amorphous CoFeB. All 

Petitioner has is the naked say-so of Bokor. But Bokor’s testimony is not credible.  

He is “no expert” in crystal growth. EX2018, 77:19, 77:9-78:3.1 Bokor admitted 

crystal growth is very complicated and that he did not consider, or even 

understand, many relevant considerations. Infra §§VI.A, VI.D. Patent Owner 

(“IPB”)’s expert Ross is an expert in crystal formation. She explained that given 

the complexities of crystal formation on CoFeB, POSAs would not have 

considered teachings for different amorphous surfaces to be informative. Infra 

§VI.D.1. Extensive evidence—including objective evidence praising Yuasa’s 

surprising results—corroborates her testimony. Infra §§VI.D.3, VII.   

II. Bokor Admits the Combinations Are Unworkable 

Bowen’s/Nagahama’s manufacturing methods—which anneal a lower Fe 

electrode before forming MgO on it—would not work with amorphous CoFeB 

electrodes, and POSAs would not have used them. POR, 5-13. Bokor admitted this. 

EX2018, 169:16-171:19, 173:2-5. That the claims do not require annealing the 

 
1 All emphasis added. 
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lower electrode before forming the MgO barrier (Reply, 2) is irrelevant 

obfuscation because Petitioner’s grounds do and it is undisputed that they must 

describe a workable process to establish obviousness. POR, 4-13. 

The Petition contradicts the Reply’s contention that the grounds eliminated 

Bowen’s/Nagahama’s step of annealing the lower electrode before forming MgO 

on it. Reply, 2-3. The grounds relied on the manufacturing methods in 

Bowen/Nagahama. Petition, 21 (“Bowen taught… a method of manufacturing a 

[MTJ] device as claimed”), 49 (same for Nagahama). Petitioner’s only 

modification concerning the lower electrode was changing its material from Fe to  

CoFeB. POR, 9-11; Petition, 23-29 (Bowen), 50-55 (Nagahama). “[S]ubstitut[ing]” 

the material (Reply, 2) does not eliminate Bowen’s/Nagahama’s step of annealing 

the lower electrode before forming MgO on it. POR, 8-9; EX1026, 1655; EX1027, 

[0062] (step (7)).  

Ground 1 relied on Bowen’s annealing step. Petition, 30 (“Bowen taught… 

annealing… its bottom electrode”). The Board saw this. DI, 15 (“we agree with 

Petitioner and find that Bowen teaches annealing its Fe bottom layer”). And 

Bokor admitted he did not modify Bowen’s annealing step. EX2018, 172:18-24, 

180:24-181:8; generally id., 172:18-182:11.  

Ground 2 relied on Nagahama’s step of annealing the lower electrode before 

forming MgO on it. Petition, 50 (citing EX1027, [0062] for Nagahama’s “method 
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of manufacturing”); EX1027, [0062] (annealing step (7)); DI, 22 (not addressing 

Ground 2).  

If the Petition “substituted… out” annealing the lower electrode in 

Bowen/Nagahama (Reply, 2-3), Petitioner should have been able to provide a 

pinpoint citation. It cites nothing because the Petition never made that argument. 

EX2018, 172:18-24 (Bokor admitted he never said this for Bowen). The Petition 

must state its grounds with “particularity” and provide a “detailed explanation” 

clearly explaining its combinations. 35 U.S.C. §312(a)(3); 37 C.F.R. §42.22; POR, 

4, 6, 19-21 (citing Personal Web). Those requirements prevent Petitioner from 

leveraging alleged ambiguity in the Petition to change course and offer a different 

theory after the grounds are proven deficient. Wasica Finance v. Cont'l Auto. Sys., 

853 F.3d 1272, 1286–1287 (Fed. Cir. 2017). The Board should not allow it. 

III. Petitioner Never Refutes That Its Combinations Destroy the Principle of 
Operation of Bowen’s/Nagahama’s Manufacturing Methods  

The Reply fails to refute that Petitioner’s combinations fail because they 

alter Bowen’s/Nagahama’s manufacturing processes contrary to their principle of 

operation. POR, 39-40 (citing caselaw). 

Petitioner never disputes the operative manufacturing principle in 

Bowen/Nagahama is templating—each forms a crystalline(001) underlayer to 

template formation of a crystalline(001) lower electrode, which templates 

formation of an MgO(001) barrier. The combinations eviscerate this templating 
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principle by replacing Bowen’s/Nagahama’s crystalline(001) electrode with non-

crystalline amorphous CoFeB. POR, 30-39; Netflix v. DivX, No. 2021-1931, 2022 

WL 2298983, at *3, 5-7 (Fed. Cir. June 22, 2021) (affirming Board finding that 

method claims were not proven unpatentable because POSAs were not motivated 

to make a combination that changed the primary reference’s “basic principle of… 

operation”). 

The Reply obfuscates. IPB did not allege that a CoFeB electrode would 

“subvert the operation of Bowen’s/Nagahama’s MTJ” device. Reply 15 (citing 

Mouttet to allegedly refute this strawman); see also id. (“MTJ’s Principle of 

Operation” does not change). The claims recite methods of manufacture—not a 

device. Petitioner never refutes IPB’s argument that Petitioner’s combinations 

change the “principle of operation” of Bowen’s/Nagahama’s manufacturing 

processes. Reply, 15; POR, 39-40. 

Petitioner’s remaining argument that Parkin “already” formed MgO(001) 

barriers on CoFeB electrodes fails. Reply, 15.  

First, the combinations modify Bowen’s/Nagahama’s manufacturing 

methods—not Parkin’s. POR, 30-39.  

Second, touting performance of Parkin’s device says nothing about Parkin’s 

manufacturing process. Reply, 15. 

Third, Petitioner cites Parkin’s disclosure that Fig. 3A’s device can be 
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“inverted” (id.) as in Fig. 11 (id., 5-7) but ignores Parkin’s process for forming Fig. 

11’s device. Parkin formed Fig. 11’s MgO(001) barrier 540 using a templating 

crystalline(001) layer 520. EX1062, 23:5-10, 3:24-41; infra §VI.B. Parkin provides 

no support for discarding Bowen’s/Nagahama’s operative templating principle – 

forming an MgO(001) barrier on a crystalline(001) layer—because Parkin used it 

too. POR, 39-40; Netflix, 2022 WL 2298983, at *3, 5-7; Plas-Pak Indus. v. Sulzer 

Mixpac, 600 F. App'x 755, 759 (Fed. Cir. 2015) (affirming Board’s non-

obviousness finding and explaining “[A] change in a reference’s ‘principle of 

operation’ is unlikely to motivate [POSAs] to pursue a combination with that 

reference.”).  

Petitioner’s combinations abandon Bowen’s/Nagahama’s operative 

manufacturing principle by eliminating the templating that achieves an MgO(001) 

barrier in favor of an approach nowhere taught in the prior art. That fails to 

establish obviousness.   

IV. The ’167 Patent Describes Forming MgO(001) on CoFeB 

Petitioner’s contention the ’167 Patent “provides nothing on how to fabricate 

MgO(001) on an amorphous layer” is false. Reply, 12. The ’167 Patent explains 

forming amorphous CoFeB, forming MgO on it, and annealing the device to 

achieve MgO(001). EX1013, 8:43-9:27 (modifying embodiment without epitaxial 

MgO to use CoFeB electrodes and “an anneal process after preparation of the MTJ 
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device,” yielding the ’167 Patent Fig. 11’s MTJ with MgO(001) and crystallized 

CoFeB), Fig. 11; EX2023, 2 (praising Yuasa’s “novel idea[]” forming MgO on 

“CoFeB amorphous… electrodes” wherein “[u]pon annealing CoFeB and MgO 

can be crystallized to BCC structures.”). 

V. Petitioner Never Refutes the Petition’s Failure to Establish a 
Reasonable Expectation of Success in Achieving MgO(001) On 
Amorphous CoFeB 

Every claim requires forming an MgO(001) barrier on amorphous CoFeB. 

See Limitations 1[b]/1[e] and 11[b] (“MgO(001) limitations”). The Petition never 

established prima facie obviousness for either ground because it never alleged, and 

cited no evidence establishing, that POSAs would have reasonably expected either 

ground’s process to achieve MgO(001) on the amorphous CoFeB that replaces 

Bowen’s/Nagahama’s crystalline(001) lower electrode. POR, 19-21; id., 12-29. 

 It is undisputed that the Petition mapped the MgO(001) limitations to 

unmodified Bowen/Nagahama and never addressed how or why its combinations’ 

manufacturing methods—that remove the crystalline(001) layer on which 

MgO(001) formed in Bowen/Nagahama—allegedly would have yielded 

MgO(001). Petition, 33 (1[e]: “Bowen taught… this limitation”), 57 (1[e]: 

“Nagahama taught… this limitation”); POR, 12-29. It also is undisputed that 

Ground 1’s assertion that POSAs had reason to replace Bowen’s single-crystal 

MgO(001) with polycrystalline MgO(001) (Petition, 33) says nothing about why 
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polycrystalline MgO(001) allegedly would have formed in Ground 1’s 

combination. POR, 12-29.  As Petitioner admits, polycrystalline MgO(001) formed 

in Nagahama on a crystalline(001) electrode. Petition, 57 (citing EX1027, [0073]).  

Even if the Petition is read as having alleged POSAs would have reasonably 

expected MgO(001) to form on amorphous CoFeB in its combinations (it did not), 

it is undisputed that no evidence the Petition cited to meet the MgO(001) 

limitations establishes that. POR, 12-29. 

A. Petitioner Misapplies the Law 

Petitioner concedes “blind adherence to Bowen’s/Nagahama’s fabrication 

steps” would not achieve MgO(001). Reply, 4. Petitioner was required to explain 

each combination’s contemplated workings as a “prerequisite to adequately 

explaining and supporting a conclusion that a [POSA] would have… reasonably 

expect[ed] success” in achieving the claim. POR, 19 (citing Personal Web). That a 

“brief explanation” may suffice (Reply, 12) is irrelevant because the Petition has 

no explanation of how either ground allegedly achieves an MgO(001) barrier. 

Moreover, Petitioner omits Personal Web’s statement that a brief explanation my 

suffice if “the technology is simple and familiar and the prior art is clear.”  Reply, 

12. The technology is indisputably not “simple.” EX2085, 178:13-179:3, 201:12-

202:5 (Bokor admitting crystal growth is “very complicated”); 156:23-157:8, 
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185:8-186:15 (Bokor admitting he did not understand parameters impacting crystal 

formation).  

That the expectation of success showing need not be “absolute” (Reply, 4) is 

immaterial because the Petition made no showing that POSAs would have 

reasonably expected either ground’s process to yield an MgO(001) barrier on 

amorphous CoFeB.    

B. Petitioner Should Be Held to the Petition’s Failed 
Arguments 

Petitioner must make its case “with particularity” in the Petition. 35 U.S.C. 

§312(a)(3); 37 C.F.R. §42.22. The Petition never addressed the impact eliminating 

Bowen’s/Nagahama’s crystalline(001) Fe layer would have had on a POSA’s 

expectation of whether an MgO(001) barrier would form in its combinations. That 

is stunning given the evidence that POSAs would not have expected MgO(001) to 

form on CoFeB. POR, 12-29; infra §§VI.C-VI.D. The Board should hold 

Petitioner to the Petition’s arguments and find that the Petition failed to establish a 

reasonable expectation of success in meeting the MgO(001) limitations with either 

ground’s process.  

VI. New Reply Arguments Fail If Considered 

The Reply argues: (1) Parkin discloses forming MgO(100) on amorphous 

CoFeB (Reply, 2-5) and (2) forming MgO(001) on different amorphous materials 

gave POSAs a reasonable expectation of success in achieving MgO(001) on 
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amorphous CoFeB (id., 7-10). The Petition never made these arguments so they 

should not be considered. If considered, they fail.  

A. Petitioner’s New Arguments Hinge on Untrustworthy 
Bokor Testimony   

Bokor admitted evaluating whether MgO(001) would have been expected to 

form on amorphous CoFeB involves “very complicated” crystal growth dynamics. 

EX2085, 178:5-179:3, 201:12-202:7. Bokor admitted “I’m no expert. I’m no 

crystal grower.” EX2018, 77:9-78:3. Bokor is unqualified to offer testimony on 

MgO crystal formation. Petitioner cannot carry its burden because it lacks credible 

expert testimony in this “very complicated” area. EX2085, 178:13-179:3, 201:12-

202:7; Wyers v. Master Lock, 616 F.3d 1231, 1240 n.5 (Fed. Cir. 2010) (“expert 

testimony… is sometimes essential… in cases involving complex technology”). 

As detailed below, Bokor’s testimony also warrants no weight because it is 

conclusory, and refuted by the documentary evidence and Ross who is indisputably 

a world-leading expert on crystal growth and material science. EX2053, ¶¶2-10.  

B. Parkin Does Not Form MgO(001) on Amorphous CoFeB 

The Reply cites different Parkin disclosure (e.g., Fig. 11) uncited in the 

Petition to advance the different argument that Parkin teaches “forming a 

polycrystalline MgO(001) tunnel barrier over an amorphous CoFeB layer.” Reply, 

5-7. That is improper. Ariosa Diagnostics v. Verinata Health, 805 F.3d 1359, 1367 

(Fed. Cir. 2015) (affirming Board’s refusal to consider Reply arguments relying 
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“on previously unidentified portions of a prior-art reference to make a 

meaningfully distinct contention”).   

Petitioner obfuscates by alleging Parkin discloses MgO(100) “atop” or 

“over” amorphous CoFeB. Reply, 5-7. The combinations indisputably form the 

MgO barrier on amorphous CoFeB (Petition, 28-29, 54-55) which Parkin does not 

disclose; Parkin forms its MgO(001) barrier on a crystalline(001) layer.   

1. Fig. 3A Device 

Petitioner never disputes Parkin achieved MgO(001) barrier 120' in Fig. 

3A (annotated below) by forming it on crystalline CoFe(001) layer 119. EX1062, 

9:58-10:2, 13:10-25, 17:11-39; POR, 14-16; EX2053 ¶¶84-94 (forming MgO on a 

crystalline(001) layer promotes MgO(001)).  

 
 

Parkin forms “MgO tunnel barrier 120'” on “electrode 110' using the 

method [in] application [] 10/824,835” (“’835-Application”) (Parkin, 17:21-28) 

that Parkin incorporates by reference and characterizes as forming an MgO 
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barrier on an electrode “comprised of a Co—Fe alloy, which is bcc and (100) 

textured” (id., 3:24-37). EX2053, ¶¶90-91. That is what the ’835-Application 

describes. EX2080, 26:5-19, 58:1-5, 25:8-10, 24:21-25:1, 27:10-18, 35:10-18, 

45:19-46:12.2 Bokor admitted this. EX2085, 55:1-56:15, 63:20-64:6, 65:21-68:7, 

57:12-60:24, 68:18-70:19, 75:2-16, 97:16-98:1, 103:14-107:2.  

2. “Inverted” Fig. 3A Does Not Disclose MgO(001) on 
Amorphous CoFeB 

Both experts—and Parkin—refute Petitioner’s suggestion that “inverted” 

Fig. 3A (EX1062, 17:7-10) discloses forming MgO(001) on amorphous CoFeB 

(Reply, 5-7). Petitioner’s “predictable results” argument fails because it depends 

on that false premise. Reply, 13; POR, 27-29.  

Fig. 3A’s MTJ has “reference” electrode 115 (fixed polarization) beneath,  

and “storage” electrode 175 (variable polarization) above, MgO barrier 120′. 

EX1062, 16:47-17:7. “Inverted” means inverting the reference/storage electrode 

positions so the storage electrode is beneath the MgO barrier. Id., 17:7-10; 

EX1101, 157:5-9. Petitioner’s suggestion that Parkin says Fig. 3A’s storage 

electrode remains entirely CoFeB when moved beneath the MgO is wrong.   

 Parkin’s Fig. 11 (annotated below) shows Fig. 3A’s device “inverted so that 

the storage… electrode is formed beneath” MgO barrier 540. Parkin, 22:29-33. 

 
2 EX2080 is cited as EX2079 in EX2085. 



15 

Fig. 11 adds crystalline CoFe(001) layer 520 to “storage electrode 510” (Parkin, 

22:56-23:11) to provide a template for forming MgO(001) barrier 540 using the 

’835-Application’s method. Id., 22:66-23:11. 

 
 

Both experts refute Petitioner’s (mis)reading of Parkin’s “inverted” Fig. 3A. 

EX2085, 43:24-44:10 (Bokor admitted: in EX1062, 17:7-10, “[Parkin] is not 

describing the composition of the layers”), 42:8-43:9, 44:15-45:24; EX1101, 

159:4-9 (Ross: Parkin “merely says the device may be inverted. It doesn’t give any 

further details”), 160:18-161:5 (“we don’t know which of the layers are actually 

flipped”). Bokor conceded he found no disclosure in Parkin of forming MgO(001) 

on amorphous CoFeB other than his different contention (discussed infra §VI.B.3) 

that Parkin allegedly says Fig. 11’s interface layer 520 is “optional.” EX2085, 

117:15-120:4.  
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Parkin never says MgO(001) would form on amorphous CoFeB.3  

3. Petitioner Mischaracterizes Fig. 11 

The Petition never cited Parkin Fig. 11 or argued that crystalline(001) CoFe 

interface layer 520 is optional. Supra §V (Petition’s arguments). The Reply also 

never argues that layer 520 is optional but cites new Bokor evidence alleging this. 

Reply, 7 (citing EX2018, 134:1-138:11). That argument cannot be incorporated by 

reference into the Reply. 37 C.F.R. §42.6(a)(3). This impermissible new argument 

should not be considered. Paper 30. If considered, it fails. 

Despite the Reply’s color annotation misrepresenting CoFe(001) layer 520 

as “CoFeB” (Reply, 7), bottom electrode 510 in Fig. 11 (annotated below) has 

amorphous CoFeB layer 515 and crystalline(001) Co70Fe30 interface layer 520. 

EX1062, 22:56-23:1, 3:24-37. MgO tunnel barrier 540 is “formed according to 

the methods described in” EX2080 (’835-Application) and EX2081(“’246-

Application”) which form MgO(001) on a crystalline(001) layer like interface 

layer 520. EX1062, 23:6-11, 3:24-37; EX2080, 35:12-18; EX2081, 91:5-21.  

 
3 POSAs would not expect MgO to be crystalline(001) if formed on amorphous 

CoFeB. EX1101, 157:15-161:20 
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At deposition, Bokor newly-argued that Parkin forms MgO(001) on 

amorphous CoFeB based solely on his assertion that interface layer 520 is 

“optional.” EX2018, 134:24-135:6, 135:15-20; EX2085, 117:15-120:4. If 

considered, this argument fails. 

First, Parkin’s disclosure that “[a]n interface layer 520 of a crystalline CoFe 

alloy may be used” (Parkin, 22:66-67) does not say interface layer 520 is optional. 

It says interface layer 520 “may be” CoFe. That comports with Parkin’s 

disclosure that another crystalline(001) layer 119 “may be formed from Co70Fe30” 

(id., 13:10-13). Parkin’s teaching that the crystalline(001) layer templating the 

MgO barrier can be “formed from” different crystalline(001) materials never says 

layer 520 is optional. EX2085, 52:3-20 (Bokor conceded POSAs could read Parkin 

as saying “an interface layer of something else may also be used”); 53:3-14 

(similar).  
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Second, Petitioner’s (mis)reading is inconsistent with Parkin’s teaching to 

form Fig. 11’s MgO(001) barrier 540 using the methods in EX2080-EX2081 

(Parkin, 23:6-11) which, as Parkin itself says (Parkin, 3:24-41), form MgO on a 

crystalline(001) layer. Supra §VI.B.1 (EX2080 citations); EX2081, 91:5-21. Bokor 

admitted Parkin says Fig. 11’s MgO is made using the ’835-Application’s method 

employing a crystalline(001) layer (EX2085, 107:8-108:4) and could identify no 

’835-Application disclosure of forming an MgO(001) barrier on amorphous CoFeB 

(EX2085, 55:1-75:21, 100:21-108:4). The ’835- and ’246-Applications—which 

Petitioner and Bokor ignored—directly refute Petitioner’s assertion that Parkin 

formed Fig. 11’s MgO(001) on amorphous CoFeB.  

Third, objective evidence acknowledged Parkin’s well-known work yet 

attributed discovery of MgO(001) formation on amorphous CoFeB to Yuasa. Infra 

§VII. No one has ever interpreted Parkin the way Petitioner does despite Parkin’s 

work having been cited over 4,000 times. Id. 

C. No Prior Art Reference Formed MgO(001) on CoFeB 

Bokor found no other prior art allegedly teaching MgO(001) formed on 

amorphous CoFeB (EX2085, 95:7-97:1) and admitted the sole basis for his opinion 

that this was known was his contention that Parkin’s Fig. 11 interface layer 520 

was “optional” (EX2085, 114:17-23, 117:15-120:4). Because Parkin’s Fig. 11 

MgO(001) barrier was formed on a crystalline(001) layer (supra §VI.B.3), 



19 

Petitioner failed to identify any prior art reference that formed MgO(001) on 

amorphous CoFeB.   

D. Petitioner’s New Argument that MgO Formation on Other 
Amorphous Surfaces Provided a Reasonable Expectation of 
Success Fails 

The Reply’s argument that MgO(001) formation on other amorphous 

materials provided an expectation of success in forming MgO(001) on amorphous 

CoFeB (Reply, 7-10) was not in the Petition (supra §V) and should not be 

considered. Paper 30. If considered, this argument fails. 

1. Petitioner’s Argument Rests on Unreliable Bokor 
Testimony  

It is undisputed that no prior art teaches that MgO(001) formation on 

another amorphous substrate was predictive of forming an MgO(001) barrier on 

amorphous CoFeB. The only evidence Petitioner cites to purportedly link its new 

evidence to a reasonable expectation of success in forming an MgO(001) barrier on 

amorphous CoFeB is Bokor’s naked say-so. Bokor is unqualified to offer that 

opinion. Bokor admitted MgO crystal formation “is very complicated” (supra 

§§V.A, VI.A) and he is not a crystal growth expert (supra §VI.A).  

Petitioner never disputed that Ross is expert in materials science, thin film 

growth and crystal growth. EX2053, ¶¶2-10. Ross is unequivocal that POSAs 

would not have expected MgO to crystalize on amorphous CoFeB before Yuasa 

unexpectedly showed it could be done and her testimony extensively cites 
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corroborating evidence. EX2053, ¶¶149-173, 287-326; POR, 1-2, 6-7, 21-27, 56-

68. 

Ross explained why Petitioner’s art disclosing forming MgO on SiO2 was 

not predictive of MgO(001) barrier formation on CoFeB. EX2053 ¶¶149-167. 

“MgO nucleation and grain growth depended crucially on multiple factors 

including” the substrate material. Id., ¶164; POR, 24-25.  

Bokor admitted crystal growth depends “crucially on the material of the 

substrate” (EX2085, 154:13-155:2), on the “surface energy of the substrate” (id., 

158:8-18), and other parameters (id., 152:17-158:18). Bokor has a “limited 

understanding” of these parameters. EX2085, 154:1-157:11. In opining that 

POSAs would have reasonably expected MgO(001) to form on amorphous CoFeB, 

he did “not undertake[] a detailed analysis of the mechanism involved and all the 

different parameters” (id., 152:17-153:15) and admitted he did not even 

understand many of the factors (id., 185:10-186:3). Bokor conceded he did not 

consider the impact that a different material (amorphous CoFeB) would have had 

on MgO  crystallization. Id., 179:7-22, 176:10-178:4, 172:7-176:23. 

Bokor said it would take a “rather extensive independent study [to] answer 

questions about the precise mechanisms for the formation of the highly oriented 

MgO on any particular surface” like amorphous CoFeB. Id., 153:2-15. Bokor did 

not do that “independent study.” Instead, his “analysis” was limited to citing 



21 

“references that said that results obtained [] in that particular study indicated that 

[MgO(001)] would grow on any amorphous surface. And [CoFeB] falls within the 

category of any amorphous surface.” EX2085:180:22-181:7; 176:25-177:19 

(similar). 

No prior art reference says MgO(001) “would grow on any amorphous 

surface.” Infra §VI.D.2. Bokor assumed MgO(001) would form on CoFeB if it 

formed on other amorphous surfaces. He lacked the expertise to offer that opinion 

and Petitioner’s own evidence refutes it.  

2. No Evidence Teaches that MgO(001) Forms on All  
Amorphous Substrates 

Petitioner says Nagahama, APL (EX2006), Nature (EX2008), Wulff 

(EX1036), and Tonouchi (EX1099), teach that MgO(001) forms on any 

amorphous substrate and thereby implicitly teach MgO(001) would form on 

amorphous CoFeB. Reply, 7-10. These references refute Petitioner’s argument.  

a. MgO Seed Layers Are Not MgO(001) Barriers   

Nagahama: Petitioner cites Nagahama Fig. 12’s MgO “seed layers” (double 

underlayers 202-203) on which Nagahama builds its MTJ (205) that Ground 2 

relies on. Reply, 8; EX2053, ¶¶208-211; POR, 38-39. Seed layers 202-203 are not 

Nagahama’s MgO barrier Petitioner mapped to the MgO(001) limitations. 

Petition, 54-55; EX1105, ¶13 (Bokor admitted an “MgO(001) seed layer is not a 

tunnel barrier”).  
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Petitioner concedes MgO layer 202 in Nagahama’s Fig. 12 is amorphous at 

its interface with substrate 201 and only MgO layer 203 crystallizes. Reply, 8; 

EX1027, [0056]-[0059]. This corroborates Ross’s explanation that MgO is 

expected to have a non-crystalline orientation at its interface with an amorphous 

substrate and crystallizes only at thicknesses away from the substrate. EX2053, 

¶¶159-167.    

An MTJ’s MgO barrier must be crystallized at its interface with each 

electrode. EX2085, 123:18-124:5 (Bokor admitted); EX1046, 4. The Petition 

alleged Butler’s/Nagahama’s barriers, with MgO(001) at the electrode interfaces, 

met the MgO(001) limitations. Petition, 28-29, 54-55. If MgO formed on a CoFeB 

electrode the way Nagahama’s seed layers formed (with an amorphous MgO layer 

202 on the amorphous undersurface), that would not yield the structure Petitioner 

mapped to the MgO(001) limitations. Thus, Nagahama’s seed layer teachings 

refute Petitioner’s assertion that POSAs would have reasonably expected success 

in forming an MgO(001) barrier on amorphous CoFeB in Petitioner’s 

combinations.   
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Yuasa Nature Materials (EX2008)/Inaba (EX1098): EX2008 

characterizes Inaba as teaching that Fe(001)/MgO(001)/Fe(001) MTJs can be 

prepared on any substrate using an “MgO(001) seed layer.” EX2008, 870; Reply, 

9-10. Inaba says MgO has no crystal structure at its interface with a substrate and 

only crystalizes at thicknesses away from the interface. EX1098, 2373 (“MgO 

initial layer shows no clear crystallographic structure up to around a few nm from 

the Si substrate”). Petitioner’s reliance on Inaba’s seed layer fails for the same 

reasons as its reliance on Nagahama’s seed layers.   

b. Wulff (EX1036)/Tonouchi (EX1099)  

Petitioner’s suggestion that Wulff taught forming MgO(100) on substrates 

beyond the alumina, sapphire, and float glass he studied (EX1036, 150), is 

baseless. Reply, 10. Wulff’s reference to MgO growth “regardless of the substrate 

selection” summarizes Tonouchi (reference [8])’s below-discussed results. 

EX1036, 148. 

Petitioner falsely alleges Tonouchi “confirmed MgO(100) grew ‘regardless 

of the substrate’” and saw “no material difference between 1- and 100-nm MgO 

layers.” 4 Reply, 8. Tonouchi acknowledged the well-known understanding 

(EX2053, ¶¶153-167) that sufficiently-thick MgO layers can form crystalline(100) 

 
4  IPB’s request to have Ross address Tonouchi was denied. Paper 29.   
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and investigated whether this “maintains at one monolayer of MgO deposition.” 

EX1099, 962.  

Tonouchi deposited MgO on multiple substrates. Id., 962-964. Petitioner 

seizes on Tonouchi’s teaching that MgO(001) formed at the surface with one 

(SiO2) which Tonouchi attributed to “structural surface deformation” which would 

be absent in a flat MTJ electrode. Reply, 10; EX1099, 964; EX2085, 201:4-22 

(Bokor admitted Tonouchi did not understand why crystalline MgO formed in a 

thin layer on SiO2), 192:19-23 (MTJ electrode must “be very flat”). Petitioner 

ignores Tonouchi’s teaching that MgO did not form at the interface for other 

substrate materials (InP, GaAs). EX1099, 964. Tonouchi refutes that MgO(001) 

would form “regardless of the substrate.” Reply, 10.  

c. Wang-1997 (EX1097)  

Wang-1997 formed MgO(001) on Si3N4. Reply, 7; EX1097, 2955. Wang-

1997 says nothing about crystallizing MgO on any other substrate. It is undisputed 

that MgO crystal formation depends on many factors including the substrate 

material. POR, 39-42; EX2053 ¶¶153-167. Tonouchi’s findings corroborate this. 

Supra §VI.D.2.b.   

Bokor never considered, and did not even understand many of, the factors  

impacting MgO crystal formation. Supra §§VI.A, VI.D.1. Petitioner cites no 

credible evidence that POSAs would have expected Wang-1997’s teaching for 
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Si3N4 (not a metal) to be predictive of forming MgO(001) on CoFeB (a metal).  

Moreover, Wang-1997’s process is incompatible with MTJs. EX2085, 

188:12-190:14, 192:19-194:8 (Bokor could not explain how Wang-1997’s ion-

beam-assisted deposition could form an MTJ without damaging the ferromagnetic 

layer, which must “be very flat” (id., 192:19-23)).  

d. APL (EX2006)  

Petitioner’s contention that Yuasa’s APL paper “refutes” that MgO(001) 

forming on CoFeB was surprising, because APL cites Wang-1997’s MgO(001) 

growth on amorphous Si3N4, is extraordinary. Reply, 9. In the same paragraph that 

cites Wang-1997, APL says: “Surprisingly, the MgO layer, grown on the 

amorphous CoFeB layer, showed a good crystalline structure with a (001) fiber 

texture.” EX2006, 2. APL confirms Yuasa’s discovery was surprising. Infra §VII 

(Petitioner never disputes this article in a prestigious peer-reviewed journal has 

been cited over a thousand times).  

3. Ross’s Testimony is Corroborated and Credible 

Petitioner’s allegation that Ross is “unreliable” because she allegedly said 

“MgO forms only ‘random grain orientation’ on amorphous surfaces” (Reply, 8-9) 

misrepresents her testimony. Ross testified that POSAs knew MgO “would most 

likely have resulted in random grain orientation.” EX2053, ¶164. Extensive 

objective evidence (supra §VI.D.2.a) and Petitioner’s references Nagahama and 
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Inaba—which taught that MgO was amorphous/non-crystalline at its interface with 

many substrates—corroborate her testimony. Supra §VI.D.2.a- VI.D.2.b.  

Petitioner’s assertion that Ross’s crystal formation testimony is “unreliable” 

is extraordinary. Reply, 8-9. Petitioner cites Bokor’s (unqualified) testimony 

criticizing Ross’s citation to Petrov’s teaching that initial crystal formation 

(“nucleation”) on amorphous substrates is random—not (001)—and that MgO 

forms as (001) only at thicknesses away from the substrate, because Petrov is not 

specific to MgO (POR, 23-24; EX2053, ¶¶153-167; EX2065, S118, S126). Reply, 

8-9 (citing EX1105, ¶25). Despite bearing the burden, Petitioner cites no evidence 

suggesting that POSAs expected these fundamental crystal growth dynamics to not 

apply to MgO. 

Indeed, Aboelfotoh (EX2062)’s findings mirror Petrov’s for MgO: MgO 

formed randomly on amorphous substrates and as (001) only at thicknesses away 

from the substrate. POR, 23; EX2053, ¶¶162-164; EX2062, 621-625.  

Aboelfotoh explains why the substrate material matters: when factors 

suggest a strong bond between MgO and the amorphous material surface on which 

it forms POSAs expected random MgO grain orientation, whereas when those 

factors suggest a weak bond, MgO(001) may form at the surface. EX2062, 625. 

Bokor never considered Aboelfotoh’s explanation, could not explain Aboelfotoh’s 

factors, and refused to answer whether applying Aboelfotoh’s factors to CoFeB 



27 

would lead POSAs to expect random grain formation at the surface rather than 

(001). EX2085, 173:13-180:4, 183:24-187:22.  

Petitioner cites Bokor’s (unqualified) testimony that EX1104 refuted 

Aboelfotoh. Reply, 9 (citing EX1105, ¶¶28-30). But EX1104 confirmed 

Aboelfotoh’s results because MgO layers thinner than 150 nm were “amorphous” 

and only thicker films had a (111) or (001)/(200)-orientation. EX1104, 3733. It is 

undisputed that MTJ MgO barriers were on the order of 10 nm. EX2053, ¶164. 

Aboelfotoh and EX1104 show that MgO was amorphous/non-crystalline at the 

thicknesses required for an MTJ. Bokor’s discussion of MgO crystallizing at 

greater thickness is irrelevant obfuscation.    

VII. Secondary Considerations  

A. Praise 

Petitioner never disputes Yuasa’s industry-praised APL paper (EX2006) 

describes a CoFeB/MgO/CoFeB MTJ manufacturing method meeting claim 1.5 

POR, 59-60; EX2053, ¶¶290-296; Reply, 23-24; Volvo v. Brunswick, 81 F.4th 

1202, 1212 (Fed. Cir. 2023) (nexus provided by claimed combination as a whole).  

Park (EX2005) - Petitioner never disputes its employee praised Yuasa’s 

 
5 Ross admitting no nexus for claims requiring “entirely crystallized” 

ferromagnetic layers is irrelevant to claim 1.  
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invention as a “practical solution to overcome” the difficulty in forming MgO(001) 

MTJs on “a single crystal substrate” by showing MgO(001) formation on 

amorphous CoFeB. POR, 62; EX2005, 36, 39-40; EX2085, 15:2-16:21, 32:3-25 

(admitting same); see also id., 28:23-31:11 (admitting Park describes claim 1),  

20:10-15 (admitting Park describes and praises APL’s manufacturing technique as 

providing a practical solution to the problems EX2005 described), 12:20-13:6, 

14:6-17:1, 138:22-139:15.  

Gao (EX2022) - Petitioner never disputes another employee—after 

discussing Parkin’s work—praised the “significance” of Yuasa’s 

CoFeB/MgO/CoFeB MTJ manufacturing method that formed “strong (001) MgO 

texture” on amorphous CoFeB instead of on a crystalline(001) layer. POR, 62; 

EX2022, 106-107, 111; EX2085, 125:7-129:11 (admitting same).   

TDK (EX2023) – Petitioner never disputes TDK—after discussing Parkin’s 

work—praised Yuasa’s “novel idea[]” that formed “simple CoFeB amorphous 

magnetic electrodes” and showed that “[u]pon annealing CoFeB and MgO can be 

crystallized.” POR, 62-63; EX2023, 2; EX2085, 129:13-137:15, 138:22-139:15, 

136:25-137:15 (conceding Yuasa’s method made manufacturing MgO barriers 

“much easier” for reasons EX2023 explains).   

Petitioner’s only response alleges Parkin “already disclosed” 

CoFeB/MgO/CoFeB “MTJs” —not MTJ manufacturing methods—“rendering 
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Park/Gao/TDK incapable of showing non-obviousness.” Reply, 26. Petitioner 

provides no analysis and cites no evidence supporting its assertion that Parkin 

teaches claim 1.6 Reply, 23-28. The Examiner disagreed. EX1013, 2 (code(56), 

considering EX1062).  

Parkin does not teach forming MgO(001) on amorphous CoFeB (supra 

§VI.B). Park, Gao and TDK praised Yuasa for this. Gao and TDK acknowledged 

Parkin’s work (EX2022, 107 (ref. 9); EX2023, 2 (ref. 19)) but credited Yuasa, not 

Parkin, with forming MgO(001) on amorphous CoFeB. Whether Parkin discloses 

individual claim limitations—rather than the claimed method as a whole—fails to 

refute nexus. Chemours v. Daikin, 4 F.4th 1370, 1378 (Fed. Cir. 2021). 

“Concluding otherwise would mean that nexus could never exist where the claimed 

invention is a unique combination of known elements from the prior art.” Id. 

B. Awards 

Petitioner never disputes Yuasa received an award for “an original method 

of growing a crystalline layer [MgO] on an amorphous layer [CoFeB].” POR, 64-

65 (citing EX2034, 1 and EX2035).  

Bokor admitted Yuasa’s invention eliminated need for a crystalline(001) 

underlayer and enabled mass production “on arbitrary underlying layers” which 

 
6 Petitioner presented no Parkin anticipation ground.  
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unleashed industrial applications for MgO MTJs. EX2085, 139:18-141:14, 143:1-

9. EX2029 and EX2024 praised Yuasa for this contribution. POR, 63-64, 67.  

Petitioner’s assertion that Yuasa’s awards (EX2024, EX2026, EX2029-

EX2035) “lack nexus because Parkin previously disclosed MgO-CoFeB MTJs” 

(Reply, 27) fails as explained supra §VI.B.   

C. Yuasa’s Surprising Results 

Petitioner never disputes EX2006 describes claim 1’s method, says 

“[s]urprisingly, the MgO layer, grown on amorphous CoFeB layer, showed a good 

crystalline structure with a (001) fiber texture,”7 nor that this paper appears in a 

prominent peer-reviewed journal and has been cited over 1,200 times. POR, 5, 26-

27, 59-60; EX2017, 191:20-25 (Bokor: “prominent journal”). APL’s editors and 

peer reviewers endorsed Yuasa’s result as surprising and Petitioner cites no 

evidence of anyone disputing that despite this paper being widely-cited.    

VIII. Petitioner’s Challenges Fail for All Claims 

Petitioner’s challenges to all claims fail for the above reasons, and its 

challenges to claims 2, 4, 6, and 12-13 also fail because they are unsupported by 

expert testimony. POR, 55-56.   

  

 
7 APL does not “refute[]” any “surprise” (Reply, 9). Supra §VI.D.2.d.  
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