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On information and belief, Western Digital Corporation and Western Digital Technologies, Inc. (collectively, “Western Digital” or 
“WD”) Accused Products, including their hard disk drives (“HDDs”) infringe U.S. Patent No. 7,884,403.     
 
’403 Claim 5 Exemplary Western Digital Infringement 

5. A magnetoresistive 
device, comprising: 

If the preamble is limiting, on information and belief, each of WD’s hard disk drives includes a 
tunneling magnetoresistive (Tunneling MR) read head sensor, which is a magnetoresistive (MR) 
device as claimed.   

See, e.g., Terris presentation (Western Digital presentation):1  

                                                 
1 Bruce D Terris, “Magnetic Recording and Magnetic Memory,” presentation at IEEE Magnetics Society Summer School, Virginia 
Commonwealth University, June 5, 2019, (Copy accessible at 
https://egr.vcu.edu/media/engineering/documents/mne/TerrisSummerSchool2019fordistribution.pdf) 
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’403 Claim 5 Exemplary Western Digital Infringement 

 

WD designs and manufactures  “substantially all of the recording heads [] required for our 
products,” according to WD’s most recent 10-K.2   

A WD patent filed in 2020 and issued in 2022 (U.S. Patent No. 11,283,006, the “’006 Patent”) also 
describes a “magnetoresistive device [that] includes a read head.”  ’006 Patent, Abstract. The ’006 

                                                 
2 2023 10-K, available at https://investor.wdc.com/static-files/9468af6f-967f-4709-bcaf-c0e9510264dd, at 8. 
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’403 Claim 5 Exemplary Western Digital Infringement 

Patent lists Zheng Gao as an inventor, who according to LinkedIn is presently Global Director for a 
“joint Dev and MFG team thin film sensor wafer process” at HGST, a WD company.  

 

 

 
 

a first ferromagnetic 
material layer of a BCC 
structure; 

On information and belief, the WD Accused Products include a first ferromagnetic material layer of a 
BCC [Body-Centered Cubic] structure.   
 
For example, the Terris presentation contains a slide titled “Read Head Sensor Technologies” which 
shows that since 2006, a Tunneling MR sensor has a structure that includes a MgO tunnel barrier 
between a CoFeB layer and a CoFe/NiFe layer.3 The CoFe/NiFe layer is a first ferromagnetic material 
layer.  

                                                 
3 See supra footnote 1, at 22. 
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’403 Claim 5 Exemplary Western Digital Infringement 
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’403 Claim 5 Exemplary Western Digital Infringement 

 

WD’s ’006 Patent describes a magnetoresistive device 401 that includes a CoFe ferromagnetic 
nanolayer 413 in the “first free layer 410.” ’006 Patent, FIG. 4B. CoFe nanolayer 413 has “a body 
centered cubic (BCC) configuration.” Id., 10:30-33.  
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’403 Claim 5 Exemplary Western Digital Infringement 

 

See also ’006 Patent, claim 14.  

First ferromagnetic 
layer 
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’403 Claim 5 Exemplary Western Digital Infringement 

 

Further, a 2013 presentation by a member of HGST’s Read Head Development team describes a “Thin 
Film Read Magnetic Sensor” with the following structure comprising a MgO layer between 
ferromagnetic layers including two CoFeB layers.4 The CoFeB layers are ferromagnetic material 
layers and include a first ferromagnetic material layer.  HGST was acquired as a subsidiary of WD in 
2012, and since 2018 WD has transitioned away from hard disk drive products using the HGST brand 
into the WD branding.5  
 

                                                 
4 https://nccavs-usergroups.avs.org/wp-content/uploads/PAG2013/2013_4gao.pdf at 12.  
5 https://www.guru3d.com/story/western-digital-moves-away-from-the-hgst-branding. 
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’403 Claim 5 Exemplary Western Digital Infringement 

 

a second ferromagnetic 
material layer of the BCC 
structure; and 

On information and belief, the WD Accused Products include a second ferromagnetic material layer of 
the BCC structure.   

For example, WD’s ’006 Patent describes a magnetoresistive device 401 that includes a CoFe 
ferromagnetic nanolayer 431 in the “second free layer 430.” ’006 Patent, FIG. 4B. CoFe nanolayer 
431 has “a body centered cubic (BCC) configuration.”  Id., 10:30-33.  
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’403 Claim 5 Exemplary Western Digital Infringement 

 

See also ’006 Patent, claim 15.  

Second ferromagnetic 
layer 
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’403 Claim 5 Exemplary Western Digital Infringement 

 

Further, the sensor structure illustrated in the Terris presentation which includes a MgO tunnel barrier 
between a CoFeB layer and a CoFe/NiFe layer.6 The CoFeB layer is a second ferromagnetic material 
layer.  

                                                 
6 See supra, footnote 1 at 22. 

Case 1:24-cv-00342-RGA   Document 1-1   Filed 03/15/24   Page 74 of 130 PageID #: 103

WD EX1064 
Western Digital v IP Bridge 

Page 10



EXHIBIT D 
Claim Chart for U.S. Patent No. 7,884,403 and Western Digital 

 

11 
 

’403 Claim 5 Exemplary Western Digital Infringement 

 

In addition, a 2013 presentation by a member of HGST’s Read Head Development team describes a 
“Thin Film Read Magnetic Sensor” with the following structure comprising a MgO layer between 
ferromagnetic layers including two CoFeB layers.7 The CoFeB layers are ferromagnetic material 
layers and include a second ferromagnetic material layer.    

                                                 
7 See supra, footnote 4.  
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’403 Claim 5 Exemplary Western Digital Infringement 

 

a magnesium oxide layer 
located between said first 
ferromagnetic material 
layer and said second 
ferromagnetic material 
layer, wherein 

On information and belief, the WD Accused Products include a magnesium oxide layer located 
between said first ferromagnetic material layer and said second ferromagnetic material layer.   
 
For example, WD uses MgO (magnesium oxide) as a tunnel barrier in the TMR read heads of its hard 
disk drives, located between said first ferromagnetic material layer and said second ferromagnetic 
material layer.  
 
For instance, in a 2022 report published by Seagate and Western Digital describes “[C]ontinued 
optimization of MgO MTJ stack,” “improved low RA FeCo/MgO stack” and “improved tunnel barrier 
quality” in the context of “future reader designs, challenges, and []potential solution paths.” 8   
 

                                                 
8 G. Albuquerque, S. Hernandez, M. T. Kief, D. Mauri and L. Wang, “HDD Reader Technology Roadmap to an Areal Density of 4 
Tbpsi and Beyond,” in IEEE Transactions on Magnetics, vol. 58, no. 2, pp. 1-10, Feb. 2022, Art no. 3100410, doi: 
10.1109/TMAG.2021.3081042. 
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’403 Claim 5 Exemplary Western Digital Infringement 

 

Further, the Findings of Fact, Conclusions of law, and Decision in the American Arbitration 
Association Case No. 651600012907 dated November 18, 2011 (“Arbitration Decision”),9 state that 
WD, through wrongful conduct, introduced an MgO TMR head product into the market.  

The Arbitrator found that:  

 

Arbitration Decision at 27. 

 

                                                 
9 Available at https://amlawdaily.typepad.com/01302012western_interim.pdf 
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’403 Claim 5 Exemplary Western Digital Infringement 

In addition, the Terris presentation contains a slide titled “Read Head Sensor Technologies” which 
appears to show that since 2006, a Tunneling MR sensor has a structure that includes a MgO tunnel 
barrier between a CoFeB layer and a CoFe/NiFe layer.10    
 

 

WD’s ’006 Patent also illustrates a barrier layer 420 in FIG. 4B that is described as including “MgO 
with (001) crystalline texture.” ’006 Patent, 10:7-13.    

                                                 
10 See supra, footnote 1 at 22. 
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’403 Claim 5 Exemplary Western Digital Infringement 

 

 

See also ’006 Patent, claim 8.  

 

Magnesium oxide 
layer 
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’403 Claim 5 Exemplary Western Digital Infringement 

See also id., 11:54-57: 

 
 
Furthermore, the 2013 presentation by HGST describe a MgO layer.11 The same presentation cites Dr. 
Yuasa’s 2004 publication in a slide titled “TMR Barrier from Year 2004.” 12 
 

 

 

                                                 
11 See supra, footnote 4. 
12 See supra, footnote 4 at 10. 
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’403 Claim 5 Exemplary Western Digital Infringement 

said magnesium oxide is a 
single-crystalline (001) or 
a poly-crystalline 
crystalline in which (001) 
crystal plane is 
preferentially oriented, 

On information and belief, the WD Accused Products include the magnesium oxide being a single-
crystalline (001) or a poly-crystalline crystalline in which (001) crystal plane is preferentially oriented. 

For example, WD’s ’006 Patent describes a “MgO with (001) crystalline texture.” ’006 Patent, 10:7-
13.    

 

 See also id., 11:54-57: 

 

wherein said magnesium 
oxide has oxygen vacancy 
defects, and 

On information and belief, the WD Accused Products include the magnesium oxide having oxygen 
vacancy defects. 

For example, WD’s ’006 Patent describes oxygen vacancies in the MgO barrier due to presence of B 
in the free layer. ’006 Patent, 7:54-63.    
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’403 Claim 5 Exemplary Western Digital Infringement 

In addition, in the arbitration between Seagate and WD, on information and belief the Seagate 
products reflecting its alleged Trade Secret 3 had a MgO barrier layer formed from a tri-layer 
Mg/MgO/Mg structure; forming the final MgO barrier layer uses an anneal process, which would 
distribute oxygen atoms throughout the tri-layer structure to form a uniform MgO barrier layer; and 
this results in oxygen vacancy defects in the MgO barrier layer at least because there are fewer O 
atoms than Mg atoms in the Mg/MgO/Mg tri-layer structure.  Arbitration Decision at 10:  
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’403 Claim 5 Exemplary Western Digital Infringement 

Furthermore, in that arbitration Seagate contended that WD had used Seagate’s alleged tri-layer 
“secret,” indicating that WD’s HDDs copied Seagate’s tri-layer Mg/MgO/Mg structure.13   
Arbitration Decision, 10-11. WD did not argue otherwise in that matter.    
 
WD has also disclosed its use of a MgO tunnel barrier in its read/write heads, as discussed above 
regarding the previous limitation and incorporated here. 
   

wherein said magnesium 
oxide has a tunnel barrier 
height in a range of 0.2 to 
0.5 eV. 

On information and belief, the WD Accused Products include the magnesium oxide having a tunnel 
barrier height in a range of 0.2 to 0.5 eV. 

For example, the presence of oxygen vacancy defects indicates a tunnel barrier height as claimed.  

A tunnel barrier height as claimed is the result of oxygen vacancy defects, as explained in the ’403 
Patent.  

For example, the ‘403 Patent attributes the low barrier height and increase in tunneling current to 
oxygen vacancy defects. ‘403 Patent, 6:47-7:2 (“when there are oxygen vacancy defects, a potential 
barrier height Φ 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.”).  

Moreover, a later-published 2016 study examined the “presence, and impact on magnetotransport, of 
oxygen vacancies in MgO” in an attempt to explain Dr. Yuasa’s reported “high TMR values [] 
observed concomitantly with tunnelling barrier heights of much lower amplitude than the 3.9eV 
expected from the MgO.” The study concluded that “[t]his combination of high TMR and low RA-

                                                 
13 In the Arbitration Decision, the arbitrator did not reach the issue of whether WD misappropriated the alleged tri-layer trade secret 
(Trade Secret 3) because of a finding that Seagate did not adequately prove alleged Trade Secret 3 qualified for trade secret protection. 
Arbitration Decision at 10-11.  Nothing in the Arbitration Decision indicates that WD proffered any evidence that its design did not 
use the tri-layer structure, however.  
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’403 Claim 5 Exemplary Western Digital Infringement 

product, []cannot be explained by standard theory,” and “confirms that defect-induced barrier heights 
are required.”14 

Further, as discussed above, in the arbitration Seagate contended that WD had used Seagate’s alleged 
tri-layer “secret,” indicating that WD’s HDDs copied Seagate’s tri-layer Mg/MgO/Mg structure, and 
WD never proffered evidence that its HDDs did not have such a tri-layer structure.  Arbitration 
Decision at 10-11, 27.  On information and belief, the presence of such a tri-layer structure indicates 
that magnesium oxide has a tunnel barrier height in a range of 0.2 to 0.5 eV as claimed.  

 

 

                                                 
14 U. Halisdemir, F. Schleicher, D. J. Kim, B. Taudul, D. Lacour, et al., “Oxygen-vacancy driven tunnelling spintronics across MgO,” 
Proceedings Volume 9931, Spintronics IX; 99310H (2016), available at https://doi.org/10.1117/12.2239017. 
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