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Director of the United States Patent and Trademark Office 
c/o Office of the General Counsel 
Madison Building East, 10B20 
600 Dulany Street 
Alexandria, VA  22314-5793 

 

Notice is hereby given, pursuant to 37 C.F.R. § 90.2(a), that Petitioner 

Samsung Electronics Co., Ltd. (“Petitioner”) appeals to the United States Court of 

Appeals for the Federal Circuit from the Final Written Decision entered on 

April 10, 2018 (Paper 31) (the “Final Written Decision”) by the United States 

Patent and Trademark Office, Patent Trial and Appeal Board (the “Board”), and 

from all underlying orders, decisions, rulings, and opinions.  A copy of the Final 

Written Decision is attached. 

In accordance with 37 C.F.R. § 90.2(a)(3)(ii), Petitioner indicates that the 

issues on appeal include, but are not limited to, the Board’s determination that 

Petitioner has not demonstrated, by a preponderance of the evidence, that claims 1-

4, 6, and 7 of U.S. Patent No. 6,849,897 are unpatentable over the prior art, and 

any findings or determinations supporting or related to that ruling including, 

without limitation, the Board’s construction and application of the claim language, 

the Board’s interpretation of the prior art, and the Board’s interpretation of expert 

evidence. 
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Simultaneous with this submission, a copy of this Notice of Appeal is being 

filed with the Board.  In addition, the Notice of Appeal and the required fee are 

being filed electronically with the Clerk of Court for the United States Court of 

Appeals for the Federal Circuit. 

Respectfully submitted this 11th day of June, 2018. 

 

 By:  /Naveen Modi/                    
Naveen Modi 
Registration No. 46,224 
Paul Hastings LLP 
875 15th Street, N.W. 
Washington, DC  20005 
(202) 551-1700 
naveenmodi@paulhastings.com 
 

Counsel for Petitioner 
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CERTIFICATE OF SERVICE 

The undersigned certifies that, in addition to being filed electronically 

through Patent Trial and Appeal Board End to End (PTAB E2E), the original 

version of this Notice of Appeal was filed by express overnight mail on June 11, 

2018 with the Director of the United States Patent and Trademark Office, at the 

following address: 

Director of the United States Patent and Trademark Office 
c/o Office of the General Counsel 
Madison Building East, 10B20 
600 Dulany Street 
Alexandria, VA  22314-5793 

The undersigned also certifies that a true and correct copy of this Notice of 

Appeal and the required fee were filed electronically via CM/ECF on June 12, 

2018, with the Clerk of Court for the United States Court of Appeals for the 

Federal Circuit. 

The undersigned also certifies that a true and correct copy of this Notice of 

Appeal was served on June 11, 2018, on counsel of record for ProMOS 

Technologies, Inc. by electronic mail (by agreement of the parties) at the following 

address: 
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Craig R. Kaufman (Reg. No. 34,636) 
TechKnowledge Law Group LLP 
100 Marine Parkway, Suite 200 
Redwood Shores, CA 94065 
Email: ckaufman@tklg-llp.com 
 
Kevin C. Jones (Reg. No. 55,308) 
TechKnowledge Law Group LLP 
100 Marine Parkway, Suite 200 
Redwood Shores, CA 94065 
Email: kjones@tklg-llp.com 
 
Promos.Samsung-TKLGALL@tklg-llp.com 

 
 
Dated:  June 11, 2018 Respectfully submitted, 

     /Naveen Modi/ 
 Naveen Modi (Reg. No. 46,224) 

Counsel for Petitioner 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

____________ 

 

BEFORE THE PATENT TRIAL AND APPEAL BOARD 

____________ 

 

SAMSUNG ELECTRONICS CO., LTD., 

Petitioner,  

 

v. 

 

PROMOS TECHNOLOGIES, INC., 

Patent Owner. 

____________ 

 

Case IPR2017-00032 

Patent 6,849,897 B2 

____________ 

 

 

Before KEVIN F. TURNER, JO-ANNE M. KOKOSKI, and  

JEFFREY W. ABRAHAM, Administrative Patent Judges. 

 

KOKOSKI, Administrative Patent Judge. 

 

FINAL WRITTEN DECISION 

35 U.S.C. § 318(a) and 37 C.F.R. § 42.73 
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I.  INTRODUCTION 

We have jurisdiction to conduct this inter partes review under 35 

U.S.C. § 6, and this Final Written Decision is issued pursuant to 35 U.S.C. 

§ 318(a) and 37 C.F.R. § 42.73.  For the reasons that follow, we determine 

that Petitioner has not shown by a preponderance of the evidence that claims 

1–4, 6, and 7 (“the challenged claims”) of U.S. Patent No. 6,849,897 B2 

(“the ’897 patent,” Ex. 1001) are unpatentable. 

A. Procedural History 

Samsung Electronics Co., Ltd. (“Petitioner”) filed a Petition (“Pet.”) 

requesting an inter partes review of the challenged claims of the ’897 patent.  

Paper 2 (“Pet.”).  ProMOS Technologies, Inc. (“Patent Owner”) did not file 

a Preliminary Response.  Pursuant to 35 U.S.C. § 314(a), we instituted an 

inter partes review on the following grounds: 

Reference(s) Basis Challenged Claim(s) 

Ogata1 § 102(b) 1 

Ogata and Dong2 § 103(a) 2, 3 

Ogata, Park,3 and Shappir4 § 103(a) 4, 7 

Ogata and Shappir § 103(a) 6 

Fuseno5 § 102(b) 1 

                                           
1 Japanese Publication No. JPH10–154761, published June 9, 1998 

(Ex. 1004).  We refer to “Ogata” as the English translation of the original 

reference (id. at 1–13). 
2 US 6,187,633 B1, issued Feb. 13, 2001 (Ex. 1005). 
3 US 6,271,091 B1, issued Aug. 7, 2001 (Ex. 1006). 
4 US 5,258,333, issued Nov. 2, 1993 (Ex. 1007). 
5 Japanese Publication No. JPH10–335500, published Dec. 18, 1998 

(Ex. 1010).  We refer to “Fuseno” as the English translation of the original 

reference (id. at 1–14). 
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Paper 6 (“Dec. on Inst.”), 23–24. 

After institution of trial, Patent Owner filed a Patent Owner Response 

(Paper 11, “PO Resp.”), and Petitioner filed a Reply (Paper 15, “Reply”).  

Patent Owner filed a Motion for Observation Regarding the Cross-

Examination of Dr. Jeffrey Bokor (Paper 21), and Petitioner filed a 

Response (Paper 25).  Petitioner relies on the Declaration of Dr. Jeffrey 

Bokor (Ex. 1002, “Bokor Declaration”) and the Rebuttal Declaration of 

Dr. Jeffrey Bokor (Ex. 1014, “Bokor Rebuttal Declaration”).  Patent Owner 

relies on the Declaration of Dhaval Brahmbhatt (Ex. 2002, “Brahmbhatt 

Declaration”).   

An oral hearing was held on January 11, 2018.  A transcript of the 

hearing is included in the record.  Paper 30. 

B. Related Proceedings 

Petitioner indicates that the ’897 patent is asserted in ProMOS Techs., 

Inc. v. Samsung Elecs. Co., Ltd., No. 1:15–cv-00898-SLR-SRF (D. Del. 

2015).  Pet. 1; see Paper 5, 1.   

C. The ’897 Patent 

The ’897 patent, titled “Transistor Including SiON Buffer Layer,” is 

directed to integrated circuits generally, and, more specifically, to 

nonvolatile integrated memories.  Ex. 1001, 1:11–12.  Figure 2 of the ’897 

patent is reproduced below. 
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Figure 2 is “a cross-section of nonvolatile memory cells in a process of 

fabrication according to an embodiment of the present invention.”  Id. at 

2:60–62.  Semiconductor substrate 120 is a suitably-doped monocrystalline 

silicon substrate that “is processed to form a suitably doped channel region 

150 (type P in FIG. 2, but an N type channel can also be used).”  Id. at 3:11–

12, 23–25.  Dielectric layer 130 “is formed on substrate 120 over channel 

150,” and “may be thermally grown silicon dioxide or some other type of 

dielectric, and is known as ‘tunnel oxide’ because the memory cell can be 

erased by the Fowler-Nordheim tunneling of electrons from the floating gate 

to substrate 120.”  Id. at 3:25–30.   

Polysilicon layer 110 is deposited on top of dielectric layer 130, and 

“will provide the floating gates and, possibly, other circuit elements as 

needed for the peripheral circuitry.”  Id. at 3:34–35, 44–46.  Dielectric layer 

200 is deposited over the floating gate, and can be “an ONO multilayer, 

wherein a high temperature oxide is formed over the polysilicon floating 

gate, followed by silicon nitride, followed by another layer of high 
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temperature oxide.”  Id. at 3:49–54.  The ’897 patent states that “[t]his 

structure is often called an ONO interpoly dielectric since it is sandwiched 

between the phosphorous doped polysilicon layer 110 which constitutes the 

floating gate for a flash memory cell, and an overlying second polysilicon 

layer 170, which forms the control gate for the cell.”  Id. at 3:54–59.  Layers 

310 and 610 of interpoly dielectric layer 200 are silicon dioxide layers 

formed by a high temperature oxidation process, and layer 410 is the silicon 

nitride layer.  Id. at 3:59–64. 

According to the ’897 patent, “the process of high temperature 

oxidation introduces dichlorosilane into the reaction chamber to react with 

N2O, and this process releases chlorine gas that can attack the polysilicon 

surface 110, leaving a roughened surface morphology.”  Id. at 3:65–4:2.  

The ’897 patent solves this problem by forming a thin layer of SiON (buffer 

layer 210) on the surface of polysilicon layer 110 such that “the surface of 

polysilicon layer 110 may be protected from the chlorine” and “retains its 

uniform surface morphology and resistance to leakage current.”  Id. at 4:2–8.  

“As shown in FIG. 2, a lower surface 110a of the polysilicon layer 110 is 

over and contacts dielectric layer 130.  The buffer layer 210 contacts an 

upper surface 110b of polysilicon layer 110.”  Id. at 4:19–22.  SiON 

protective layer 510 can optionally be formed on the top surface of silicon 

nitride layer 410.  Id. at 5:11–13.   

The ’897 patent explains that “[k]nown techniques can be used to 

complete the memory fabrication,” including depositing doped polysilicon 

layer 170 to provide the control gates.  Id. at 5:42–44.  Source/drain regions 

140 can also be formed by doping.  Id. at 5:63.  
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Claims 1 and 7 are independent claims, and are reproduced below. 

1. An integrated circuit comprising a nonvolatile memory 

cell, said integrated circuit comprising: 

a channel region in a semiconductor substrate; 

a first dielectric layer on a surface of the channel region; 

a floating gate of polysilicon on the first dielectric layer; 

a first buffer layer of SiON in contact with the floating gate; 

a second dielectric layer comprising a first layer of high 

temperature oxide in contact with the first buffer layer, a layer 

of silicon nitride on the first layer of the high temperature 

oxide, and a second layer of high temperature oxide on the 

layer of silicon nitride; and 

a control gate of polysilicon separated from the floating gate by 

the first buffer layer and the second dielectric layer, 

wherein the floating gate has a lower first surface covering and 

in contact with the first dielectric layer, an upper second 

surface covered by and in contact with the first buffer layer, 

and peripheral side surfaces extending vertically between 

the first and second surfaces, the side surfaces not being 

covered by the first buffer layer. 

Ex. 1001, 8:13–36. 

7. An integrated circuit comprising a nonvolatile memory 

cell, said integrated circuit comprising: 

a channel region in a semiconductor substrate between source 

and drain regions; 

a floating gate of polysilicon over a surface of the channel region; 

a control gate over the floating gate, wherein a dielectric layer is 

between the floating gate and the control gate; 

a select gate of polysilicon over the surface of the channel region 

adjacent the floating gate and the control gate, and separated 

from the floating gate and the control gate by a dielectric layer; 
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a buffer layer of SiON in contact with the surface of the channel 

region and between the surface of the channel region and the 

select gate; and 

a layer of a high temperature oxide in contact with the buffer 

layer and between the buffer layer and the select gate, 

wherein the floating gate has a lower surface facing the 

channel region, an upper second surface opposite the lower 

first surface, and peripheral side surfaces extending 

vertically between the first and second surfaces, and further 

comprising: 

a second buffer layer of SiON over and in contact with the 

upper second surface of the floating gate and between the 

dielectric layer and the control gate, wherein the side 

surfaces of the floating gate are not covered by the second 

buffer layer. 

Id. at 8:62–10:10.  Claims 2–4 and 6 depend, directly or indirectly, from 

claim 1, and include additional limitations directed to a second buffer 

layer in contact with the silicon nitride layer, among others.   

II.  ANALYSIS 

A. Level of Ordinary Skill in the Art 

Petitioner argues that a person of ordinary skill in the art at the time of 

the ’897 patent “would have had at least a master’s degree in materials 

science, physics, electrical engineering, or related disciplines, and at least 

two years of experience in the design and fabrication of CMOS integrated 

circuits and at least one year of experience in the design and fabrication of 

CMOS non-volatile memory circuits.”  Pet. 5–6 (citing Ex. 1002 ¶ 16).  

Petitioner states that “[m]ore education can supplement practical experience 

and vice versa.”  Id. at 6.  

Patent Owner does not dispute Petitioner’s assessment in its 

Response.  Patent Owner’s declarant Mr. Brahmbhatt, however, provides his 
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own assessment regarding a person of ordinary skill in the art relevant to 

the ’897 patent.  Ex. 2002 ¶ 37.  Mr. Brahmbhatt opines that a person having 

ordinary skill in the art would have “a Bachelor’s of Science degree in 

material science, electrical engineering, or chemical engineering and three to 

four years of practical experience in the development, design, processing, 

and manufacturing/testing of semiconductor chips and technology,” and that 

a person with an advanced degree in any of the identified fields “would 

require less experience,” for example, two to three years.  Id.    

We do not observe meaningful differences between the parties’ 

assessments of a person having ordinary skill in the art.  We further note that 

both assessments appear consistent with the level of ordinary skill in the art 

at the time of the invention as reflected in the prior art in this proceeding.  

See Okajima v. Bourdeau, 261 F.3d 1350, 1355 (Fed. Cir. 2001) (explaining 

that specific findings regarding ordinary skill level are not required “where 

the prior art itself reflects an appropriate level and a need for testimony is 

not shown” (quoting Litton Indus. Prods., Inc. v. Solid State Sys. Corp., 755 

F.2d 158, 163 (Fed. Cir. 1985))).  We adopt Petitioner’s assessment, but note 

that our conclusions would be the same under Mr. Brahmbhatt’s assessment.   

B. Claim Interpretation 

We interpret claims of an unexpired patent using the “broadest 

reasonable construction in light of the specification of the patent in which 

[the claims] appear[].”  37 C.F.R. § 42.100(b); see Cuozzo Speed Techs., 

LLC v. Lee, 136 S. Ct. 2131, 2144–46 (2016).  The Board, however, may not 

“construe claims during IPR so broadly that its constructions are 

unreasonable under general claim construction principles.”  Microsoft Corp. 

v. Proxyconn, Inc., 789 F.3d 1292, 1298 (Fed. Cir. 2015) (citation omitted).  
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“Rather, ‘claims should always be read in light of the specification and 

teachings in the underlying patent’” and “[e]ven under the broadest 

reasonable interpretation, the Board’s construction ‘cannot be divorced from 

the specification and the record evidence.’”  Id. (citations omitted).  Only 

those terms in controversy need to be construed, and only to the extent 

necessary to resolve the controversy.  See Nidec Motor Corp. v. Zhongshan 

Broad Ocean Motor Co., 868 F.3d 1013, 1017 (Fed. Cir. 2017) (“we need 

only construe terms ‘that are in controversy, and only to the extent necessary 

to resolve the controversy’”) (quoting Vivid Techs., Inc. v. Am. Sci. & Eng’g, 

Inc., 200 F.3d 795, 803 (Fed. Cir. 1999)). 

For purposes of the Decision on Institution, we determined that, based 

on the record at the time, no claim term required express construction.  Dec. 

on Inst. 7.  Based on our review of the complete record and the claim 

construction arguments raised by the parties, we determine it is necessary to 

expressly construe “buffer layer of SiON” as set forth in independent claims 

1 and 7.   

In the Petition, Petitioner asserts that “the terms of the challenged 

claims should be given their plain and ordinary meaning under the broadest 

reasonable interpretation (BRI) standard.”  Pet. 17 (citing Ex. 1002 ¶ 30).  

Patent Owner agrees, but asserts that Petitioner does not use the plain and 

ordinary meaning of “buffer layer of SiON” when applying the prior art to 

the challenged claims, and, therefore, proposes a “clarifying construction” of 

that term.  PO Resp. 7–8.   

Specifically, Patent Owner proposes that we construe “buffer layer of 

SiON” to mean a “buffer layer of silicon oxynitride which is silicon oxide 

incorporating a small amount of nitrogen.”  PO Resp. 8 (citing Ex. 2002 
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¶ 40).  Relying on the Brahmbhatt Declaration, Patent Owner argues that “a 

person of ordinary skill in the art understands silicon oxynitride is silicon 

oxide with a small amount of nitrogen,” despite there being “no strict 

definition for the amount (percentage) of nitrogen in a silicon oxynitride 

film.”  Id. (citing Ex. 2002 ¶ 43).   

Mr. Brahmbhatt testifies that the amount of nitrogen in a silicon 

oxynitride layer is “typically around single digits in percentage,” and points 

to the ’897 patent’s description of “the silicon oxynitride buffer layer as 

containing on the order of 1% nitrogen” as supporting this contention.  

Ex. 2002 ¶ 43 (citing Ex. 1001, 4:25–28).  Mr. Brahmbhatt also cites to 

Green6 as further evidence of the understanding of the skilled artisan that 

silicon oxynitrides are silicon oxides with small amounts of nitrogen.  Id. 

(citing Ex. 1009, 2088).    

Petitioner replies that Patent Owner’s “proposed interpretation is 

ambiguous because ‘a small amount of nitrogen’ is unclear and not definite.”  

Reply 2.  Petitioner asserts that “the intrinsic evidence does not support 

[Patent Owner’s] construction because the only example that [the] ’897 

patent gives for nitrogen content in SiON films is ‘1%,’” and Patent Owner 

“does not contend that the term ‘SiON’ should be limited to this example.”  

Id.  Although Petitioner contends that “the plain and ordinary meaning 

consistent with BRI in light of the specification” should be applied to the 

“buffer layer of SiON” limitation, Petitioner does not explain what that 

meaning is.  Id.  

                                           
6 Ultrathin (<4 nm) SiO2 and Si-O-N gate dielectric layers for silicon 

microelectronics: Understanding the processing, structure, and physical and 

electrical limits, 90 J. Appl. Phys. 2057–2121 (Sept. 2001) (Ex. 1009). 
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Based on the record before us, we determine that the broadest 

reasonable interpretation of “buffer layer of SiON” in light of the 

Specification is “buffer layer of silicon oxynitride that contains a low 

concentration of nitrogen on the order of 1%.”  This interpretation is 

consistent with the Specification, which describes “a first embodiment of the 

invention” in which a buffer layer of SiON is formed on a polysilicon layer 

“by reacting N2O gas with the substrate in a reaction chamber at 100–400 

mTorr, for 10–20 minutes,” wherein “the N2O gas may be provided at a rate 

of 30–100 sccm (standard cubic centimeters per minute), while the substrate 

is maintained at a temperature of 700–800º C.”  Ex. 1001, 4:7–13.  The 

Specification goes on to state that “[w]hile the concentration of nitrogen in 

the buffer layer is low, on the order of 1%, it may be sufficient to impact the 

growth rate of subsequently deposited films on top of the SiON buffer 

layer.”  Id. at 4:25–28.  This is the only explicit disclosure of the nitrogen 

content of the SiON buffer layer in the Specification, and the Specification 

consistently describes the process used to form the buffer layer of SiON as 

including introducing N2O gas into the chamber for 10–20 minutes before 

introducing dichlorosilane to deposit the high temperature oxide layer.  See, 

e.g., id. at 2:38–48; 4:53–58, 4:62–67, 6:36–43.  It is reasonable to assume 

that, given that the N2O gas is introduced for the same amount of time in 

order to form the SiON buffer layer in each description, the concentration of 

nitrogen in the formed SiON buffer layer is also “on the order of 1%.”    

Although the Specification also discloses another embodiment in 

which “an increase in nitrogen concentration may be obtainable by 

substitution of ammonia NH3 for the N2O reactant gas,” that layer is not 

explicitly described as being a “buffer layer of SiON.”  Ex. 1001, 4:34–38.  
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This is consistent with the fact that there is no oxygen in the ammonia 

reactant gas used in this described embodiment.  The Specification also 

describes an embodiment where “a pure oxide buffer layer” can be formed 

“by introducing O2 at 30–100 sccm to the reaction chamber at 100–400 

mTorr and 750º C.”  Id. at 4:34–41; see also id. at 2:49–51 (“Alternatively, 

the oxide may be formed by introducing oxygen gas O2 into the chamber at 

750º C. for 10–20 minutes, to form a thin SiO2 layer.”)  Taken together, 

these disclosures indicate that not every buffer layer described in the 

Specification is the claimed “buffer layer of SiON.”  Consequently, that the 

layer formed using ammonia NH3 instead of N2O as the reactant gas may 

have a higher nitrogen concentration than that in the buffer layer of SiON 

formed using N2O (i.e., on the order of 1%) is immaterial to the construction 

of the “buffer layer of SiON” limitation.    

We also credit Mr. Brahmbhatt’s testimony that a person having 

ordinary skill in the art would understand there to be “a small amount of 

nitrogen” in a silicon oxynitride layer as described in the Specification.  

Ex. 2002 ¶¶ 42–46.  Mr. Brahmbhatt’s testimony is consistent with Green’s 

teaching that “[o]xynitrides, essentially SiO2 containing small (less than 

5%–10% locally, and less than 1% if averaged over the film thickness) but 

significant amounts of N, can readily be grown using N2O or NO.”  

Ex. 1009, 2088; see also id. at 2106 (“Thermal nitridation of SiO2 in NO or 

N2O generally results in a relatively low concentration of N in the films, on 

the order of 5 x 1014 N/cm2, the equivalent of <1 monolayer of N in the thin 

SiO2 film.”), 2107 (“Oxynitridation in N2O is particularly attractive because 

it allows one to incorporate a small but significant amount of N near the Si-

O-N/Si interface, typically ~5 x 1014 N/cm2, and because of its processing 
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similarity to O2.”).  Petitioner’s declarant, Dr. Jeffrey Bokor, does not 

counter the assessments of Mr. Brahmbhatt.  See Ex. 1014. 

Accordingly, we interpret “buffer layer of SiON” to mean “buffer 

layer of silicon oxynitride that contains a low concentration of nitrogen on 

the order of 1%.” 

C. Principles of Law 

To prevail on its challenges to the patentability of the claims, a 

petitioner must establish facts supporting its challenge by a preponderance 

of the evidence.  35 U.S.C. § 316(e); 37 C.F.R. § 42.1(d).  “In an [inter 

partes review], the petitioner has the burden from the onset to show with 

particularity why the patent it challenges is unpatentable.”  Harmonic Inc. v. 

Avid Tech., Inc., 815 F.3d 1356, 1363 (Fed Cir. 2016) (citing 35 U.S.C. 

§ 312(a)(3) (requiring inter partes review petitions to identify “with 

particularity . . . the evidence that supports the grounds for the challenge to 

each claim”)).  This burden of persuasion never shifts to the patent owner.  

See Dynamic Drinkware, LLC v. Nat’l Graphics, Inc., 800 F.3d 1375, 1378–

79 (Fed. Cir. 2015) (discussing the burdens of persuasion and production in 

inter partes review).    

To establish anticipation, each and every element in a claim, arranged 

as recited in the claim, must be found in a single prior art reference.  

NetMoneyIN, Inc. v. VeriSign, Inc., 545 F.3d 1359, 1369 (Fed. Cir. 2008); 

Karsten Mfg. Corp. v. Cleveland Golf Co., 242 F.3d 1376, 1383 (Fed. Cir. 

2001).  Although the elements must be arranged in the same way as in the 

claim, “the reference need not satisfy an ipsissimis verbis test,” i.e., identity 

of terminology is not required.  In re Gleave, 560 F.3d 1331, 1334 (Fed. 

Cir. 2009); In re Bond, 910 F.2d 831, 832 (Fed. Cir. 1990).  A prior art 
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reference that does not expressly disclose “a claim limitation may 

nonetheless anticipate by inherency.”  Perricone v. Medicis Pharm. Corp., 

432 F.3d 1368, 1375–76 (Fed. Cir. 2005).  

Inherency requires that the claim limitation in question is necessarily 

present in the reference.  Schering Corp. v. Geneva Pharms., Inc., 339 F.3d 

1373, 1377 (Fed. Cir. 2003) (“[A] prior art reference may anticipate without 

disclosing a feature of the claimed invention if that missing characteristic is 

necessarily present, or inherent, in the single anticipating reference.”); see 

also SmithKline Beecham Corp. v. Apotex Corp., 403 F.3d 1331, 1343–44 

(Fed. Cir. 2005) (patent challenger must demonstrate “that ‘the disclosure 

[of the prior art] is sufficient to show that the natural result flowing from the 

operation as taught [in the prior art] would result in’ the claimed product”) 

(citations omitted).  “Inherency, however, may not be established by 

probabilities or possibilities.  The mere fact that a certain thing may result 

from a given set of circumstances is not sufficient.”  In re Robertson, 169 

F.3d 743, 745 (Fed. Cir. 1999) (quotation omitted).   

A claim is unpatentable under 35 U.S.C. § 103 if the differences 

between the subject matter sought to be patented and the prior art are such 

that the subject matter as a whole would have been obvious to a person 

having ordinary skill in the art to which the subject matter pertains.  KSR 

Int’l Co. v. Teleflex, Inc., 550 U.S. 398, 406 (2007).  The question of 

obviousness is resolved on the basis of underlying factual determinations, 

including (1) the scope and content of the prior art; (2) any differences 

between the claimed subject matter and the prior art; (3) the level of ordinary 

skill in the art; and (4) objective evidence of nonobviousness.  See Graham 

v. John Deere Co., 383 U.S. 1, 17–18 (1966).   
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A patent claim “is not proved obvious merely by demonstrating that 

each of its elements was, independently, known in the prior art.”  KSR, 550 

U.S. at 418.  An obviousness determination requires finding “both ‘that a 

skilled artisan would have been motivated to combine the teachings of the 

prior art references to achieve the claimed invention, and that the skilled 

artisan would have had a reasonable expectation of success in doing so.’”  

Intelligent Bio-Sys., Inc. v. Illumina Cambridge Ltd., 821 F.3d 1359, 1367–

68 (Fed. Cir. 2016) (citation omitted); see KSR, 550 U.S. at 418 (for an 

obviousness analysis, “it can be important to identify a reason that would 

have prompted a person of ordinary skill in the relevant field to combine the 

elements in the way the claimed new invention does”).  

D. Overview of the Prior Art 

1. Overview of Ogata 

Ogata “is directed to a fabrication method for non-volatile 

semiconductor memory devices (EEPROM: Electrically Erasable and 

Programmable ROM) having a 2-layer gate structure that permits both the 

writing and erasing of information.”  Ex. 1004 ¶ 1.  Ogata states that, “[i]n 

the conventional EEPROM fabrication method,” during the steam oxidation 

process the floating gate can become oxidized, which increases the thickness 

of the ONO layer between the floating gate and the control gate and results 

“in insufficient coupling capacity between” the floating gate and the control 

gate.  Id. ¶ 14.  To solve this problem, Ogata describes a fabrication method 

that includes forming: (1) an insulator film on the floating gate, (2) a second 

insulator film on the first insulator film, (3) a third insulator film on the 

second insulator film, and (4) control gates on the third insulator film, 

wherein “an oxinitride film is formed as said third insulator film.”  Id. ¶ 16.   
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Ogata Figure 2 is reproduced below. 

 

Figure 2 is a cross-sectional view of an EEPROM fabrication method 

according to one embodiment in Ogata.  Field oxide film 2 is formed on the 

surface of silicon substrate 1, and “tunnel oxide film 3 is obtained by leaving 

intact the oxide film on the surface of the silicon substrate 1.”  Id. ¶ 8.  A 

first polysilicon layer is formed on the entire surface, which is patterned to 

obtain floating gate 4.  Id. ¶ 9.  Thermal nitriding is conducted on the surface 

of floating gate 4 to form thermally nitrided region 544, followed by 

chemical vapor deposition (“CVD”) to form lower oxide film 534.  Id. 

¶¶ 30–31.  Successive depositions are then performed to form silicon nitride 

film 524, followed by upper oxide film 514.  Id. ¶¶ 32–33.  Other parts of 

the memory cell, such as control gate 7, are formed by processes similar to 

conventional processes.  Id. ¶ 34.   

Ogata explains that “the presence of nitrogen atoms (N) in the 

thermally nitrided region 544 in the interface between the lower oxide film 

534 and the floating gates 4 can prevent the diffusion of oxide species in the 

thermally nitrided region 544 during the steam oxidation.”  Id. ¶ 35.  

Therefore, according to Ogata, “oxidation by the oxide species is also 
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inhibited of the floating gates 4 during the steam oxidation process, thus 

yielding EEPROM with a high degree of reliability.”  Id. 

2. Overview of Dong 

Dong is directed to a method of manufacturing a gate structure for a 

semiconductor device that “improv[es] upon the electrical properties 

provided by an ONO intergate dielectric.”  Ex. 1005, 1:9–13.  According to 

Dong, “[a] key feature of the invention is the novel O/N/SiON/O structure, 

forming a silicon oxynitride layer on the silicon nitride layer.”  Id., Abstract.   

Dong Figure 1 is reproduced below. 

 

Figure 1 is a cross-section illustrating the semiconductor memory device 

gate described in Dong.  Id. at 2:36.  First insulating layer 12, which is 

preferably a tunnel oxide layer, is formed on semiconductor substrate 10.  Id. 

at 2:56–58.  First conductive layer 14 (comprising polycrystalline silicon) is 

formed over first insulating layer 12, first silicon dioxide layer 16 is formed 

over first conductive layer 14, and silicon nitride layer 18 is formed over 

first silicon dioxide layer 16.  Id. at 2:66–3:19.  Silicon nitride layer 18 is 

processed in a nitrogen-containing gas (e.g., NO or N2O) to form thin silicon 
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oxynitride layer 20.  Id. at 3:28–31.  Second silicon dioxide layer 22 is then 

formed over silicon oxynitride layer 20.  Id. at 3:41–42.  A second 

conductive layer consisting of first polysilicon sublayer 24, tungsten silicide 

sublayer 26, and polysilicon cap sublayer 28 is formed over the intergate 

dielectric layer.  Id. at 3:46–49.  Finally, first insulating layer 12, first 

conductive layer 14, second insulating layer 16, 18, 20, 22, and second 

conductive layer 24, 26, 28 “are patterned to form a tunnel oxide, a floating 

gate, an intergate dielectric, and a control gate respectively using a 

photolithography process” and “source 30 and drain 32 are formed 

completing the memory [device].”  Id. at 3:56–63. 

3. Overview of Park 

Park is directed to “a semiconductor device, and more particularly, to 

a flash memory cell and a method of fabricating the same.”  Ex. 1006, 1:13–

15.  Park Figure 4E is reproduced below. 

 

Figure 4E is a cross-sectional view illustrating a process step for fabricating 

a flash memory cell according to a preferred embodiment described in Park.  

Id. at 4:58–61.  Figure 4E shows semiconductor substrate 31, channel region 

63 having first and second channel regions 60 and 62, field oxide layer 33, 
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first gate oxide layer 35, floating gate 37, interlevel insulating layer 39, 

control gate 41, cap oxide layer 43, sidewall insulating layer 45, second gate 

oxide layer 52, selection gate 53, erasure gate 55, and source and drain 

regions 57 and 58.  Id. at 5:1–29.   

With reference to Figure 4E, Park teaches that “oxidation is 

performed on the exposed first and second sides of the floating gate 37 and 

the control gate 41 to form a second gate oxide layer 52,” and “[a] 

polysilicon doped with impurity is deposited by CVD on the exposed 

surfaces and etched back” by anisotropic etching, exposing “the cap oxide 

layer 43 and the first gate oxide layer 35.”  Id. at 6:25–33.  Selection gate 53 

and erasure gate 55 “are formed on the first and second sides of the floating 

gate 37 and the control gate 41.”  Id. at 6:33–35.  According to Park, the 

described flash memory cell includes selection gate 53 “for determining the 

selection of cells,” “control gate 41 for controlling the programming and 

erasing of the cell,” “floating gate 37 for storing electrons in programming,” 

and “erasure gate 55 for erasing the cell by tunneling the electrons stored in 

floating gate 37 through the second gate oxide layer 52.”  Id. at 6:51–57. 

4. Overview of Shappir 

Shappir is directed to a gate dielectric layer for a semiconductor 

device.  Ex. 1007, 1:8–11.  Shappir teaches that “[t]he composite dielectric 

layer is an oxynitride film formed by an Oxidation of Deposited Oxide on a 

Nitrided silicon surface (ODON)” that “is formed by a thermal nitridation of 

a silicon wafer in pure ammonia (NH3) or nitrous oxide (N2O), followed by a 

high temperature oxide (HTO) deposition, and a final anneal in oxygen 

ambient (reoxidation).”  Id. at 3:59–66.  Shappir states that the composite 

dielectric layer “exhibits excellent characteristics such as very large charge-
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to-breakdown, considerable reduction in charge trapping, reduction of 

interface state generation and immunity to transconductance degradation.”  

Id. at 3:66–4:3.  Therefore, according to Shappir, the composite dielectric “is 

ideal for future scaled semiconductor devices such as transistors and 

EEPROMS, which require thin, high quality dielectrics.”  Id. at 4:6–9. 

5. Overview of Fuseno   

Fuseno is directed to “a semiconductor device fabrication method 

capable of preventing an increase in the thickness of the lowest-layer oxide 

film in a stacked-structure gate insulator film, improving the quality of the 

nitride film on the oxide film, and improving production yields and 

reliability.”  Ex. 1010 ¶ 1.  The semiconductor devices described by Fuseno 

are “EPROM (UV-erasable/electrically writable ROM) and EEPROM 

(electrically writable/erasable ROM), where EPROM is non-volatile 

memory having a stacked structure using two polysilicon layers.”  Id. ¶ 2.  

Fuseno states that “[b]ecause EEPROM is of a similar structure, in the 

following description we discuss EPROM as examples.”  Id.   

Fuseno Figure 1 is reproduced below. 
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Figure 1 is a cross-sectional view of the constitution of cell transistors of a 

semiconductor device according to Fuseno.  Id. ¶ 30.  First gate insulator 

film 22 is formed on silicon substrate 21 (which has a source layer and drain 

layer, not shown).  Id.  Floating gate electrode 23 comprising polysilicon 

layer 23a is formed on first gate insulator film 22, and first CVD oxide film 

24, silicon nitride film 25, second CVD oxide film 26, and control gate 27 

are sequentially stacked on floating gate electrode 23.  Id. ¶¶ 30–31.  Oxide 

film 28 is formed on the top and sides of control gate electrode 27, the sides 

of first and second CVD oxide films 24 and 26, on the sides of floating gate 

electrode 23, and on the surface regions in the exposed part of first gate 

insulator film 22.  Id. ¶ 32.  First interface nitride layer 24x, composed of 

silicon nitride, is formed at the interface of first CVD oxide film 24 and 

floating gate electrode 23, and second interface nitride layer 24y, also 

composed of silicon nitride, is formed at the interface of first CVD oxide 

film 24 and silicon nitride layer 25.  Id. ¶¶ 33–34.     

Fuseno explains that first nitride layer 24x, first oxide film 24, first 

interface nitride layer 24y, silicon nitride layer 25, and second CVD oxide 

film 26 together “constitute an interpoly insulator film 29.”  Id. ¶ 35.  

Interpoly insulator film 29 corresponds to a conventional ONO film.  Id.   

E. Anticipation by Ogata 

Petitioner contends that claim 1 is unpatentable under 35 U.S.C. 

§ 102(b) as anticipated by Ogata.  Pet. 17–36; Reply 2–12.  Patent Owner 

disagrees with Petitioner’s assertions.  PO Resp. 11–23.  The parties focus 

their arguments on the “first buffer layer of SiON” limitation of claim 1.  

Petitioner specifically focuses on the embodiment described by Ogata 

Figure 2, and states that “the disclosure of figure 2 builds on and 



IPR2017-00032 

Patent 6,849,897 B2 
 

 

 

22 

incorporates the disclosure of conventional non-volatile semiconductor 

memory device structures described with reference to figures 7–13 of 

Ogata.”  Pet. 17–18 (citing Ex. 1002 ¶¶ 55–58).  Petitioner, therefore, “relies 

on the common aspects of figures 7–13 when describing the structure of 

figure 2, and for demonstrating the mapping between figure 2 of Ogata and 

the claims of the ’897 patent.”  Id. at 18.   

Petitioner contends that Ogata discloses “a first buffer layer of SiON” 

because it “discloses a thermally nitrided region 544.”  Pet. 26 (citing 

Ex. 1004 ¶¶ 29–30, 35, Figs. 2, 9).  Petitioner specifically points to Ogata’s 

teaching that 

[t]hermal nitriding is conducted on the surface of the floating 

gates 4 in a reaction furnace using ammonia (NH3) gas, at 1000º 

for 60 seconds, for example, thereby forming a thermally nitrided 

region 544.  In this process, nitrogen monoxide (NO) gas may be 

used instead of ammonia (NH3) gas, at 900º for 10 minutes, for 

example. 

Ex. 1004 ¶ 30.  Petitioner argues that “[o]ne of ordinary skill in the art 

would have understood that the thermally nitrided region 544 comprises 

SiON because the process of nitriding the polysilicon gate 4 using NO 

would have necessarily produced SiON.”  Pet. 27 (citing Ex. 1002 ¶ 70).  

Petitioner points to Green as evidence of what a person having ordinary skill 

in the art would have understood, arguing that “it was well-known at the 

time of the alleged invention that ‘Oxynitrides, essentially SiO2 containing 

small . . . but significant amount of N, can readily be grown using . . . NO.’”  

Id. at 28 (quoting Ex. 1009, 2088).  According to Petitioner, “a region near 

the surface of a polysilicon gate, which is essentially silicon, will convert to 

an oxide (SiO2) when exposed to NO while also incorporating ‘N’ from the 

‘NO’,” resulting in a layer of SiON.  Id. (citing Ex. 1002 ¶ 71).                
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Patent Owner responds that “Ogata explicitly discloses the formation 

of a nitride layer, not an oxynitride layer.”  PO Resp. 14.  Patent Owner 

asserts that Ogata uses the term “thermal nitriding” to describe “a process 

used to form a silicon nitride layer,” and that “[t]he term nitriding (or 

nitridation) is understood by a person of ordinary skill in the art to mean a 

process where nitrogen (N) is incorporated into another material.”  Id. (citing 

Ex. 2002 ¶ 62; Ex. 2006, 45:6–46:2).  Patent Owner further asserts that, “if 

Ogata wanted to describe a process for adding oxygen and nitrogen to 

silicon, he would have used the term oxynitriding or oxynitridation, both 

conventional ways of describing this process,” as demonstrated by Ogata’s 

use of “the term ‘oxynitride’ to describe other layers in other embodiments.”  

Id. at 15 (citing Ex. 2002 ¶¶ 63–64; Ex. 1004 ¶ 25, Figure 1).  Therefore, 

according to Patent Owner, “a person of ordinary skill in the art would 

understand that Ogata’s objective and the disclosed processes are intended to 

form a thermal nitride on the floating gate, not an oxynitride.”  Id. (citing 

Ex. 2002 ¶ 64). 

Patent Owner also argues that Petitioner does not establish that Ogata 

inherently discloses the claimed “first buffer layer of SiON.”  PO Resp. 16–

22.  In particular, Patent Owner argues that “[a]t the time of the ’897 patent, 

it was well known to those of ordinary skill in the art that nitric oxide (NO) 

was used in the thermal nitridation of silicon to form silicon nitride.”  Id. 

at 17 (citing Ex. 2004, 308, 318–319); Ex. 2002 ¶¶ 66–67.  Patent Owner 

also argues that Green only discloses “that under the correct conditions it is 

possible to use nitric oxide (NO) to form silicon oxynitride (SiON),” but 

“does not discuss any reaction conditions associated with the oxynitridation 

of silicon using NO gas.”  Id. at 20 (citing Ex. 2002 ¶¶ 70–71).  Because 
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“[t]he possibility that a reaction might produce . . . SiON[] means that the 

reaction does not necessarily produce SiON,” Patent Owner states that 

“Ogata cannot anticipate by inherency.”  Id. at 22. 

As set forth above, we construed “buffer layer of SiON” to mean a 

“buffer layer of silicon oxynitride that contains a low concentration of 

nitrogen on the order of 1%.”  Petitioner, therefore, must show that a silicon 

oxynitride layer containing a low concentration of nitrogen is necessarily 

present in Ogata.   

Petitioner’s cited evidence establishes that Ogata discloses a process 

in which a thermally nitrided region is formed on a polysilicon floating gate 

in a reaction furnace using ammonia gas.  Ex. 1004 ¶ 30.  It establishes that 

Ogata contemplated the use of nitrogen monoxide instead of ammonia to 

form the thermally nitrided region.  Id.  It also establishes that the nitrogen 

atoms in the thermally nitrided region prevent diffusion of oxide species in 

the thermally nitrided region during the steam oxidation process that forms 

the gate oxide film in the peripheral circuit.  Id. ¶ 35.   

The evidence, however, does not establish that Ogata’s thermally 

nitrided region is necessarily a buffer layer of silicon oxynitride that contains 

a low concentration of nitrogen as required by the challenged claims.  Ogata 

in its entirety indicates that the thermally nitrided region is more likely than 

not a silicon nitride layer.  For instance, Ogata teaches that the thermally 

nitrided region of the polysilicon layer is formed using ammonia gas, and 

there is no allegation this reaction would form SiON.  Ex. 1004 ¶ 30.  

Although Ogata does state that “nitrogen monoxide (NO) gas may be used 

instead of ammonia (NH3) gas” to form the thermally nitrided region, there 

is no indication in Ogata that the resulting thermally nitrided region is 
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different than that produced using ammonia gas, i.e., silicon nitride.  Id. 

¶¶ 29–33.  Ogata also describes other embodiments in which thermal 

oxidation is conducted in an atmosphere consisting of oxygen and nitrogen 

gases in a 1:3 mixture ratio, and refers to the resulting layer as “a lower 

oxide film.”  See, e.g., id. ¶¶ 23, 37, 45.  Despite the fact that nitrogen is 

used in the thermal oxidation, the resulting film, according to Ogata, is an 

“oxide.”  This indicates that Ogata considers thermal oxidation (using 

oxygen and nitrogen) to form a different film than thermal nitridation (even 

when NO is used in the reaction).  

That Ogata describes the formation of an oxinitride layer by 

nitridation does not change this conclusion.  See Reply 3–4.  Ogata teaches 

in one embodiment that “film formation can be conducted at lower 

temperatures than the process in which an oxinitride film is formed by the 

nitriding of a previously formed silicon oxide film.”  Ex. 1004 ¶ 26.  In this 

embodiment, a silicon oxide layer is being nitrided, which is different from 

the embodiment where thermal nitridation occurs on a polysilicon layer.  

Nitridation in both embodiments results in adding nitrogen to the starting 

material, but, because the material being nitrided is different in the 

respective embodiments (i.e., silicon oxide and polysilicon, respectively), 

the resulting product of the nitridation is not necessarily the same. 

This is also consistent with the teachings in Green upon which 

Petitioner relies to establish how a person having ordinary skill in the art 

would have understood the thermal nitridation reaction in Ogata.  See 

Pet. 27–29; Ex. 1002 ¶¶ 70–73.  To reach the opposite conclusion Petitioner 

takes a sentence of Green out of context.  Specifically, Petitioner points to 

Green’s teaching that “[o]xynitrides, essentially SiO2 containing small (less 
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than 5%–10% locally, and less than 1% if averaged over the film thickness) 

but significant amounts of N, can readily be grown using N2O or NO.”  

Ex. 1009, 2088.  When read in context, however, Green is teaching 

formation of SiO2 before formation of the oxinitride using N2O or NO.  The 

entire passage of Green that includes the sentence upon which Petitioner 

relies states: 

Various oxidation gases can be used to grow SiO2, 

although the common practice is to use O2 or H2O.  CO2 will also 

oxidize Si to form SiO2, with some retardation of oxidation 

kinetics.  Ozone (O3) is sometimes added to the O2 gas stream to 

enhance growth kinetics, since atomic O, an ozone 

decomposition by-product, is very reactive.  Low temperature 

growth (≤400 ºC) is achievable in O3.  Oxynitrides, essentially 

SiO2 containing small (less than 5%–10% locally, and less than 

1% if averaged over the film thickness) but significant amounts 

of N, can readily be grown using N2O or NO.  This important 

body of work will be covered in Sec. VIB.  

Id.   

Green goes on to teach, in the referenced Section VIB: 

Nitrogen may be incorporated into SiO2 using either 

thermal oxynitridation or annealing, or chemical and physical 

deposition methods, as is shown in Table VI.  Thermal nitridation 

of SiO2 in NO or NO2 generally results in a relatively low 

concentration of N in the films, on the order of 5X1014 N/cm2, 

the equivalent of <1 monolayer of N in the thin SiO2 film. 

Id. at 2106.  Green also states that “[o]xynitridation of Si, or annealing of 

SiO2, in nitrous (N2O) or nitric (NO) oxide is the most popular processing 

method for making Si-O-N films by conventional thermal routes” (id.), and 

“[o]xynitridation in N2O is particularly attractive because it allows one to 

incorporate a small but significant amount of N near the Si-O-N/Si 

interface” and “because of its processing similarity to O2” (id. at 2107).  
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Green, therefore, refers to nitridation of SiO2 and oxynitridation of Si as 

different processes, wherein nitridation adds N to SiO2, and oxynitridation 

adds both O and N to Si.  While both processes result in SiON, we are not 

persuaded that Green “discloses that the reaction of polysilicon (which is a 

polycrystalline form of Si) and NO will produce an oxynitride, i.e., SiON” 

as Petitioner alleges.  Pet. 28. 

Petitioner also relies on Ogle7 to establish that a person having 

ordinary skill in the art “would have understood that the reaction of NO with 

polysilicon at 900ºC would have necessarily produced SiON.”  Reply 6 

(citing Ex. 1014 ¶¶ 10–11).  Petitioner argues that “Ogle discloses formation 

of a silicon oxynitride layer 14 via a reaction between silicon and NO at 

400–1000ºC for 10 seconds to 5 minutes,” and that these reaction conditions 

“are consistent with those of Ogata and support the understanding that layer 

544 is SiON.”  Id. at 6–7 (citing Ex. 1016, 2:35–37, 2:44–50, 3:55–61; 

Ex. 1014 ¶ 11).   

As an initial matter, it is not clear which conditions in Ogata 

Petitioner contends are consistent with those in Ogle.  See, e.g., Ex. 1014 

¶ 14 (Dr. Bokor stating that “[t]he reaction conditions disclosed in Ogle are 

consistent with those of Ogata and support the understanding that layer 544 

is SiON” without citation to Ogata).  We do not find there to be consistency 

of conditions between Ogle and Ogata.  In the Ogle process, the silicon 

oxynitride layer “is formed by using a pre-deposition process of annealing 

the silicon substrate surface, or an epitaxial silicon layer surface in a nitric 

oxide (NO) environment.”  Ex. 1016, 2:44–48.  In Ogata, “thermal nitriding 

is conducted on the surface of the floating gates 4 in a reaction furnace 

                                           
7 US 6,278,166 B1, issued Aug. 21, 2001 (Ex. 1016). 
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using” nitrogen monoxide (NO) “at 900º for 10 minutes, for example.”  Ex. 

1004 ¶ 30.  Neither Petitioner nor Dr. Bokor provide sufficient evidence or 

explanation to establish that the annealing process in Ogle would necessarily 

produce the same results as the thermal nitriding process described in Ogata 

that forms thermally nitrided region 544.8 

Having considered the arguments and evidence presented by both 

parties, we determine that Petitioner has not established by a preponderance 

of the evidence that Ogata discloses the claimed “first buffer layer of SiON.”  

On the contrary, the evidence of record establishes that although a person 

having ordinary skill in the art could understand that Ogata’s thermally 

nitrided region possibly includes SiON, it is more likely that they would 

understand Ogata’s thermally nitrided region does not include SiON.   

Even assuming that Ogata’s thermal nitridation process does produce 

SiON as Petitioner alleges, Petitioner does not identify evidence in the 

record establishing the amount of nitrogen that would be present in that 

layer.  We conclude, therefore, that Petitioner does not demonstrate that 

Ogata’s thermal nitridation process necessarily produces a buffer layer of 

silicon oxynitride that contains a low concentration of nitrogen on the order 

of 1% as is required by claim 1.    

                                           
8 We note that Ogata discloses an embodiment in which annealing is 

conducted using nitrous oxide (N2O) gas for 10 minutes at 900ºC, and 

teaches that nitrogen monoxide (NO) can be used instead of N2O gas.  

Ex. 1004 ¶ 38.  The annealing process in this embodiment occurs on lower 

oxide film 535 to create nitrogen-containing region 545 in the interface 

between lower oxide film 535 and floating gate 4.  Id. ¶ 39.  A similar 

annealing step does not occur in the embodiment that forms thermally 

nitrided region 544.   
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Accordingly, we conclude that Petitioner has not established by a 

preponderance of the evidence that claim 1 of the ’897 patent is unpatentable 

as anticipated by Ogata. 

F. Obviousness Grounds Based on Ogata 

Petitioner contends that: (1) the subject matter of claims 2 and 3 

would have been obvious over the combined teachings of Ogata and Dong 

(Pet. 36–42); (2) the subject matter of claims 4 and 7 would have been 

obvious over the combined teachings of Ogata, Park, and Shappir (id. at 42–

65); and (3) the subject matter of claim 6 would have been obvious over the 

combined teachings of Ogata and Shappir (id. at 65–66).  Petitioner relies on 

the Bokor Declaration in support of its contentions.  Id.   

Claims 2–4 and 6 depend, directly or indirectly, from claim 1.  We 

already determined that Petitioner did not establish by a preponderance of 

the evidence that Ogata discloses a “first buffer layer of SiON” as recited in 

claim 1.  See supra, Section II.E.  Petitioner does not rely on any of Dong, 

Park, or Shappir to cure this deficiency in Ogata, or otherwise explain why 

one of ordinary skill in the art would have had a reason to modify Ogata in a 

manner that would result in a first buffer layer of SiON.  Accordingly, we 

are not persuaded that Petitioner has established by a preponderance of the 

evidence that (1) claims 2 and 3 would have been obvious over the 

combined teachings of Ogata and Dong; (2) claim 4 would have been 

obvious over the combined teachings of Ogata, Park, and Shappir; and (3) 

claim 6 would have been obvious over the combined teachings of Ogata and 

Shappir. 

Independent claim 7 requires “a second buffer layer of SiON over and 

in contact with the upper second surface of the floating gate and between the 
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dielectric layer and the control gate.”  Ex. 1001, 10:6–8.  Petitioner contends 

that Ogata’s thermally nitrided region 544 is the claimed “second buffer 

layer of SiON,” relying on the same disclosures and arguments made with 

respect to Petitioner’s contentions that Ogata discloses a “first buffer layer of 

SiON” as required by claim 1.  Pet. 64.  Because Petitioner did not establish 

that Ogata discloses a “first buffer layer of SiON,” and does not rely on Park 

or Shappir to remedy this deficiency, we determine, for the same reasons, 

that Petitioner has not established by a preponderance of the evidence that 

claim 7 would have been obvious over the combined teachings of Ogata, 

Park, and Shappir. 

G. Anticipation by Fuseno 

Petitioner contends that the subject matter of claim 1 is unpatentable 

under 35 U.S.C. § 102(b) as anticipated by Fuseno.  Pet. 67–82; Reply 14–

24.  Patent Owner disagrees with Petitioner’s assertions.  PO Resp. 30–46.  

The parties focus their arguments on the “first buffer layer of SiON” 

limitation of claim 1. 

Petitioner argues that Fuseno discloses a “first buffer layer of SiON” 

because it “discloses that a first interface nitride layer 24x is formed in 

contact with the floating gate,” and “nitride layer 24x is an ‘SiON’ layer” 

using either of the two ways Fuseno describes for forming the layer.  

Pet. 72–73 (citing Ex. 1010 ¶ 33, Figs. 1, 2; Ex. 1002 ¶ 132).  Petitioner 

describes the first method as first forming CVD oxide film 24 on the floating 

gate, and then thermally treating CVD oxide film 24 using NH3 at 700ºC or 

higher.  Id. at 74 (citing Ex. 1010 ¶¶ 38–39).  Petitioner argues that Fuseno’s 

Figure 5 “shows that this results in an SiON layer 24x above polysilicon 

layer 23a.”  Id. (citing Ex. 1010 ¶ 46, Fig. 5).  In particular, Petitioner argues 
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that Fuseno Figure 5 “shows the concentrations of silicon (Si), oxygen (O), 

and nitrogen (N) in several layers of Fuseno’s memory cell including the 

polysilicon layer 23a, interface nitride layer 24x, and CVD oxide film 24.”  

Id.  According to Petitioner, “[a] person of ordinary skill in the art would 

have understood from this figure that interface nitride layer 24x is made of 

SiON.”  Id. (citing Ex. 1002 ¶¶ 133–134). 

Petitioner further explains that, in a second method, Fuseno teaches 

that “interface nitride layer 24x may be formed ‘by thermal treatment in an . 

. . oxidation-resistant atmosphere.”  Pet. 76 (citing Ex. 1010 ¶ 59).  

Petitioner argues that a person having ordinary skill in the art would 

understand “the phrase ‘thermal treatment in an . . . oxidation-resistant 

atmosphere” to mean “a thermal treatment of the polysilicon layer 23a in an 

atmosphere of a nitrogen-containing gas such as NH3, N2O, or NO because 

layer 24x forms on top of polysilicon layer 23a, which would require that the 

nitrogen-containing gas react with the polysilicon layer 23(a).”  Id. at 77 

(citing Ex. 1002 ¶¶ 135–137).  Petitioner further argues that “a thermal 

treatment of a polysilicon layer in the presence of N2O, or NO will 

necessarily produce an SiON layer.”  Id. 

Patent Owner responds that “Fuseno describes layer 24x as a silicon 

nitride or nitride layer every time it is mentioned.”  PO Resp. 35.  Patent 

Owner contends this is consistent with Fuseno’s objective of forming nitride 

layer 24x “to prevent oxidation from the sides and reduce the likelihood of 

bird’s beak and oxidation of the polysilicon.”  Id. (citing Ex. 2002 ¶ 107).  

Patent Owner further contends that Fuseno Figure 5 “does not and cannot 

identify molecules,” “[t]he signal strength is not quantitative and does not 

indicate actual concentrations,” and “the signal strength between elements 
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cannot be compared to determine relative proportion of elements.”  Id. at 38 

(citing Ex. 2002 ¶ 113).  According to Patent Owner, “Figure 5 provides a 

general understanding of the change in dopant concentration as a function of 

measurement depth,” and “cannot be used to reliably conclude that nitride 

layer 24x is comprised of silicon oxynitride.”  Id. at 39 (citing Ex. 2002 

¶¶ 115–118).   

Patent Owner asserts, with respect to Fuseno’s second method, that 

“Fuseno explicitly explains that an ‘oxidation resistant atmosphere’ is one 

that does not cause oxidation,” and, therefore, “is describing a set of reaction 

conditions where oxidation would not occur (because the atmosphere ‘does 

not produce oxidation’), only nitridation.”  PO Resp. 45 (citing Ex. 1010, 5 

¶ 23; Ex. 2002 ¶ 124).  Patent Owner further asserts that “[i]f the silicon 

surface is only nitrided and not oxidized, the result would be silicon nitride 

(SiN), not silicon oxynitride (SiON),” and “[a] person of ordinary skill 

would understand that, regardless of the specific gas, Fuseno is disclosing a 

thermal treatment to form silicon nitride.”  Id. (citing Ex. 2002 ¶ 124).   

As set forth above, we construed “buffer layer of SiON” to mean a 

“buffer layer of silicon oxynitride that contains a low concentration of 

nitrogen on the order of 1%.”  Petitioner, therefore, must show that a silicon 

oxynitride layer containing a low concentration of nitrogen is necessarily 

present in Fuseno.  The evidence does not establish this to be the case. 

Fuseno consistently refers to interface nitride layer 24x as a nitride or 

silicon nitride layer.  See, e.g., Ex. 1010 ¶ 26 (“because an oxidation 

resistant layer, such as silicon nitride, is formed in the interface between the 

CVD oxide film and the polysilicon layer,” “any oxidation (gate bird’s beak 

oxidation) on the polysilicon layer side can be suppressed completely”); id. 
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¶¶ 33 (“first interface nitride layer 24x is composed of silicon nitride”), 35 

(stating that first interface nitride layer 24x, the first CVD oxide film 24, 

second interface nitride layer 24y, silicon nitride layer 25, and second CVD 

oxide film 26 “constitute an interpoly insulator film 29” that “corresponds to 

the conventional ONO film 7”).  With respect to its first method, Fuseno 

teaches that “[i]n the interface between the first CVD oxide film 24 and 

floating gate electrode 23, a first interface nitride layer 24x is formed” that 

“is composed of silicon nitride” and “has the function of preventing any 

intrusion of oxide film 28 from the side into the floating gate electrode 23.”  

Ex. 1010 ¶ 33.  Fuseno also teaches that first interface nitride layer 24x is 

formed by conducting thermal treatment “using ammonia (NH3) gas at 

700ºC or higher.”  Id. ¶ 39.  According to Fuseno, in the described 

fabrication method, “because the first interface nitride layer 24x is formed in 

the interface between the first CVD oxide film 24 and the polysilicon layer 

23a,” gate bird’s beak oxidation of polysilicon layer 23a “can be suppressed 

completely.”  Id. ¶ 45.  These disclosures indicate that interface nitride layer 

24x most likely comprises silicon nitride, not silicon oxynitride as Petitioner 

contends. 

Moreover, even assuming that Fuseno Figure 5 shows that “the 

interface nitride layer 24x includes concentrations of Si, O, and N,” as 

Petitioner contends, it does not demonstrate that it is a buffer layer of silicon 

oxynitride that contains a low concentration of nitrogen on the order of 1% 

as is required by claim 1.  Fuseno’s entire description of Figure 5 is set forth 

below: 

In succession, during the fabrication of the interpoly 

insulator film 29 in the fabrication process in this embodiment, 

we studied the concentration distributions of nitrogen, oxygen, 
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and silicon in a depth direction, as shown in FIG. 5, with respect 

to the interpoly insulator film 29 and the underlying polysilicon 

layer 23a.  In the figure, the nitrogen concentrations increase in 

the first and second interface nitride layers 24x, 24y, and on the 

surface of the polysilicon layer 23a, the oxygen concentration 

decreases.  Thus, from the concentration distributions of dopants, 

we were able to verify the inhibiting action on the bird’s beak 

oxidation on the polysilicon layer side, as noted above. 

Ex. 1010 ¶ 46.  As Patent Owner notes, the vertical axis in Figure 5 is the 

signal strength corresponding to a particular element, and the horizontal axis 

tracks the measurement depth, but “[n]either axis has any units so the 

information is, at best, qualitative.”  PO Resp. 38–39 (citing Ex. 2002 

¶ 113).  And, Fuseno only concludes that Figure 5 verifies that bird’s beak 

oxidation on the polysilicon layer is inhibited; it says nothing about the 

composition of first interface nitride layer 24x.  Ex. 1010 ¶ 46.  In this 

regard, we credit Mr. Brahmbhatt’s testimony that “Fuseno does not use the 

information in Figure 5 to identify the chemical composition of the various 

layers in the gate stack because Fuseno, and a person of ordinary skill in the 

art, would know that such conclusions are unreliable.”  Ex. 2002 ¶ 119. 

For these reasons, Petitioner has not established by a preponderance 

of the evidence that Fuseno’s first method necessarily discloses a “first 

buffer layer of SiON” as required by claim 1. 

With regard to the second method identified by Petitioner with respect 

to the “first buffer layer of SiON” element of claim 1, Fuseno teaches that 

even when the first interface nitride layer 24x is formed by 

thermal treatment in an (sic) similar oxidation-resistant 

atmosphere, such as NH3, before the formation of the first CVD 

oxide film 24 (after the formation of a polysilicon layer), the 

same bird’s beak oxidation suppression effect as the present 

invention can be achieved.   
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Ex. 1010 ¶ 59.  Fuseno teaches that the term “oxidation resistant atmosphere 

refers to a concept of an atmosphere that does not produce oxidation, and the 

concept includes a nitriding atmosphere” such as ammonia gas, nitrous oxide 

gas, or nitrogen monoxide gas.  Id. ¶ 23.  Fuseno further explains that 

“oxidation resistant atmosphere represents a concept of not causing 

oxidation, and this concept includes a nitride layer” such as a silicon nitride 

layer.  Id. ¶ 24.   

Petitioner argues, as it did with respect to similar disclosures in Ogata, 

that Green establishes that “a thermal treatment of a polysilicon layer in the 

presence of N2O, or NO will necessarily produce an SiON layer” (Pet. 77 

(citing Pet. 26–30)), and that Patent Owner “has not provided any evidence 

showing that a reaction between silicon and NO produces anything but 

SiON” (Reply 23–24).  As an initial matter, we note that it is Petitioner’s 

burden to establish, by a preponderance of the evidence, that Fuseno 

necessarily discloses a “first buffer layer of SiON” as claimed.  35 U.S.C. 

§ 316(e); 37 C.F.R. § 42.1(d); see also Dynamic Drinkware, 800 F.3d at 

1378–79 (discussing the burdens of persuasion and production in inter 

partes review).  Additionally, we already determined that Green refers to 

nitridation of SiO2 and oxynitridation of Si as different processes, wherein 

nitridation adds N to SiO2, and oxynitridation adds both O and N to Si, and 

that, although both processes may result in SiON (depending on reaction 

conditions), we are not persuaded that Green discloses that the reaction of 

polysilicon and NO will necessarily produce SiON as Petitioner alleges.  See 

supra, Section II.E.  Neither Petitioner nor Dr. Bokor provides sufficient 

evidence or explanation with respect to the disclosures in Fuseno to change 

this result. 
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Having considered the arguments and evidence presented by both 

parties, we determine that Petitioner has not established by a preponderance 

of the evidence that Fuseno discloses the claimed “first buffer layer of 

SiON.”  On the contrary, the evidence of record establishes that although a 

person having ordinary skill in the art could understand Fuseno’s first 

interface nitride layer 24x to possibly include SiON, it is more likely that 

they would understand that it does not.  Even assuming that Fuseno’s 

thermal treatment of silicon polysilicon produces SiON as Petitioner alleges, 

there is no evidence in the record establishing that Fuseno’s first interface 

nitride layer 24x necessarily would be a buffer layer of silicon oxynitride 

that contains a low concentration of nitrogen on the order of 1%.  

Accordingly, we conclude that Petitioner has not established by a 

preponderance of the evidence that claim 1 of the ’897 patent is unpatentable 

as anticipated by Fuseno. 

III.  CONCLUSION 

For the foregoing reasons, we determine that Petitioner has not 

demonstrated by a preponderance of the evidence that claims 1–4, 6, and 7 

of the ’897 patent are unpatentable. 

IV.  ORDER 

In consideration of the foregoing, it is hereby 

ORDERED that Petitioner has not shown by a preponderance of the 

evidence that claims 1–4, 6, and 7 of the ’897 patent are unpatentable; and 

FURTHER ORDERED that, because this is a Final Written Decision, 

parties to the proceeding seeking judicial review of the Decision must 

comply with the notice and service requirements of 37 C.F.R. § 90.2. 
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