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I. INTRODUCTION 

Samsung Electronics Co., Ltd. and Samsung Electronics America, Inc. 

(collectively, “Petitioner”) request inter partes review (“IPR”) of Claims 1, 3-4, 6, 

14-15, 20-22, 24, and 29-33 of U.S. Patent No. 9,391,143 (“the ’143 Patent”) (Ex-

1001), currently assigned to Invensas Bonding Technologies, Inc. (“Patent 

Owner”).  This Petition presents non-cumulative grounds of invalidity that the U.S. 

Patent and Trademark Office (“PTO”) did not consider during prosecution.  These 

grounds are each likely to prevail, and this Petition, accordingly, should be granted 

and the challenged claims should be cancelled.  

II. MANDATORY NOTICES UNDER 37 C.F.R. §42.8 

Real Parties-in-Interest: Petitioner identifies the following real parties-in-

interest: Samsung Electronics Co., Ltd. and Samsung Electronics America, Inc. 

Related Matters: Patent Owner has asserted the ’143 Patent against 

Petitioner in Invensas Bonding Techs., Inc. v. Samsung Electronics America, Inc., 

No. 17-7609-RMB-KMW (D.N.J.).  Patent Owner has also asserted U.S. Patent 

Nos. 7,553,744, 7,807,549, 7,871,898, 8,153,505, and 9,431,368 in the related 

action.  Petitioner is concurrently filing IPR petitions for those patents. 

Lead and Back-Up Counsel:  

• Lead Counsel:  Marc Pensabene (Reg. No. 37,416), O’Melveny & 

Myers LLP, 7 Times Square, Times Square Tower, New York, New 
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York 10036.  (Telephone: 212-326-2000; Fax: 213-430-6407; Email: 

mpensabene@omm.com.) 

• Nicholas J. Whilt (Reg. No. 72,081), Clarence Rowland (Reg. No. 

73,775), O’Melveny & Myers LLP, 400 S. Hope Street, Los Angeles, 

CA 90071.  (Telephone: 213-430-6000; Fax: 213-430-6407; Email: 

nwhilt@omm.com, crowland@omm.com.)  Laura A. Bayne (Reg. No. 

72,420), O’Melveny & Myers LLP, 7 Times Square, Times Square 

Tower, New York, New York 10036.  (Telephone: 212-326-2000; 

Fax: 213-430-6407; Email: lbayne@omm.com.) 

Service Information: Petitioner consents to electronic service by email to 

INVENSASBONDINGSAMSUNGOMM@omm.com.  Please address all postal 

and hand-delivery correspondence to lead counsel at O’Melveny & Myers LLP, 7 

Times Square, Times Square Tower, New York, New York 10036, with courtesy 

copies to the email address identified above. 

III. FEE AUTHORIZATION 

The PTO is authorized to charge $30,500 to Deposit Account 50-2862 for 

the fee set forth in 37 C.F.R. §42.15(a), and any additional fees that might be due 

in connection with this Petition. 

IV. GROUNDS FOR STANDING 
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Petitioner certifies that the ’143 Patent is available for IPR and Petitioner is 

not barred or estopped from requesting IPR on the grounds identified herein. 

V. PRECISE RELIEF REQUESTED 

Petitioner respectfully requests review and cancellation of Claims 1, 3-4, 6, 

14-15, 20-22, 24, and 29-33 of the ’143 Patent under 35 U.S.C. §103(a) based on 

the following grounds: 

• Ground 1: Li and Reiche render obvious Claims 1, 3-4, 6, 14-15, 21-

22, 24, and 29-33. 

• Ground 2: Li, Reiche, and Bower render obvious Claims 1, 3-4, 6, 

14-15, 20-22, 24, and 29-33. 

VI. LEGAL STANDARDS  

A. Claim Construction 

The ’143 Patent should expire on February 16, 2020, which may or may not 

be during the pendency of this proceeding.  However, the grounds in this Petition 

render obvious the challenged claims under both the broadest reasonable 

construction standard and the Phillips standard.  To resolve the grounds presented 

in this Petition, Petitioner does not believe any term requires construction, and the 
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terms should be interpreted according to their ordinary and customary meaning.  

Declaration of Dr. Charles Hunt (Ex-1003), ¶¶19-20.2 

B. Level of Ordinary Skill in the Art 

A person of ordinary skill in the art around the filing of the ’143 Patent 

(“POSITA”) would have had a master’s degree in electrical engineering, materials 

science, chemistry, or physics, focusing on semiconductor processes as applied to 

bonding structures; a bachelor’s degree in electrical engineering, materials science, 

chemistry, or physics and 3-5 years of experience in semiconductor bonding 

technology; or equivalent degree and an equivalent amount of relevant work or 

research experience.  Ex-1003, ¶¶27-28. 

VII. BACKGROUND 

A. Overview of Technology as of Filing Date 

“Wafer bonding” or “direct bonding” generally refers to the process in 

which two mirror-polished, flat, and clean wafers of almost any material are 

brought into direct contact, and adhere or “bond” to each other.  Ex-1010, 1, 17-31, 

49-101, 103-35.  Wafer bonding is commonly applied to semiconductor wafers 

used in microelectronics, such as silicon.  Ex-1010, 1.  These applications 

                                           
2 Dr. Hunt is an expert in the field of semiconductor wafer bonding.  Ex-1003, ¶¶5-

16; Ex-1004. 



Petition for Inter Partes Review 
Patent No. 9,391,143 

5 

generally require post-bonding processing, such as thinning, etching, and/or 

polishing.  Id., 1-15, 137-73, 203-21, 223-88.  If bonds of adequate strengths are 

not obtained, then the bonded wafers will not be able to withstand such processing.  

Id.  Thus, obtaining strong bonds is a requisite goal of wafer bonding.  Id., passim.   

The initial adhesion between the two surfaces, however, is generally a result 

of van der Waals forces and hydrogen bonding, and is relatively weak compared to 

solids bonded by chemical (e.g., covalent) bonds.  Id., 1, 17-31, 49-101, 103-35.  

Thus, bonded wafers generally have to undergo a heat treatment to strengthen the 

bonds across the interface—that is to convert the van der Waals forces and 

hydrogen bonds to covalent bonds.  Id., 1, 103-35. 

Van der Waals forces and hydrogen bonds depend on an extremely short-

range attraction between surfaces and thus strongly decrease as the distance 

between two molecules increases.  Id., 17-20.  A hydrogen atom can participate in 

a hydrogen bond if it is bonded to oxygen, nitrogen, or fluorine.  Id., 20, 57-59.  

Covalent bonds, on the other hand, are chemical bonds that involve the sharing of 

electrons between atoms, which results in a stable balance of attractive and 

repulsive forces between the atoms.  Id., 1-15, 57-67, 80-87, 103-35, 215-21.  

Hydrogen bonds can convert to covalent bonds if the elements or molecules they 

are associated with are in close enough proximity.  Id.  Heat treatments (“anneals”) 

may also be used to convert hydrogen-bonded interfaces to covalent-bonded 
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interfaces.  Id.  For example, hydrogen bonds comprising water can desorb or 

diffuse from wafer surfaces at above 110°C.  Id.   

Based on this understanding of wafer bonding mechanics, it was well-

understood that adequate surface smoothness, cleanliness, and reactivity are 

essential for successful wafer bonding.  Id., 49.  If the wafer surfaces are not 

smooth—that is, if they have microscopic peaks and valleys—the surfaces will 

only bond where they are close together (i.e., peak-to-peak), and they will not bond 

where they are far apart (i.e., valley-to-valley).  Id., 1-15, 17-31, 33-67, 80-87.  

Similarly, wafer bonding requires clean surfaces, free of particles and 

contaminations, as these materials prevent bonding and lead to unbonded areas.  

Id., 1-15, 17-31, 33-56.  However, some cleaning techniques were known to 

roughen the bonding surfaces, thus it was understood that appropriate techniques 

must be able to remove all contamination from the surface while maintaining an 

adequate surface smoothness.  Id.   

Surface “activation” makes a surface more “reactive” for bonding purposes 

by increasing the number of bonding sites between the surfaces and/or increasing 

the surface molecules’ tendency to form bonds.  Id., 1-15, 49-67, 80-87, 103-23, 

203-21.  Increasing the surface reactivity thus increases the strength of the bond 

between the two surfaces.  Id.  A silicon atom forms a crystal lattice by bonding 

with each of its four nearest-neighbor silicon atoms.  Id.  At the surface of a silicon 
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layer, it is not possible for silicon atoms to form a complete crystal lattice and 

satisfy all four of its bonds because atoms on the surface do not have enough 

silicon neighbors to satisfy all of their normal bonds.  Id.  Therefore, the silicon 

surface is left with unsatisfied or “dangling” bonds, which may be satisfied when 

an atom or molecule attaches to the bonds.  Id.  Surface activation involves 

increasing the number of these dangling bonds.  Id.  Etching and some plasma 

processes may be used to activate a surface since these processes attack bonds in 

the surface material and/or dislodge surface atoms, thus increasing the number of 

dangling bonds.  Id.    

After a surface has been activated, the resulting dangling bonds may be 

“terminated” with a desired atom or molecule, which forms a temporary bond until 

the surface is brought together with another surface for permanent bonding.  Id.  

Surface termination can be achieved by subjecting the wafer to various surface 

treatments.  Id.  For example, wafers may be immersed in a solution or exposed to 

a plasma from which certain atoms or molecules will attach to the dangling bonds.  

Id.  However, such techniques were known to sometimes roughen the bonding 

surfaces, thus it was understood that appropriate techniques must be able to 

activate the surface while maintaining an adequate surface smoothness.  Id., 53-55, 

62-65, 66-67; see also id., 1-15, 49-67, 80-87, 103-23, 203-21. 
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Different atoms or molecules used to terminate a surface result in different 

chemical reactions, different reaction by-products, and different types of wafer 

bonds.  Id.  For example, when silicon wafers terminated with OH are bonded 

together, they form Si-O-Si covalent bonds with water as a by-product.  Id.  

Examples of different solutions to which wafers may be exposed to terminate the 

surface before bonding, and the resulting bonding reactions, are outlined below in 

Table 4.6.  Id., Table 4.6. 

 

It was well-understood prior to the claimed invention that hydrogen bonds form 

most easily with F, O, and N, and, as a result, dangling bonds terminated with 

molecules comprising these atoms yield reactive surfaces.  Id., 1-15, 49-67, 80-87, 

103-23, 203-21, Table 4.6.  Thus, as illustrated in Table 4.6, it was well-known 

that terminating solutions should comprise H in combination with F, O, and/or N.  

Id.   

 It was also understood that exposure to certain chemical solutions would 

result in dangling bonds on the same surface terminated by different atoms or 



Petition for Inter Partes Review 
Patent No. 9,391,143 

9 

molecules.  Id.  For example, in addition to terminating with H and/or OH, NH3 

chemical solutions can form Si-NH2 and/or Si-NH groups for hydrogen bonding.  

Id., 62, 66, 122-23, 217-19; see also id., 1-15, 49-67, 80-87, 103-23, 203-21.  

These understandings led to the basic wafer bonding method, where surfaces 

are prepared to be sufficiently smooth, clean, reactive, and terminated, room-

temperature bonded, annealed, and then post-bond processed (e.g., thinned, etched, 

or polished).  Id., 1-15, 49-67, 80-87, 103-23, 203-21.  Figure 1.2 below illustrates 

this “generic process flow,” though “[m]odifications of this process flow are quite 

common for specific applications, (for example, no heating … step may be 

involved).”  Id., 1. 
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 Because to-be-bonded wafers often comprise temperature-sensitive 

structures, it was a known goal of wafer bonding to achieve adequate bond 

strengths employing low-temperature bonding techniques.  Id., 1-15, 49-87, 103-

23, 203-88.  Thus, prior to the claimed invention, techniques were developed to 

increase bond strengths without high-temperature anneals via maximizing a 

surface’s reactivity while maintaining adequate smoothness.  Id., 1-15, 49-67, 80-

87, 103-23, 203-21. 
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B. ’143 Patent Overview 

The ’143 Patent discloses a “method for bonding at low or room 

temperature,” “based on etching and chemical bonding,” that can be used to 

“achieve high bonding strength adequate for subsequent fabrication and/or a 

desired application.”  Ex-1001, Abstract, 1:26-31, 2:30-31.  Figure 1 below “is a 

flow chart of the method according to the invention.”  Id., 4:50-51, Fig. 1.  The 

method comprises five steps: (1) forming a bonding layer on a wafer or material; 

(2) smoothing and planarizing the bonding layer; (3) slightly etching the bonding 

layer to activate the surface; (4) terminating the bonding surface with a desired 

chemical species; and (5) bonding the surface to another.  Id.   
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In step 1, the ’143 Patent discloses forming “bonding layer 32,” which “may 

be an insulator, such as SiO2, silicon nitride, [or] silicon,” or “[o]ther materials 

such as … semiconductors … may also be used.”  Id., 5:23-27.  However, a 

“planar wafer may not need to be coated with a bonding layer if it has sufficient 

smoothness and planarity and the proper bonding material.”  Id., 10:11-14. 
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In step 2, the “surface 33 of layer 32 is planarized and smoothed” “to a high 

degree of smoothness and planarity,” preferably to a surface roughness of 3 nm or 

less.  Id., Abstract, 5:30-31. 

In step 3, “[s]urface 34 … undergoes an activation process”—“[t]his 

activation process is an etching process and preferably a very slight etch (VSE) 

process.”  Id., 5:54-57.  In the preferred VSE process, “the [surface roughness] 

remains at approximately the unetched value, typically <0.5 nm and preferably in 

the range of 0.1 nm to 3 nm.”  Id., 5:57-61.  Thus, the “VSE process etches the 

surface very slightly … and preferably is controlled to not degrade the surface 

roughness of the bonding surfaces.”  Id., 6:15-18.  In addition to removing 

material, the etching process “also includes the breaking of bonds on the treated 

surfaces.”  Id., 5:61-66, 6:24-26.  The etching process “can thus enhance the 

surface activation significantly.”  Id., 6:24-26. 

In step 4, a post-etching treatment that terminates the surface with a desired 

bonding species may be used.  Id., 6:25-31.  Alternatively, the termination step 

may occur during the etching process.  Id.  In the termination step, a “desired 

species … forms a temporary bond to the surface 34 atomic layer, effectively 

terminating the atomic layer, until a subsequent time that this surface can be 

brought together with a surface terminated by the same or another bonding 

species.”  Id., 6:32-36.  “Desired species on the surfaces will … preferably react 
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with each other when they are in sufficiently close proximity allowing chemical 

bonding between [the] surfaces ... at low or room temperature.”  Id., 6:28-34.  

Then, after termination, the “wafers are optionally rinsed then dried.”  Id., 7:4. 

The ’143 Patent’s post-etching termination process “preferably consists of 

immersion in a solution containing a selected chemical to generate surface 

reactions that result in terminating the bonding surface 34 with desired species.”  

Id., 6:44-54.  The termination step “may include rinsing … in an ammonia-based 

solution,” such as “ammonium hydroxide.”  Id., 3:34-37.  The termination process 

may also consist of a plasma or a second etching process “whereby appropriate … 

chemistries are introduced to result in termination … with the desired species.”  

Id., 6:55-64. 

The ’143 Patent provides examples explaining its terminating and bonding 

process: 

• After a plasma treatment (such as oxygen), an SiO2 surface is mainly 

terminated by Si-OH groups due to moisture in the plasma system and 

in air.  Id., 8:52-55.  When the wafers are then immersed in an 

ammonium hydroxide (NH4OH) solution, many Si-OH groups are 

replaced by Si-NH2 groups.  Id., 8:55-65.  The hydrogen bonded Si-

NH2:Si-OH groups or Si-NH2:Si-NH2 groups across the bonding 
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interface can then form Si-O-Si or Si-N-N-Si (or Si-N-Si) covalent 

bonds.  Id., 8:66-9:6. 

• After an oxygen plasma treatment, an oxide surface rinsed in 

deionized water is mainly terminated with Si-OH groups.  Id., 10:39-

45.  Si-O-Si covalent bonds can then be formed as water is desorbed.  

Id., 10:45-51. 

In step 5, “[t]wo wafers are bonded by … bringing them together to form a 

bonding interface.”  Id., 7:4-6.  According to the ’143 Patent, its invention allows 

for wafers to be bonded together via chemical bonds that are formed at low or 

room temperature.  Id., 2:24-31.  After bringing the wafers together, “annealing the 

bonded wafers … may increase the bonding strength” by increasing the chemical 

bonding between the wafers, but the “annealing temperature should be below 

200°C and may be typically in the range of 75-100°C.”  Id., 8:27-29.  The patent 

discloses that, because of its method, “wafers are bonded with sufficient strength to 

allow subsequent processing operations” and that “[b]onding energies of … 500-

2000 mJ/m2 or more can be achieved.”  Id., 8:33-37, Fig. 6A.  “Since the 

maximum bonding energy of a van der Waals bonded silicon oxide covered wafer 

is about 200 mJ/m2, a large portion of the bonding energy is attributed to the 

formation of covalent bonds at the bonding interface” using the disclosed method.  

Id., 13:44-48. 
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C. Overview of the Prior Art References 

1. Li (Ex-1005) 

Li is a printed publication that was made publicly available in 1998, and is 

thus prior art under Pre-AIA 35 U.S.C. §102(a) and (b).  See Ex-1005, Ex-1012, 

Ex-1013.  Li was not considered during prosecution of the ’143 Patent.  See Ex-

1001, Cover. 

Li discloses a “systematic … process to low temperature direct bond silicon 

and/or SiO2 surfaces.”  Ex-1005, 737.  “The process begins with a cleaning process 

and is followed by a surface activation.”  Id.  Li discloses that its “activation 

processes allow a very strong low temperature bond to be created.”  Id.  Li’s 

“process activates the surface with ammonia [or] oxygen plasma” using a “reactive 

ion etcher (RIE).”  Id., 737-38.  The wafers are then placed in direct contact, and 

the two are bonded at room temperature.  Id.  The bonded pair is then annealed at 

200°C, resulting in a bond strength of more than 1000 erg/cm2.  Id., 737-40. 

2. Reiche (Ex-1006) 

Reiche is a printed publication that was made publicly available in 1997, and 

is thus prior art under Pre-AIA 35 U.S.C. §102(a) and (b).  See Ex-1006, Ex-1012, 

Ex-1014.  Reiche was not considered during prosecution of the ’143 Patent.  See 

Ex-1001, Cover. 
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In Reiche, the “effect of plasma treatments (reactive ion etching in oxygen[-] 

containing plasmas) on Si/Si wafer bonding was investigated,” including the 

reactive ion etching plasma treatment’s effect on surface roughness.  Ex-1006, 

437-38, Table 1.  Reiche reports that “adding O2 to the feed gas caused the Si(100) 

surfaces to become hydrophilic and spontaneous bonding was achieved.”  Id., 437.  

As a result, “[v]ery strong bonds … are … obtained by lower temperature 

annealing (T≤400°C) after plasma treatments in O2.”  Id. 

3. Bower (Ex-1007) 

Bower is a United States Patent that issued on April 2, 1996, and is thus 

prior art under Pre-AIA 35 U.S.C. §102(a), (b), and (e).  See Ex-1007. 

Bower discloses a “process” for “direct bonding” “at low temperatures” “in 

which a … surface is rendered … reactive” “through ammonia plasma activation” 

(i.e., “a plasma of NH3”) “by creating nitrogen based radicals on the surface.”  Id., 

Abstract, 2:12-25.  “[T]he surface is [then] direct bonded to a second surface, and 

the bonded surfaces are annealed at” a “low temperature” “typically in the range of 

… 90°C to … 300°C.”  Id., Abstract, 4:32-44.  Bower discloses that its process 

“can be applied to planarized surfaces of ‘completed’ integrated circuit chips and 

wafers,” “silicon integrated circuits,” “silicon wafer[s],” “silicon,” “silicon dioxide, 

and the like.”  Id., 3:10-20, 4:45-5:65, 6:64-7:6.  Bower further discloses that, for 

“successful[] bonding,” the “[m]aterial preparation” for its “low temperature 
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nitrogen bonding” process “require[s]” both “[s]urface flatness” and a “surface 

microroughness [of] less than 10 Å.”  Id., 6:64-7:6. 

VIII. DETAILED EXPLANATION OF GROUNDS 

A. Ground 1: Li and Reiche Render Obvious Claims 1, 3-4, 6, 14-15, 
21-22, 24, and 29-31 

1. Reasons to Combine 

A POSITA would have found it obvious to combine Li and Reiche.  Ex-

1003, ¶58.  Both references disclose improvements to the wafer bonding process 

and methods to increase the bond strength between bonded wafers.  Ex-1005, 737-

40; Ex-1006, 437.  Given that they are in a common field of endeavor and disclose 

similar goals, a POSITA would have found it obvious to combine their teachings.  

Ex-1003, ¶58. 

Li discloses “activat[ing] the surface with … ammonia [or] oxygen plasma” 

using a “reactive ion etcher (RIE),” which “allow[s] a very strong low temperature 

bond to be created.”  Ex-1005, 737-38.  Reiche details the effects of such plasma 

treatments on wafer bonding as it investigates the “effect of plasma treatments 

(reactive ion etching in oxygen[-]containing plasmas) on … wafer bonding” and 

reports that these treatments “cause[] the Si(100) surfaces to become hydrophilic,” 

“spontaneous bonding [to be] achieved,” and “[v]ery strong bonds [to be] obtained 

by low[] temperature annealing.”  Ex-1006, 437-38.  As a result, a POSITA would 
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have been motivated to combine Li and Reiche as Reiche provides further 

information regarding an issue specifically identified by Li.  Ex-1003, ¶59. 

Li further discloses low temperature direct bonding’s requirement of 

“smooth, flat samples.”  Ex-1005, 737.  Thus, a POSITA would have understood 

Li to teach the importance of surface roughness in wafer bonding.  Ex-1003, ¶60.  

Reiche discloses the effect of various treatments, including plasma activation 

treatments, on surface roughness, and discloses that a relatively small change in 

surface roughness and “[v]ery strong bonds” are achieved by reducing the 

concentration of gases such as CHF3 or SF6 in the plasma chamber.  Ex-1006, 437-

38, Table 1.  As a result, a POSITA would have been further motivated to combine 

Li and Reiche as Reiche provides even further information regarding another issue 

specifically identified by Li.  Ex-1003, ¶60. 

A POSITA would have found it obvious to apply Reiche’s teachings to Li’s 

“plasma activation process” as both disclose “activat[ing] the surface with … 

plasma” using a “reactive ion etcher (RIE)” and both disclose using oxygen as the 

reagent gas.  Ex-1003, ¶61.  Moreover, as Reiche discloses that “the wafers were 

plasma treated” “[a]fter cleaning in standard RCA[] solutions” (Ex-1006, 438), a 

POSITA would have understood that Reiche’s “silicon wafers” (id.) were covered 

in a native oxide layer, similar to Li’s disclosed SiO2 oxide bonding layer (Ex-

1005, 737-39).  Ex-1003, ¶61; Ex-1008, 53-54 (“A … native oxide … will grow on 
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the Si surface during the RCA cleaning process.”).  Thus, Li and Reiche further 

both teach the same bonding surfaces.  Ex-1003, ¶61.  Thus, a POSITA would 

have found it obvious to similarly control the plasma process of Li as taught by 

Reiche such that the concentration of gases such as CHF3 or SF6 in the plasma 

chamber was reduced, or replace the Li process with the Reiche process, to achieve 

the same surface roughness results taught by Reiche.  Id. 

2. Claim 1 

a. Preamble ([1pre]): “A bonding method, comprising:” 

 Li describes a “developed … systematic … process to low temperature 

direct bond silicon and/or SiO2 surfaces.”  Ex-1005, 737.  “The process begins with 

a cleaning process and is followed by a surface activation.”  Id.  “The process 

activates the surface with ammonia [or] oxygen plasma,” which “allow[s] a very 

strong low temperature bond to be created.”  Id.  The wafers are then annealed to 

200°C, leading to bond strengths greater than 1000 mJ/m2.  Id.  Thus, Li discloses 

bonding methods. 

 Accordingly, to the extent limiting, Li discloses the preamble (Element 

[1pre]).  Ex-1003, ¶¶62-63. 

b. [1a]: “forming a planarized insulating material on a 
semiconductor wafer;” 

Li discloses forming an insulating material on a semiconductor wafer.  It 

discloses that its “process works for both bare silicon and SiO2 surfaces.”  Ex-
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1005, 737-39.  Silicon oxides, including SiO2, were well-known insulating 

materials and, therefore, a POSITA would have understood that Li’s SiO2 bonding 

surfaces comprise an insulating material.  Ex-1003, ¶64.  Indeed, the ’143 Patent 

discloses the claimed “insulating material” as comprising silicon oxide and silicon 

dioxide.  Ex-1001, 2:66-3:4, 5:19-29, Claims 16, 26.  Li further explains that 

“semiconductor surfaces” comprising “100-mm commercial Czochralski (CZ) 

<100> silicon wafers [were] used in this work.”  Ex-1005, 737.  Thus, a POSITA 

would have understood that Li’s SiO2 bonding surfaces were formed on 

semiconductor wafers.  Ex-1003, ¶64.  Thus, Li discloses forming an insulating 

material on a semiconductor wafer. 

Li also renders obvious forming a planarized insulating material on a 

semiconductor wafer.  It teaches that “direct bonding requires … flat samples.”  

Ex-1005, 737.  Thus, a POSITA would have understood that Li’s disclosed SiO2 

bonding surfaces were planarized.  Ex-1003, ¶65.  To the extent planarized 

bonding surfaces are not expressly disclosed in Li, a POSITA would have found it 

obvious to planarize Li’s disclosed SiO2 bonding surfaces as Li teaches that “direct 

bonding requires smooth, flat samples” (Ex-1005, 737), a POSITA would have 

understood that planarization produces smooth, flat samples, and planarization 

techniques to produce smooth, flat samples were well-known in the art.  Ex-1003, 
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¶65.  Thus, Li renders obvious forming a planarized insulating material on a 

semiconductor wafer. 

Accordingly, Li renders obvious Element [1a].  Id., ¶¶64-66. 

c. [1b]: “etching the planarized insulating material in a 
reaction space;” 

Li renders obvious etching the bonding surfaces.  Li’s disclosed “process 

activates the surface with ammonia [or] oxygen plasma.”  Ex-1005, 737.  “A … 

reactive ion etcher (RIE) is used for the surface plasma activation process.”  Id., 

738.3  This is consistent with the ’143 Patent’s disclosure that its etching activation 

process comprises “RIE mode plasma treat[ing] … wafers,” “O2 plasma treat[ing] 

[in] RIE mode,” and “etching by O2 plasma.”  Ex-1001, 13:41-48, 14:14-37. 

To the extent the term “etching” is interpreted to require enhancing 

activation, Li still renders obvious this element.  Li’s disclosed “process activates 

the surface with ammonia [or] oxygen plasma,” which “allow a very strong low 

temperature bond to be created.”  Ex-1005, 737.  A POSITA would have 

understood that Li’s plasma process “activates the surface” and “allow[s] a very 

strong low temperature bond to be created” (id., 737) by breaking existing bonds at 

the bonding surface to allow their subsequent termination with a desired atom or 

molecule.  Ex-1003, ¶68.  This is consistent with the ’143 Patent’s disclosure that 
                                           
3 All emphases are added unless otherwise specified. 
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its etching activation process “serves to … break bonds … on the wafer surface” 

and “can thus enhance the surface activation significantly.”  Ex-1001, 6:24-26. 

To the extent Li does not render obvious this element, it would have been 

obvious in view of Reiche.  A POSITA would have been motivated to combine Li 

and Reiche for the reasons discussed above.  Section VIII.A.1.  In particular, a 

POSITA would have been motivated to modify Li’s disclosed “surface plasma 

activation process” to include Reiche’s “reactive ion etching … plasma[]” 

“activation process.”  Ex-1003, ¶69.  Thus, the combined teachings of Li and 

Reiche disclose a “reactive ion etching … plasma[]” treatment to activate the 

bonding surface.  Ex-1005, 738 (“[a] reactive ion etcher (RIE) is used for the 

surface plasma activation process”); Ex-1006, 437-38 (disclosing a “reactive ion 

etching … plasma[]” “activation process”).  This is consistent with the ’143 

Patent’s disclosure that its etching activation process comprises “RIE mode plasma 

treat[ing] … wafers” and “O2 plasma treat[ing] [in] RIE mode.”  Ex-1001, 13:41-

48, 14:14-37.  Reiche discloses that “[v]ery strong bonds … are … obtained by 

lower temperature annealing (T≤400°C) after plasma treatments in O2.”  Ex-1006, 

437.  A POSITA also would have understood that Reiche’s “reactive ion etching 

… plasma[]” “activation process” activates the surface and leads to “[v]ery strong 

bonds” (id.) by breaking existing bonds at the bonding surface to allow their 

subsequent termination with a desired atom or molecule.  Ex-1003, ¶69.  This is 
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consistent with the ’143 Patent’s disclosure that its etching activation process 

“serves to … break bonds … on the wafer surface” and “can thus enhance the 

surface activation significantly.”  Ex-1001, 6:24-26. 

Li further renders obvious etching the bonding surfaces in a reaction space.  

It discloses that “[a] Technics 800 series micro reactive ion etcher (RIE)” 

“chamber” “is used for the surface plasma activation process.”  Ex-1005, 738.  

This is consistent with the ’143 Patent’s disclosure of the claimed “reaction space” 

comprising a “plasma chamber.”  Ex-1001, Claims 3, 4.  Thus, Li renders obvious 

etching the bonding surfaces in a reaction space as claimed by the ’143 Patent. 

Accordingly, Li and Reiche render obvious Element [1b].  Ex-1003, ¶¶67-

71. 

d. [1c]: “terminating the planarized insulating material with 
a nitrogen-containing species by at least one of: a 
nitrogen-containing plasma during the etching, and a 
nitrogen-containing solution after the etching;” 

Li and Reiche render obvious terminating the bonding surfaces of the 

planarized insulating material with a nitrogen-containing species by a nitrogen-

containing plasma during the etching.  As discussed above, Li and Reiche render 

obvious an “ammonia [(NH3)]” “reactive ion etching … plasma[]” activation 

treatment using a “reactive ion etcher (RIE)” (Ex-1005, 737-38; Ex-1006, 437-38).  

See supra, Element [1b]; Section VIII.A.2.c.  A POSITA would have understood 

Li’s disclosed ammonia (NH3) plasma treatment to contain nitrogen.  Ex-1003, 
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¶72; see also Ex-1001, 3:34-37 (disclosing that the termination step may comprise 

the use of “an ammonia-based solution”). 

An ammonia plasma treatment step, such as the one disclosed in Li, 

terminates a bonding surface, and the mechanisms of this termination were well-

understood.  Ex-1003, ¶73.  First, the ammonia plasma treatment forms silicon 

nitride on a silicon surface.  Id.; Ex-1009, 14 (disclosing that an ammonia plasma 

etching treatment “chemically react[s] with Si to form a thin layer of SixNy” (e.g., 

Si3N4)).  Then, the ammonia plasma treatment creates free radicals of Si-(NxHy) 

groups and/or breaks bonds at the surface to form Si-(NxHy) groups at the 

dangling bonds, thereby terminating the surface.  Ex-1003, ¶73; Ex-1010, 1411 

(disclosing that an ammonia plasma etching treatment “attack[s] the Si-N-Si 

bond[s] to form … Si-NH groups for hydrogen bonding”), 1415 (“Si-(NxHy) 

groups can be formed on Si3N4 surfaces by an … NH3 plasma treatment.”); Ex-

1011, 3485-87 (disclosing that “NH3 plasma activation” on “Si3N4” surfaces 

creates “free radicals of Si-N-H”); Ex-1008.  Next, the Si-(NxHy) groups at the 

bonding interface react to form Si-N-Si covalent bonds with H2 as a by-product.  

Ex-1003, ¶73; Ex-1010, 1415 (“Si-NH groups … can … react to form strong 

covalent bonds at temperatures as low as 90°C:  Si-(NxHy) + (HyNx)-Si ==> Si-

(2Nx)-Si + yH2”); Ex-1011, 3487 (“free radicals of Si-N-H [result in a] cohesive 

direct bond of the Si-(N)-Si-type [and] a chemical reaction as follows:  Si-(NxHy) + 
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(NxHy)-Si ==> Si-(2Nx)-Si + yH2”).  Thus, a POSITA would have understood that 

the terminating process occurs during the etching process in Li’s plasma treatment 

step.  Ex-1003, ¶73.  A POSITA also would have understood that Li’s ammonia 

plasma treatment would terminate the bonding surfaces with Si-(NxHy) groups.  Id. 

Li’s disclosed “reactive ion etcher (RIE)” “ammonia … plasma” treatment 

step is consistent with the ’143 Patent’s disclosure that its surface activation and 

termination processes can occur in a single step, where the “VSE served to … 

break bonds … on the wafer surface” and “[a] desired bonding species can [then] 

be used to terminate [the] surface 34 during the VSE by proper design of the 

VSE.”  Ex-1001, 6:24-31; see also id., 6:44-54 (“The [termination] process 

preferably consists of immersion in a solution containing a selected chemical to 

generate surface reactions that result in terminating the bonding surface 34 with 

desired species.”).   

Moreover, Li’s disclosed “reactive ion etcher (RIE)” “ammonia … plasma” 

treatment step is also consistent with the ’143 Patent’s disclosure that its 

termination step “may include [exposure to] an ammonia-based solution.”  Id., 

3:34-37.  The ’143 Patent acknowledges that when wafers are immersed in such a 

solution, the surface is terminated by Si-NH2 groups, and the following bonding 

reaction then takes place:   

Si-NH2 + Si-NH2 ==> Si-N-N-Si + 2H2 
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Id., 8:51-9:5. 

Li therefore discloses an identical nitrogen-based surface terminating 

solution, identical nitrogen-based surface terminating species, and identical 

nitrogen-based bonding reactions as those disclosed by the ’143 Patent.  Ex-1005, 

737-38; Ex-1009, 14; Ex-1010, 1411, 1415; Ex-1011, 3485-87; Ex-1007; Ex-1001, 

3:34-37, 8:51-9:5; Ex-1003, ¶76.  Thus, Li and Reiche render obvious terminating 

the bonding surfaces of the planarized insulating material with a nitrogen-

containing species by a nitrogen-containing plasma during the etching. 

Accordingly, Li render and Reiche render obvious Element [1c].  Ex-1003, 

¶¶72-77. 

e. [1d]: “bringing a first material into direct contact with the 
terminated and planarized insulating material outside the 
reaction space; and” 

Li discloses a first material.  It discloses that its “process works for both bare 

silicon and SiO2 surfaces.”  Ex-1005, 737-39.  This is consistent with the ’143 

Patent’s disclosure of the claimed “first material” comprising a “[l]ayer [of] SiO2” 

(Ex-1001, 5:23-27), a “silicon wafer” (id., 10:11-14, 10:22-24), or a “silicon wafer 

… having a native oxide [or] an oxide layer formed on its surface” (id., 10:37-39).  

See id., Claims 9-11, 23.  Thus, Li discloses a first material. 

Li also discloses bringing the bonding surfaces into direct contact after 

terminating.  It discloses that “[a]fter the plasma surfaces treatment,” the surfaces 
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are “placed face-to-face” without “temperature [being] applied.”  Ex-1005, 737-40.  

Thus, Li discloses bringing the bonding surfaces into direct contact after 

terminating.  Indeed, Li discloses its surfaces were bonded without vacuum 

conditions, adhesive, or applied electric field.  Ex-1005, 737-38; see also Ex-1001, 

1:56-63, 7:44-58. 

Li further discloses bringing the bonding surfaces into direct contact outside 

the reaction space.  As discussed above, Li renders obvious etching the bonding 

surfaces in a reaction space as it discloses that its “plasma surfaces treatment” 

occurs in a “reactive ion etcher (RIE)” “chamber” (Ex-1005, 738).  See supra, 

Element [1b]; Section VIII.A.2.c.  Li further discloses that “[a]fter the plasma 

surfaces treatment, a pair of samples is placed face-to-face into a pressure fixture” 

for bonding.  Ex-1005, 738.  Thus, a POSITA would have understood that Li’s 

bonding surfaces were brought into direct contact outside of its “reactive ion etcher 

(RIE)” “chamber” as a POSITA would have understood Li’s “pressure fixture” to 

be a separate apparatus than its “reactive ion etcher (RIE)” “chamber.”  Ex-1003, 

¶80.  Thus, Li discloses bringing the bonding surfaces into direct contact outside 

the reaction space as claimed by the ’143 Patent. 

Accordingly, Li discloses Element [1d].  Id., ¶¶78-81. 
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f. [1e]: “forming a chemical bond between the terminated 
and planarized insulating material and the first material.” 

Li renders obvious forming a chemical bond between the bonding surfaces 

of the terminated and planarized insulating material and the first material.  Surfaces 

terminated by Si-(NxHy) groups, such as those exposed to Li’s ammonia plasma 

treatment, result in the formation of covalent bonds, and the mechanisms of this 

process were well-understood.  Ex-1003, ¶82; Ex-1010, 1415 (“Si-NH groups … 

can … react to form strong covalent bonds at temperatures as low as 90°C:  Si-

(NxHy) + (HyNx)-Si ==> Si-(2Nx)-Si + yH2”); Ex-1011, 3487 (“free radicals of Si-

N-H [result in a] cohesive direct bond of the Si-(N)-Si-type [and] a chemical 

reaction as follows:  Si-(NxHy) + (NxHy)-Si ==> Si-(2Nx)-Si + yH2”). 

The ’143 Patent acknowledges that surfaces terminated by Si-(NxHy) groups, 

such as those exposed to Li’s ammonia plasma treatment, react with one another to 

form covalent bonds.  Ex-1001, 8:51-9:5 (explaining that when surfaces are 

“terminated by … Si-NH2 groups,” “the following … reaction” takes place: “Si-

NH2 + Si-NH2 ==> Si-N-N-Si + 2H2,” “forming … Si-N-N-Si (or Si-N-Si) 

covalent bonds”). 

It was well-understood that covalent bonds are chemical bonds and that 

covalent bonds between the surfaces indicate that the surfaces are bonded by a 

chemical bond.  Ex-1008, passim.; Ex-1003, ¶84; Sections VII.A and VII.B.  Thus, 
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a POSITA would have understood that Li’s surfaces were bonded by a chemical 

bond.  Ex-1003, ¶84.   

Moreover, Li discloses that the bonded pair is “anneal[ed] [at] 200°C for 

[approximately] 24 h[, resulting in a] bond strength greater than … 1,000 erg/cm2.”  

Ex-1005, 737-40.  A POSITA would have understood an “erg/cm2” to be a unit 

equivalent to a “mJ/m2,” and thus would have understood Li’s surfaces to have a 

bond strength of more than 1000 mJ/m2.  Ex-1003, ¶85.  A POSITA also would 

have understood that Li’s surfaces were bonded by a chemical bond as bond 

strengths in excess of 1000 mJ/m2, as disclosed by Li, are not possible without a 

chemical bond.  Id.; Ex-1001, 13:44-48 (“Since the maximum bonding energy of a 

van der Waals bonded silicon oxide covered wafer is about 200 mJ/m2, a large 

portion of the bonding energy is attributed to the formation of covalent bonds at 

the bonding interface…”).  Thus, Li renders obvious forming a chemical bond 

between the bonding surfaces of the terminated and planarized insulating material 

and the first material. 

Accordingly, Li renders obvious Element [1e].  Ex-1003, ¶¶82-86.  Thus, Li 

and Reiche render obvious Claim 1.  Id., ¶¶62-87. 

3. Claim 3: “wherein the etching the planarized insulating 
material is conducted in a plasma chamber, the reaction 
space comprising the plasma chamber” 

See supra, Element [1b].  Section VIII.A.2.c. 
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As explained above, Li and Reiche render obvious performing an 

“ammonia” “reactive ion etching … plasma[]” activation treatment in a “reactive 

ion etcher (RIE)” “chamber” (Ex-1005, 737-38; Ex-1006, 437-38).  See supra, 

Element [1b]; Section VIII.A.2.c.  Thus, the etching comprises exposing the 

bonding surfaces to a plasma etching process in a reaction space comprising a 

plasma chamber, i.e., “[a] Technics 800 series micro reactive ion etcher (RIE)” 

“chamber.”  Ex-1005, 738. 

For these reasons, and for those stated above for Claim 1, Li and Reiche 

render obvious Claim 3.  Ex-1003, ¶¶88-90; see supra, Claim 1. 

4. Claim 4: “wherein the etching and the terminating 
comprise exposing the planarized insulating material to the 
plasma etching process in a plasma chamber, the reaction 
space comprising the plasma chamber” 

See supra, Elements [1b], [1c].  Sections VIII.A.2.c and 2.d. 

Specifically, Li and Reiche render obvious performing an “ammonia” 

“reactive ion etching … plasma[]” treatment step in a “reactive ion etcher (RIE)” 

“chamber” to both etch and terminate the bonding surfaces (Ex-1005, 737-38; Ex-

1006, 437-38).  See supra, Elements [1b], [1c]; Sections VIII.A.2.c and 2.d.  For 

example, as explained above, an ammonia plasma treatment step, such as the one 

disclosed in Li, performs the etching and the terminating in the same step.  See 

supra, Element [1c]; Section VIII.A.2.d.  Thus, the etching and terminating 

comprise exposing the bonding surfaces to a plasma etching process in a reaction 
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space comprising a plasma chamber, i.e., “[a] Technics 800 series micro reactive 

ion etcher (RIE)” “chamber.”  Ex-1005, 738. 

For these reasons, and for those stated above for Claim 1, Li and Reiche 

render obvious Claim 4.  Ex-1003, ¶¶91-93; see supra, Claim 1. 

5. Claim 6: “wherein the exposing the planarized insulating 
material to the plasma etching process in the plasma 
chamber comprises using nitrogen gas” 

See supra, Element [1b].  Section VIII.A.2.c. 

As explained above, Li and Reiche render obvious performing an “ammonia 

[(NH3)]” “reactive ion etching … plasma[]” treatment step in a “reactive ion 

etcher (RIE)” “chamber” to both etch and terminate the bonding surfaces (Ex-

1005, 737-38; Ex-1006, 437-38).  See supra, Elements [1b], [1c]; Sections 

VIII.A.2.c and 2.d.  A POSITA would have understood the ammonia plasma 

treatment to comprise using nitrogen gas.  Ex-1003, ¶95.   

For these reasons, and for those stated above for Claims 1 and 4, Li and 

Reiche render obvious Claim 6.  Id., ¶¶94-96; see supra, Claims 1, 4. 

6. Claim 14: “wherein the bringing into direct contact is 
performed at room temperature” 

See supra, Element [1d].  Section VIII.A.2.e. 

As explained above, Li discloses that the bonding surfaces are “placed face-

to-face” without “temperature [being] applied” (Ex-1005, 737-40).  See supra, 

Element [1d]; Section VIII.A.2.e.  Thus, a POSITA would have understood Li’s 
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bonding process to comprise bringing the bonding surfaces into direct contact at 

room temperature.  Ex-1003, ¶98.  

For these reasons, and for those stated above for Claim 1, Li and Reiche 

render obvious Claim 14.  Id., ¶¶97-99; see supra, Claim 1. 

7. Claim 15: “wherein the bringing into direct contact is 
conducted in air” 

See supra, Element [1d].  Section VIII.A.2.e.   

As explained above, Li discloses that the bonding surfaces are “placed face-

to-face” without “temperature [being] applied” and without vacuum conditions, 

adhesive, or applied electric field (Ex-1005, 737-38; see also Ex-1001, 1:56-63, 

7:44-58).  See supra, Element [1d]; Section VIII.A.2.e.  Thus, a POSITA would 

have understood Li’s bonding process to comprise bringing the bonding surfaces 

into direct contact in air.  Ex-1003, ¶101. 

For these reasons, and for those stated above for Claim 1, Li and Reiche 

render obvious Claim 15.  Id., ¶¶100-102; see supra, Claim 1. 

8. Claim 21 

a. Preamble ([21pre]): “A bonded structure comprising:” 

See supra, Elements [1pre], [1d], [1e].  Sections VIII.A.2.a, 2.e, and 2.f. 

b. [21a]: “a first semiconductor material comprising a 
planarized insulating material having a first bonding 
surface; and” 

See supra, Element [1a].  Section VIII.A.2.b. 
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As explained above, Li discloses that its “process works for” “smooth, flat 

samples” of “both bare silicon and SiO2 surfaces” (Ex-1005, 737-39) and thus 

renders obvious forming a planarized insulating material on a semiconductor 

wafer.  See supra, Element [1a]; Section VIII.A.2.b.  For these reasons, and for 

those stated above for Element [1a], Li renders obvious a first semiconductor 

material comprising a planarized insulating material having a first bonding surface.  

Ex-1003, ¶105; see supra, Element [1a]. 

c. [21b]: “a second material having a second bonding 
surface,” 

See supra, Element [1d].  Section VIII.A.2.e. 

As explained above, Li discloses that its “process works for both bare silicon 

and SiO2 surfaces” (Ex-1005, 737-39).  See supra, Element [1d]; Section 

VIII.A.2.e.  This is consistent with the ’143 Patent’s disclosure of the claimed 

“second material” comprising a “[l]ayer [of] SiO2” (Ex-1001, 5:23-27), a “silicon 

wafer” (id., 10:11-14, 10:22-24), or a “silicon wafer … having a native oxide [or] 

an oxide layer formed on its surface” (id., 10:37-39).  See id., Claims 9-11, 23.  

Thus, Li discloses a second material having a second bonding surface. 

d. [21c]: “wherein the first bonding surface is an etched 
surface terminated with a nitrogen-containing species, 
and”  

See supra, Elements [1b], [1c].  Sections VIII.A.2.c and 2.d. 
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e. [21d]: “wherein the first and second bonding surfaces are 
in direct contact with each other and bonded together 
with a chemical bond without any intervening adhesive.” 

See supra, Elements [1d], [1e].  Sections VIII.A.2.e and 2.f. 

As explained above, Li discloses that the bonding surfaces are “placed face-

to-face” without “temperature [being] applied” and without vacuum conditions, 

adhesive, or applied electric field (Ex-1005, 737-38; see also Ex-1001, 1:56-63, 

7:44-58).  See supra, Element [1d]; Section VIII.A.2.e.  The bonded pair is then 

“anneal[ed] [at] 200°C” “for [approximately] 24 h,” resulting in a chemical bond 

with a “bond strength greater than” 1,000 mJ/m2 (Ex-1005, 737-40).  See supra, 

Element [1e]; Section VIII.A.2.f. 

Accordingly, Li and Reiche render obvious Claim 21.  Ex-1003, ¶¶103-111. 

9. Claim 22: “further comprising at least one integrated 
circuit in the first semiconductor material” 

See supra, Element [21a].  Section VIII.A.8.b. 

As explained above, Li discloses that its “process works for” “smooth, flat 

samples” of “both bare silicon and SiO2 surfaces” (Ex-1005, 737-39) and thus 

renders obvious a first semiconductor material comprising a planarized insulating 

material having a first bonding surface.  See supra, Element [21a]; Section 

VIII.A.8.b.  To the extent at least one integrated circuit in the first semiconductor 

material is not expressly disclosed in Li, a POSITA would have found it obvious as 

Li teaches the applicability of its disclosed process to “[d]irect bonding of silicon 
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and other materials commonly used in semiconductor structures” (Ex-1005, 737), a 

POSITA would have understood semiconductor materials comprising at least one 

integrated circuit in the semiconductor material were “materials commonly used in 

semiconductor structures,” and semiconductor materials comprising at least one 

integrated circuit in the semiconductor material were well-known in the art.  Ex-

1003, ¶113.  Thus, Li renders obvious a first semiconductor material comprising at 

least one integrated circuit in the first semiconductor material. 

For these reasons, and for those stated above for Claim 21, Li and Reiche 

render obvious Claim 22.  Id., ¶¶112-114; see supra, Claim 21. 

10. Claim 24: “wherein the chemical bond has a strength of at 
least 500 mJ/m2” 

See supra, Element [1e].  Section VIII.A.2.f. 

As explained above, in Li, after bringing the bonding surfaces into direct 

contact at room temperature, the bonds were annealed at 200°C for approximately 

24 hours, resulting in chemical bonds with a bond strength of more than 1000 

mJ/m2 (Ex-1005, 737-40).  See supra, Element [1e]; Section VIII.A.2.f. 

For these reasons, and for those stated above for Claim 21, Li and Reiche 

render obvious Claim 24.  Ex-1003, ¶¶115-117; see supra, Claim 21. 
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11. Claim 29: “wherein the first bonding surface is terminated 
with a nitrogen-containing species by at least one of a 
nitrogen-containing plasma during etching and a nitrogen-
containing solution after etching” 

See supra, Element [1c].  Section VIII.A.2.d. 

For these reasons, and for those stated above for Claim 21, Li and Reiche 

render obvious Claim 29.  Ex-1003, ¶¶118-119; see supra, Claim 21. 

12. Claim 30: “wherein the chemical bond is a covalent bond” 

See supra, Element [1e].  Section VIII.A.2.f. 

For these reasons, and for those stated above for Claim 21, Li and Reiche 

render obvious Claim 30.  Ex-1003, ¶¶120-121; see supra, Claim 21. 

13. Claim 31 

a. Preamble ([31pre]): “A bonding method, comprising:” 

See supra, Element [1pre].  Section VIII.A.2.a. 

b. [31a]: “forming a planarized insulating material on a 
semiconductor wafer;” 

See supra, Element [1a].  Section VIII.A.2.b. 

c. [31b]: “etching the planarized insulating material;” 

See supra, Element [1b].  Section VIII.A.2.c. 

d. [31c]: “terminating the planarized insulating material 
with a nitrogen-containing species by at least one of: a 
nitrogen-containing plasma during the etching, and a 
nitrogen-containing solution after the etching;”  

See supra, Element [1c].  Section VIII.A.2.d. 
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e. [31d]: “bringing a first material into direct contact with 
the terminated and planarized insulating material; and” 

See supra, Element [1d].  Section VIII.A.2.e. 

f. [31e]: “forming a chemical bond between the terminated 
and planarized insulating material and the first material.” 

See supra, Element [1e].  Section VIII.A.2.f. 

Accordingly, Li and Reiche render obvious Claim 31.  Ex-1003, ¶¶122-128. 

14. Claim 32 

a. Preamble ([32pre]): “A bonding method, comprising:” 

See supra, Element [1pre].  Section VIII.A.2.a. 

b. [32a]: “forming a planarized insulating material on a 
processed semiconductor wafer;” 

See supra, Element [1a].  Section VIII.A.2.b. 

As explained above, Li discloses that its “process works for” “smooth, flat 

samples” of “both bare silicon and SiO2 surfaces” (Ex-1005, 737-39) and thus 

renders obvious a planarized insulating material on a semiconductor wafer.  See 

supra, Element [1a]; Section VIII.A.2.b.  Moreover, as Li discloses that its 

“attempted bonding samples” were “commercial … silicon wafers” that were “cut” 

and “RCA clean[ed]” (Ex-1005, 737), a POSITA would have understood that Li’s 

disclosed SiO2 bonding surfaces were formed on a processed semiconductor wafer.  

Ex-1003, ¶131.  To the extent forming an SiO2 bonding surface on a processed 

semiconductor wafer is not expressly disclosed in Li, a POSITA would have found 
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it obvious as Li teaches the applicability of its disclosed process to “[d]irect 

bonding of silicon and other materials commonly used in semiconductor 

structures” (Ex-1005, 737), a POSITA would have understood processed 

semiconductor wafers were “materials commonly used in semiconductor 

structures,” and forming SiO2 bonding layers on processed semiconductor wafers 

was well-known in the art.  Ex-1003, ¶131.  Thus, Li renders obvious forming a 

planarized insulating material on a processed semiconductor wafer. 

c. [32b]: “exposing the planarized insulating material to a 
plasma process in a plasma chamber using a nitrogen-
containing gas;” 

See supra, Elements [1b], [1c].  Sections VIII.A.2.c and 2.d. 

As explained above, Li’s disclosed “process activates the surface with 

ammonia [(NH3)] plasma,” and a “reactive ion etcher (RIE)” “chamber” “is used 

for the surface plasma activation process” (Ex-1005, 737-38).  See supra, 

Elements [1b], [1c]; Sections VIII.A.2.c and 2.d.  Moreover, the combined 

teachings of Li and Reiche disclose an “ammonia [(NH3)]” “reactive ion etching 

… plasma[]” treatment to activate the bonding surface.  Ex-1005, 738 (“[a] 

reactive ion etcher (RIE) is used for the surface plasma activation process”); Ex-

1006, 437-38 (disclosing a “reactive ion etching … plasma[]” “activation 

process”).  Thus, Li’s disclosed ammonia (NH3) plasma treatment comprises 

exposing the bonding surfaces of the planarized insulating material to a plasma 
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process in a reaction space comprising a plasma chamber, i.e., “[a] Technics 800 

series micro reactive ion etcher (RIE)” “chamber.”  Ex-1005, 738.  A POSITA 

would have understood Li’s disclosed ammonia (NH3) plasma treatment to 

comprise using a nitrogen-containing gas.  Ex-1003, ¶133.  Thus, Li and Reiche 

render obvious exposing the planarized insulating material to a plasma process in a 

plasma chamber using a nitrogen-containing gas.  See Ex-1001, 6:24-26, 13:41-48, 

14:14-37. 

d. [32c]: “terminating the planarized insulating material 
with a species;” 

See supra, Element [1c].  Section VIII.A.2.d. 

e. [32d]: “bringing into direct contact the terminated and 
planarized insulating material and a first material outside 
of said plasma chamber; and” 

See supra, Element [1d].  Section VIII.A.2.e.   

f. [32e]: “forming a chemical bond between the terminated 
and planarized insulating material and the first material.” 

See supra, Element [1e].  Section VIII.A.2.f. 

Accordingly, Li and Reiche render obvious Claim 32.  Ex-1003, ¶¶129-137. 

15. Claim 33: “wherein the species comprises nitrogen” 

See supra, Element [1c].  Section VIII.A.2.d. 

For these reasons, and for those stated above for Claim 32, Li and Reiche 

render obvious Claim 33.  Ex-1003, ¶¶138-139; see supra, Claim 32. 
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B. Ground 2: Li, Reiche, and Bower Render Obvious Claims 1, 3-4, 
6, 14-15, 20-22, 24, and 29-31 

1. Reasons to Combine 

A POSITA would have found it obvious to combine Li, Reiche, and Bower.  

Ex-1003, ¶142.  All three references disclose improvements to the wafer bonding 

process and methods to increase the bond strength between bonded wafers.  Ex-

1005, 737-40; Ex-1006, 437; Ex-1007, Abstract.  Given that they are in a common 

field of endeavor and disclose similar goals, a POSITA would have found it 

obvious to combine their teachings.  Ex-1003, ¶142. 

Further, a POSITA would have found it obvious to combine Li and Bower’s 

teachings based on the similarities of their disclosures.  Id., ¶143.  Li discloses 

“activat[ing] the surface with … ammonia [or] oxygen plasma,” which “allow[s] a 

very strong low temperature bond to be created.”  Ex-1005, 737-38.  Similarly, 

Bower discloses a “process” for “direct bonding” “at low temperatures” “in which 

a … surface is rendered … reactive” “through ammonia plasma activation” (i.e., “a 

plasma of NH3”).  Ex-1007, Abstract, 2:12-25.  Li further discloses that its 

“process works for both bare silicon and SiO2 surfaces.”  Ex-1005, 737-39.  

Similarly, Bower describes applying its disclosed activating and bonding process 

to “silicon wafer[s],” “silicon,” “silicon dioxide, and the like.”  Ex-1007, 3:10-20, 

4:45-5:65, 6:64-7:6. 
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Li discloses low temperature direct wafer bonding’s requirement of 

“smooth, flat samples.”  Ex-1005, 737.  Bower reiterates this point, explaining that, 

for “successful[] bonding,” the “[m]aterial preparation” for its “low temperature 

nitrogen bonding” process “require[s]” both “[s]urface flatness” and a “surface 

microroughness [of] less than 10 Å.”  Ex-1007, 6:64-7:6.  Bower further discloses 

applying its disclosed activating and bonding process to “planarized surfaces.”  Id., 

3:10-20.  As a result, a POSITA would have been motivated to combine Li and 

Bower as Bower provides further information regarding an issue specifically 

identified by Li.  Ex-1003, ¶144. 

Li further discloses the applicability of its process to the “[d]irect bonding of 

silicon and other materials commonly used in semiconductor structures.”  Ex-1005, 

737-39.  Bower describes examples of its process being used for the “[d]irect 

bonding” of “silicon and other materials commonly used in semiconductor 

structures,” such as “planarized surfaces of ‘completed’ integrated circuit chips and 

wafers,” “silicon integrated circuits,” “silicon wafer[s],” “silicon,” “silicon dioxide, 

and the like.”  Ex-1007, 3:10-20, 4:45-5:65, 6:64-7:6.  As a result, a POSITA 

would have been further motivated to combine Li and Bower as Bower provides 

even further information regarding another issue specifically identified by Li.  Ex-

1003, ¶145. 
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2. Claim 1 

a. Preamble ([1pre]): “A bonding method, comprising:” 

 See supra, Ground 1, Element [1pre].  Section VIII.A.2.a. 

b. [1a]: “forming a planarized insulating material on a 
semiconductor wafer;” 

See supra, Ground 1, Element [1a].  Section VIII.A.2.b. 

To the extent Li does not disclose or render obvious this element, it would 

have been obvious in view of Bower.  A POSITA would have been motivated to 

combine Li, Reiche, and Bower for the reasons discussed above.  Section VIII.B.1.  

In particular, a POSITA would have been motivated to apply Bower’s teachings of 

applying its disclosed activating and bonding process to “planarized surfaces of 

‘completed’ integrated circuit chips and wafers,” “silicon integrated circuits,” 

“silicon wafer[s],” “silicon,” “silicon dioxide, and the like” to Li’s bonding 

process.  Ex-1003, ¶148. 

Bower discloses forming an insulating material on a semiconductor wafer.  

It discloses applying its disclosed activating and bonding process to “silicon 

wafer[s],” “silicon,” “silicon dioxide, and the like.”  Ex-1007, 3:10-20, 4:45-5:65, 

6:64-7:6.  Silicon oxides, including silicon dioxide, were well-known insulating 

materials and, therefore, a POSITA would have understood that Bower’s silicon 

dioxide bonding surfaces comprise an insulating material.  Ex-1003, ¶149.  Indeed, 

the ’143 Patent discloses the claimed “insulating material” as comprising silicon 
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oxide and silicon dioxide.  Ex-1001, 2:66-3:4, 5:19-29, Claims 16, 26.  Bower 

further discloses applying its process to “silicon wafer[s],” and explains that its 

“invention pertains generally to semiconductor direct bonding techniques” and 

“provide[s] for direct bonding of semiconductor chips.”  Ex-1007, 1:14-17, 3:10-

20, 3:54-55, 4:45-5:65, 6:64-7:6.  Thus, a POSITA would have understood that 

Bower’s silicon dioxide bonding surfaces were formed on semiconductor wafers.  

Ex-1003, ¶149.  Thus, Bower discloses forming an insulating material on a 

semiconductor wafer. 

Bower also renders obvious forming a planarized insulating material on a 

semiconductor wafer.  It teaches that its process “can be applied to planarized 

surfaces of ‘completed’ integrated circuit chips and wafers.”  Ex-1007, 3:10-20.  

Thus, a POSITA would have understood that Bower’s disclosed silicon dioxide 

bonding surfaces were planarized.  Ex-1003, ¶150.  To the extent planarized silicon 

dioxide bonding surfaces are not expressly disclosed in Bower, a POSITA would 

have found it obvious to planarize Bower’s disclosed silicon dioxide bonding 

surfaces based on its teaching of being “applied to planarized surfaces of 

‘completed’ integrated circuit chips and wafers” (Ex-1007, 3:10-20), a POSITA 

would have understood that silicon dioxide bonding surfaces were common on 

“‘completed’ integrated circuit chips and wafers,” and the planarization of silicon 

dioxide on “‘completed’ integrated circuit chips and wafers” was well-known in 
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the art.  Ex-1003, ¶150.  Thus, Bower renders obvious forming a planarized 

insulating material on a semiconductor wafer. 

Accordingly, Li and Bower render obvious Element [1a].  Id., ¶¶147-151. 

c. [1b]: “etching the planarized insulating material in a 
reaction space;” 

See supra, Ground 1, Element [1b].  Section VIII.A.2.c. 

d. [1c]: “terminating the planarized insulating material with 
a nitrogen-containing species by at least one of: a 
nitrogen-containing plasma during the etching, and a 
nitrogen-containing solution after the etching;” 

See supra, Ground 1, Element [1c].  Section VIII.A.2.d. 

e. [1d]: “bringing a first material into direct contact with the 
terminated and planarized insulating material outside the 
reaction space; and” 

See supra, Ground 1, Element [1d].  Section VIII.A.2.e. 

f. [1e]: “forming a chemical bond between the terminated 
and planarized insulating material and the first material.” 

See supra, Ground 1, Element [1e].  Section VIII.A.2.f. 

Accordingly, Li, Reiche, and Bower render obvious Claim 1.  Ex-1003, 

¶¶146-156. 

3. Claim 3: “wherein the etching the planarized insulating 
material is conducted in a plasma chamber, the reaction 
space comprising the plasma chamber” 

See supra, Ground 1, Claim 3.  Section VIII.A.3. 

4. Claim 4: “wherein the etching and the terminating 
comprise exposing the planarized insulating material to the 



Petition for Inter Partes Review 
Patent No. 9,391,143 

46 

plasma etching process in a plasma chamber, the reaction 
space comprising the plasma chamber” 

See supra, Ground 1, Claim 4.  Section VIII.A.4. 

5. Claim 6: “wherein the exposing the planarized insulating 
material to the plasma etching process in the plasma 
chamber comprises using nitrogen gas” 

See supra, Ground 1, Claim 6.  Section VIII.A.5. 

6. Claim 14: “wherein the bringing into direct contact is 
performed at room temperature” 

See supra, Ground 1, Claim 14.  Section VIII.A.6. 

7. Claim 15: “wherein the bringing into direct contact is 
conducted in air” 

See supra, Ground 1, Claim 15.  Section VIII.A.7.   

8. Claim 20: “wherein the planarized insulating material has a 
surface roughness between about 0.5 and 1.5 nm after the 
etching and before the bringing into direct contact” 

This element would have been obvious over Li and Reiche in view of 

Bower.  A POSITA would have been motivated to combine Li, Reiche, and Bower 

for the reasons discussed above.  Section VIII.B.1.  In particular, a POSITA would 

have been motivated to apply Bower’s teaching that, for “successful[] bonding,” 

the “[m]aterial preparation” for its “low temperature nitrogen bonding” process 

“require[s]” both “[s]urface flatness” and a “surface microroughness [of] less than 

10 Å” to Li’s bonding process.  Ex-1003, ¶162. 
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As explained above, Li and Reiche render obvious preparing an oxide 

surface for bonding through an “ammonia” “reactive ion etching … plasma[]” 

“activation process” (Ex-1005, 737-39; Ex-1006, 437-38).  See supra, Ground 1, 

Element [1b]; Section VIII.A.2.c.  Bower also discloses preparing an oxide surface 

for bonding “through [an] ammonia plasma activation” treatment.  Ex-1007, 

Abstract, 2:12-25, 3:10-20, 4:45-5:65, 6:64-7:6.  Although Bower does not disclose 

that its “ammonia” “plasma activation treatment” etches the bonding surface, 

Bower and Li disclose identical bonding surfaces and an identical nitrogen-based 

bonding process.  Ex-1003, ¶163.  Bower further explains that, for “successful[] 

bonding,” the surface “preparation” for its “low temperature nitrogen bonding” 

process “require[s]” a “surface microroughness [of] less than 10 Å.”  Ex-1007, 

6:64-7:6.  A POSITA would have understood that Bower’s surface “preparation” 

“require[ment]” of a “surface microroughness [of] less than 10 Å” was applicable 

to all surface preparation treatments for “low temperature nitrogen bonding,” 

including an “ammonia” “reactive ion etching … plasma[]” “activation process.”  

Ex-1003, ¶163.  Thus, to the extent the effect of ammonia plasma etching on 

surface roughness is not expressly disclosed in Li and Reiche, a POSITA would 

have found it obvious to configure the ammonia plasma treatment so that it etched 

the bonding surface to a “surface microroughness [of] less than 10 Å [1.0 nm].”  

Id.   
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Notably, the ’143 Patent does not identify any critical value for surface 

roughness within the range of 0.5 to 1.5 nm, and states that “surface roughness 

may be in a range of 0.1 to 3.0 nm.”  Ex-1001, 2:50-59.  Thus, the disclosure of 

Bower is consistent with the disclosure of the ’143 Patent. 

Thus, Li, Reiche, and Bower render obvious the bonding surface having a 

surface roughness between about 0.5 and 1.5 nm after the etching and before the 

bringing into direct contact. 

For these reasons, and for those stated above for Claim 1, Li, Reiche, and 

Bower render obvious Claim 20.  Ex-1003, ¶¶162-166; see supra, Claim 1. 

9. Claim 21 

a. Preamble ([21pre]): “A bonded structure comprising:” 

See supra, Ground 1, Element [21pre].  Section VIII.A.8.a. 

b. [21a]: “a first semiconductor material comprising a 
planarized insulating material having a first bonding 
surface; and” 

See supra, Ground 2, Element [1a].  Section VIII.B.2.b. 

To the extent Li does not disclose or render obvious this element, it would 

have been obvious in view of Bower.  As explained above, Bower discloses that its 

process “can be applied to planarized surfaces of ‘completed’ integrated circuit 

chips and wafers,” “silicon integrated circuits,” “silicon wafer[s],” “silicon,” 

“silicon dioxide, and the like” (Ex-1007, 3:10-20, 4:45-5:65, 6:64-7:6) and thus 
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renders obvious forming a planarized insulating material on a semiconductor 

wafer.  See supra, Ground 2, Element [1a]; Section VIII.B.2.b.  For these reasons, 

and for those stated above for Element [1a], Li and Bower render obvious a first 

semiconductor material comprising a planarized insulating material having a first 

bonding surface.  Ex-1003, ¶¶168-169; see supra, Ground 2, Element [1a]. 

c. [21b]: “a second material having a second bonding 
surface,” 

See supra, Ground 1, Element [21b].  Section VIII.A.8.c. 

d. [21c]: “wherein the first bonding surface is an etched 
surface terminated with a nitrogen-containing species, 
and”  

See supra, Ground 1, Element [21c].  Section VIII.A.8.d. 

e. [21d]: “wherein the first and second bonding surfaces are 
in direct contact with each other and bonded together 
with a chemical bond without any intervening adhesive.” 

See supra, Ground 1, Element [21d].  Section VIII.A.8.e. 

Accordingly, Li, Reiche, and Bower render obvious Claim 21.  Ex-1003, 

¶¶167-172. 

10. Claim 22: “further comprising at least one integrated 
circuit in the first semiconductor material” 

See supra, Ground 2, Element [21a].  Section VIII.B.9.b. 

To the extent Li does not disclose or render obvious this element, it would 

have been obvious in view of Bower.  A POSITA would have been motivated to 
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combine Li, Reiche, and Bower for the reasons discussed above.  Section VIII.B.1.  

In particular, a POSITA would have been motivated to apply Bower’s teachings of 

applying its disclosed activating and bonding process to “planarized surfaces of 

‘completed’ integrated circuit chips and wafers,” “silicon integrated circuits,” 

“silicon wafer[s],” “silicon,” “silicon dioxide, and the like” to Li’s bonding 

process.  Ex-1003, ¶174. 

Bower discloses forming an insulating material on a semiconductor material.  

It discloses applying its disclosed activating and bonding process to “silicon 

wafer[s],” “silicon,” “silicon dioxide, and the like.”  Ex-1007, 3:10-20, 4:45-5:65, 

6:64-7:6.  Silicon oxides, including silicon dioxide, were well-known insulating 

materials and, therefore, a POSITA would have understood that Bower’s silicon 

dioxide bonding surfaces comprise an insulating material.  Ex-1003, ¶175.  Indeed, 

the ’143 Patent discloses the claimed “insulating material” as comprising silicon 

oxide and silicon dioxide.  Ex-1001, 2:66-3:4, 5:19-29, Claims 16, 26.  Bower 

further discloses applying its process to “silicon wafer[s],” and explains that its 

“invention pertains generally to semiconductor direct bonding techniques” and 

“provide[s] for direct bonding of semiconductor chips.”  Ex-1007, 1:14-17, 3:10-

20, 3:54-55, 4:45-5:65, 6:64-7:6.  Thus, a POSITA would have understood that 

Bower’s silicon dioxide bonding surfaces were formed on a semiconductor 
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material.  Ex-1003, ¶175.  Thus, Bower discloses forming an insulating material on 

a semiconductor material. 

Bower also discloses a semiconductor material comprising at least one 

integrated circuit in the semiconductor material.  It teaches that its process “can be 

applied to planarized surfaces of ‘completed’ integrated circuit chips and wafers.”  

Ex-1007, 3:10-20.  A POSITA would have understood “‘completed’ integrated 

circuit chips and wafers” to comprise a semiconductor material comprising at least 

one integrated circuit in the semiconductor material.  Ex-1003, ¶176.  Thus, Bower 

discloses a semiconductor material comprising at least one integrated circuit in the 

semiconductor material. 

Bower renders obvious forming a planarized insulating material on a 

semiconductor material comprising at least one integrated circuit.  It teaches that 

its process “can be applied to planarized surfaces of ‘completed’ integrated circuit 

chips and wafers.”  Ex-1007, 3:10-20.  Thus, a POSITA would have understood 

that the silicon dioxide bonding surfaces of the “‘completed’ integrated circuit 

chips and wafers” were planarized.  Ex-1003, ¶177.  To the extent planarized 

silicon dioxide bonding surfaces of “integrated circuit chips and wafers” are not 

expressly disclosed in Bower, a POSITA would have found it obvious to planarize 

Bower’s disclosed silicon dioxide bonding surfaces of “integrated circuit chips and 

wafers” as silicon dioxide bonding surfaces were common on “integrated circuit 
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chips and wafers,” Bower teaches its process being “applied to planarized surfaces 

of ‘completed’ integrated circuit chips and wafers” (Ex-1007, 3:10-20), and the 

planarization of silicon dioxide bonding surfaces on “‘completed’ integrated circuit 

chips and wafers” was well-known in the art.  Ex-1003, ¶177.  Thus, Bower 

renders obvious forming a planarized insulating material on a semiconductor 

wafer.  Accordingly, Bower renders obvious a first semiconductor material 

comprising a planarized insulating material having a first bonding surface and 

comprising at least one integrated circuit in the semiconductor material. 

For these reasons, and for those stated above for Claim 21, Li, Reiche, and 

Bower render obvious Claim 22.  Ex-1003, ¶¶173-178; see supra, Claim 21. 

11. Claim 24: “wherein the chemical bond has a strength of at 
least 500 mJ/m2” 

See supra, Ground 1, Claim 24.  Section VIII.A.10. 

12. Claim 29: “wherein the first bonding surface is terminated 
with a nitrogen-containing species by at least one of a 
nitrogen-containing plasma during etching and a nitrogen-
containing solution after etching” 

See supra, Ground 1, Claim 29.  Section VIII.A.11. 

13. Claim 30: “wherein the chemical bond is a covalent bond” 

See supra, Ground 1, Claim 30.  Section VIII.A.12. 

14. Claim 31 

a. Preamble ([31pre]): “A bonding method, comprising:” 

See supra, Ground 1, Element [31pre].  Section VIII.A.13.a. 
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b. [31a]: “forming a planarized insulating material on a 
semiconductor wafer;” 

See supra, Ground 1, Element [31a].  Section VIII.A.13.b. 

To the extent Li does not disclose or render obvious this element, it would 

have been obvious in view of Bower.  A POSITA would have been motivated to 

combine Li, Reiche, and Bower for the reasons discussed above.  Section VIII.B.1.  

In particular, a POSITA would have been motivated to apply Bower’s teachings of 

applying its disclosed activating and bonding process to “planarized surfaces of 

‘completed’ integrated circuit chips and wafers,” “silicon integrated circuits,” 

“silicon wafer[s],” “silicon,” “silicon dioxide, and the like” to Li’s bonding 

process.  Ex-1003, ¶184. 

Bower discloses forming an insulating material on a semiconductor wafer.  

It discloses applying its disclosed activating and bonding process to “silicon 

wafer[s],” “silicon,” “silicon dioxide, and the like.”  Ex-1007, 3:10-20, 4:45-5:65, 

6:64-7:6.  Silicon oxides, including silicon dioxide, were well-known insulating 

materials and, therefore, a POSITA would have understood that Bower’s silicon 

dioxide bonding surfaces comprise an insulating material.  Ex-1003, ¶185.  Indeed, 

the ’143 Patent discloses the claimed “insulating material” as comprising silicon 

oxide and silicon dioxide.  Ex-1001, 2:66-3:4, 5:19-29, Claims 16, 26.  Bower 

further discloses applying its process to “silicon wafer[s],” and explains that its 

“invention pertains generally to semiconductor direct bonding techniques” and 
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“provide[s] for direct bonding of semiconductor chips.”  Ex-1007, 1:14-17, 3:10-

20, 3:54-55, 4:45-5:65, 6:64-7:6.  Thus, a POSITA would have understood that 

Bower’s silicon dioxide bonding surfaces were formed on semiconductor wafers.  

Ex-1003, ¶185.  Thus, Bower discloses forming an insulating material on a 

semiconductor wafer. 

Bower also renders obvious forming a planarized insulating material on a 

semiconductor wafer.  It teaches that its process “can be applied to planarized 

surfaces of ‘completed’ integrated circuit chips and wafers.”  Ex-1007, 3:10-20.  

Thus, a POSITA would have understood that Bower’s disclosed silicon dioxide 

bonding surfaces were planarized.  Ex-1003, ¶186.  To the extent planarized silicon 

dioxide bonding surfaces are not expressly disclosed in Bower, a POSITA would 

have found it obvious to planarize Bower’s disclosed silicon dioxide bonding 

surfaces based on its teaching of being “applied to planarized surfaces of 

‘completed’ integrated circuit chips and wafers” (Ex-1007, 3:10-20), a POSITA 

would have understood that silicon dioxide bonding surfaces were common on 

“‘completed’ integrated circuit chips and wafers,” and the planarization of silicon 

dioxide on “‘completed’ integrated circuit chips and wafers” was well-known in 

the art.  Ex-1003, ¶186.  Thus, Bower renders obvious forming a planarized 

insulating material on a semiconductor wafer. 

Accordingly, Li and Bower render obvious Element [31a].  Id., ¶¶183-187. 
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c. [31b]: “etching the planarized insulating material;” 

See supra, Ground 1, Element [31b].  Section VIII.A.13.c. 

d. [31c]: “terminating the planarized insulating material 
with a nitrogen-containing species by at least one of: a 
nitrogen-containing plasma during the etching, and a 
nitrogen-containing solution after the etching;”  

See supra, Ground 1, Element [31c].  Section VIII.A.13.d. 

e. [31d]: “bringing a first material into direct contact with 
the terminated and planarized insulating material; and” 

See supra, Ground 1, Element [31d].  Section VIII.A.13.e. 

f. [31e]: “forming a chemical bond between the terminated 
and planarized insulating material and the first material.” 

See supra, Ground 1, Element [31e].  Section VIII.A.13.f. 

Accordingly, Li, Reiche, and Bower render obvious Claim 31.  Ex-1003, 

¶¶182-192. 

15. Claim 32 

a. Preamble ([32pre]): “A bonding method, comprising:” 

See supra, Ground 1, Element [32pre].  Section VIII.A.14.a. 

b. [32a]: “forming a planarized insulating material on a 
processed semiconductor wafer;” 

See supra, Ground 2, Element [1a].  Section VIII.B.2.b. 

To the extent Li does not disclose or render obvious this element, it would 

have been obvious in view of Bower.  As explained above, Bower discloses 

applying its disclosed activating and bonding process to “planarized surfaces of 
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‘completed’ integrated circuit chips and wafers,” “silicon integrated circuits,” 

“wafers which include conventional A1 metalization,” “silicon wafer[s],” 

“silicon,” “silicon dioxide, and the like” (Ex-1007, 3:10-20, 4:45-5:65, 6:64-7:6) 

and thus renders obvious a planarized insulating material on a semiconductor 

wafer.  See supra, Element [1a]; Section VIII.B.2.b.  A POSITA would have 

understood “planarized surfaces of ‘completed’ integrated circuit chips and 

wafers,” “silicon integrated circuits,” and “wafers which include conventional A1 

metalization” to comprise a processed semiconductor wafer.  Ex-1003, ¶195.  

Thus, Bower renders obvious forming a planarized insulating material on a 

processed semiconductor wafer. 

Accordingly, Li and Bower render obvious Element [32a].  Id., ¶¶194-196. 

c. [32b]: “exposing the planarized insulating material to a 
plasma process in a plasma chamber using a nitrogen-
containing gas;” 

See supra, Ground 1, Element [32b].  Section VIII.A.14.c. 

d. [32c]: “terminating the planarized insulating material 
with a species;” 

See supra, Ground 1, Element [32c].  Section VIII.A.14.d. 

e. [32d]: “bringing into direct contact the terminated and 
planarized insulating material and a first material outside 
of said plasma chamber; and” 

See supra, Ground 1, Element [32d].  Section VIII.A.14.e.   
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f. [32e]: “forming a chemical bond between the terminated 
and planarized insulating material and the first material.” 

See supra, Ground 1, Element [32e].  Section VIII.A.14.f. 

Accordingly, Li, Reiche, and Bower render obvious Claim 32.  Ex-1003, 

¶¶193-201. 

16. Claim 33: “wherein the species comprises nitrogen” 

See supra, Ground 1, Claim 33.  Section VIII.A.15. 

IX. CONCLUSION 

Petitioner requests institution of IPR for Claims 1, 3-4, 6, 14-15, 20-22, 24, 

and 29-33 of the ’143 Patent based on the grounds specified in this Petition. 

 

Dated: October 2, 2018 By:  /Marc Pensabene/  
Marc Pensabene (Reg. No. 37,416) 
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