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As the right-hand image above indicates, tungsten replaced aluminum as the 

contact plug material–while aluminum (or an alloy of aluminum, containing a 

small amount of copper) remained in use for the interconnect wiring layer (such as 

the aforementioned “front metal layer”). 

 

543. Thus, by the 1990s (see Ex. 1008, Stanley Wolf, Silicon Processing 

for the VLSI Era, Vol. 2, 281 (1990)), the use of the system of a tungsten plug and 

aluminum interconnect wiring was the most-commonly used system in the 

integrated circuit industry–and would have been both widely available and more 

common that the older all-aluminum system. 
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Note that Ti/TiN and TiN are used as barrier metal layers as well in this system. 

544. Further, this understanding is supported by the Patent Owner’s 

admitted prior art, as illustrated in Fig. 1 (Prior Art) of the ’634 Patent, which 

depicts the use of a barrier metal layer and contact plugs. As discussed above, 

these structures are consistent with the widely used material combination of Ti/TiN 

for the barrier metal layer and tungsten for the contact metal plugs. A POSITA 

would have been motivated to use these materials to form the structures shown in 

the admitted prior art, as they were standard in the field and known to provide 

reliable electrical performance, diffusion resistance, and process compatibility. 

545. Therefore, a POSITA would have been further motivated–not only by 

the higher (and perhaps only) availability of the tungsten-aluminum system, but 

also to move in that direction due to the known shortcomings of the all-aluminum 

system. 
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546. Limitation [4a] is explicitly disclosed by Uno (’864)–for the reasons 

cited above. As stated in Uno’s disclosure, with respect to the barrier metal layer, 

“In addition to Ti, TiN (titanium nitride) may also be used.” (Ex. 1006, Uno (’864), 

13:9–10.) 

 

b. [4b]: “contact metal plug is [t]ungsten.”  

547. Limitation [4b] is disclosed by Uno (’864) and the knowledge of a 

POSITA–for the reasons cited above.  
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6. Claim 5: “The trenched MOSFET of claim 4, wherein the source 
contact trench is selected from one of a vertical shape and a 
tapered shape.” 

 
548. Claim 5 is a dependent claim–and depends from Claim 4, which 

depends from Claim 3, which depends from Claim 2, which depends from Claim 1; 

thus, to the extent necessary to meet the dependence requirement, it has already 

been shown above (in Section XI.B.2, Section XI.B.3, Section XI.B.4, and Section 

XI.B.5) that Claim 1, Claim 2, Claim 3, and Claim 4 of the ’634 Patent are either 

taught by Uno (’864) or rendered obvious by Uno (’864) in view of the knowledge 

of a POSITA. 
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549. Uno discloses that, following the formation of a silicon oxide film, 

element ’864-19 is etched in a patterned manner to form various shapes of “contact 

trenches (source contact) 21s.” Uno explicitly considers the shape of the contact 

trench to improve coverage. As shown in FIGs. 36–38 of Uno, the contact trench 

may have either a vertical profile or a tapered profile. (See Ex. 1006, 5:35-36; see 

also 15:2-5, 15:18-20, 15:29-30, 15:35-36; Figs. 9, 11, 12, 15, 16, 18, 20, 24, 36–

38, element 21s.)  

 

550. The remainder of Claim 5 is also rendered obvious by Uno (’864) in 

view of the knowledge of a POSITA–as both vertical-shaped trenches and tapered-

shaped trenches were both well-known in the art by the time of the ’634 Patent 

(2008). See the following illustrative examples of vertical and tapered shaped 

trenches. 
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7. Claim 6: “The trenched MOSFET of claim 1, wherein the silicon 
substrate, the epitaxial layer, and the source layer are P-type; the 
base layer and lateral contact layer are N-type; and each of the 
source contact trenches further has a N-type base contact layer at 
a bottom thereof, and the lateral contact layer has less doping 
concentration than the base contact layer at bottom.” 

 
551. Claim 6 is a dependent claim, and depends from Claim 1; thus, to the 

extent necessary to meet the dependence requirement, it has already been shown 

above (in Section XI.B.2) that Claim 1 of the ’634 Patent is rendered obvious by 

Uno (’864) in view of the knowledge of a POSITA. 
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552. The remainder of Claim 6 is also rendered obvious by Uno (’864) and 

the knowledge of a POSITA–and as will be detailed via the claim sub-elements 

below, Claim 6 in toto is identical in structure to Claim 2, except that it reverses 

the polarities (i.e., n and p) of the components as described in Claim 2. As noted 

above in the discussion of Claim 2, that claim is basically identifying a MOSFET 

structure that is an n-type (i.e. nMOS) MOSFET transistor; Claim 6 simply 

changes the dopant polarity to describe what is a p-type (i.e., pMOS) MOSFET 

transistor. 

553. To simplify the analysis, this claim will be split into claim elements. 

a. [6a]: “wherein the silicon substrate, the epitaxial layer, and the 
source layer are P-type; the base layer and lateral contact layer 
are N-type; and each of the source contact trenches further has 
a N-type base contact layer at a bottom thereof,” 

 
554. Claim 6 is identical to Claim 2–except that it reverses the polarities 

(n-to-p and vice-versa) of the determining dopant in each layer; this amounts to 

being a way of saying that while the teachings of Claim 2 describe what is well-

known in the art as being an nMOS transistor, the teachings of Claim 6 describe 

what is well-known in the art as being a pMOS transistor. 

555. Uno (’864) discloses this claim sub-element. 

556. Uno (’864) describes (among other things) the fabrication of an n-

channel trench-gated MOSFET–but also notes that it would be a simple matter to 
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reverse the polarity of the dopant atoms and create a p-channel trench-gated 

MOSFET using the same process techniques as described (by Uno (’864)) for the 

fabrication of an n-channel trench-gated MOSFET: 

While description has been made to an example of the n-channel type 
power MISFET, the leak [sic] current can be decreased also in a p-channel 
type power MISFET by properly selecting the material for the barrier film. 
FIG. 24 shows a cross sectional view for a main portion of a p-channel 
type power MISFET. In this case, while the conduction type of the 
impurity for each of the portions constituting the p-channel type power 
MISFET is different, it can be formed by the identical process for the n-
channel type power MISFET. (Ex. 1006, Uno (’864), 9:20-29.) 
 
 
 
 
 
 
 
 
 
 
 
 

<This space intentionally left blank.> 
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Notably, this p-channel architecture is structurally-identical to the n-channel 

architecture depicted in  Fig. 11: 

 

 

<This space intentionally left blank.> 
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557. By using the identical structure but making the “chemical” change of 

swapping the polarities of the dopant used in each region, a p-channel version of 

the n-channel transistor is easily created. 
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b. [6b]: “and the lateral contact layer has less doping concentration 
than the base contact layer at bottom.” 

 
558. Claim element [6b] is identical to claim element [2b]–which was 

already discussed earlier (in Section XI.B.3.b). For the reasons described there, this 

claim element is rendered obvious by Uno (’864) in view of the knowledge of a 

POSITA. 

8. Claim 7: “The trenched MOSFET of claim 6, wherein further 
comprises a barrier metal layer and a plurality of contact metal 
plugs.” 

 
559. Claim 7 is a dependent claim–and depends from Claim 6, which 

depends from Claim 1; thus, to the extent necessary to meet the dependence 

requirement, it has already been shown above (in Section XI.B.2 and Section 

XI.B.7) that Claim 1 and Claim 6 of the ’634 Patent are either taught by Uno 

(’864) or rendered obvious by Uno (’864) and the knowledge of a POSITA. 

560. The remainder of Claim 7 is also taught by Uno (’864). Claim 7 is 

identical to Claim 3, which was already discussed earlier (in Section XI.B.4); for 

the same reasons as those discussed there, Uno (’864) teaches Claim 7 of the ’634 

Patent. 
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9. Claim 8: “The trenched MOSFET of claim 7, wherein the barrier 
metal layer is Ti/TiN and the contact metal plug is [t]ungsten.” 

 
561. Claim 8 is a dependent claim–and depends from Claim 7, which 

depends from Claim 6, which depends from Claim 1; thus, to the extent necessary 

to meet the dependence requirement, it has already been shown above (in Section 

XI.B.2, Section XI.B.7, and Section XI.B.8) that Claim 1, Claim 6, and Claim 7 of 

the ’634 Patent are either taught by Uno (’864) or rendered obvious by Uno (’864) 

and the knowledge of a POSITA. 

562. The remainder of Claim 8 is also rendered obvious by Uno (’864) and 

the knowledge of a POSITA. Claim 8 is identical to Claim 4, which was already 

discussed earlier (in Section XI.B.5); for the same reasons as those discussed there, 

Uno (’864) and the knowledge of a POSITA render obvious Claim 8 of the ’634 

Patent. 

10.  Claim 9: “The trenched MOSFET of claim 8, wherein the source 
contact trench is selected from one of a vertical shape and a 
tapered shape.” 

 
563. Claim 9 is a dependent claim–and depends from Claim 8, which 

depends from Claim 7, which depends from Claim 6, which depends from Claim 1; 

thus, to the extent necessary to meet the dependence requirement, it has already 

been shown above (in Section XI.B.2, Section XI.B.7, Section XI.B.8, and Section 

XI.B.9) that Claim 1, Claim 6, Claim 7, and Claim 8 of the ’634 Patent are either 
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taught by Uno (’864) or rendered obvious by Uno (’864) and the knowledge of a 

POSITA. 

564. The remainder of Claim 9 is also taught by Uno (’864). Claim 9 is 

identical to Claim 5, which was already discussed earlier (in Section XI.B.6); for 

the same reasons as those discussed there, Claim 9 of the ’634 Patent is rendered 

obvious by Uno (’864) and the knowledge of a POSITA. 

C. Ground 3–Claims 1-9 are unpatentable under pre-AIA 35 U.S.C. § 
103(a) as being Obvious Over Hshieh (’384) In View of Uno (’864) 
(and vice versa).  

 
565. To the extent the Board may not fully agree with the obviousness 

analysis presented above with respect to the express teachings or application of the 

knowledge of a POSITA, it can also be shown—as set forth below—that Claims 

1–9 of the ’634 Patent are rendered obvious by Hshieh (’384) in view of Uno 

(’864), or alternatively by Uno (’864) in view of Hshieh (’384). 

566. As detailed above in Section XI.A and Section XI.B, the claim 

elements and claim sub-elements of the ’634 Patent are rendered obvious 

independently by either Hshieh (’384) or Uno (‘864)–as both simply just teach 

these claim elements and claim sub-elements. For Ground 3, I incorporate my 

analysis from Ground 1 by reference and further supplement it with the teachings 

of Uno (’864) from Ground 2, which provides additional disclosures overlapping 

with the obviousness of the claim limitations disclosed by Hshieh (’384) alone. 
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Together, Hshieh (’384) and Uno (’864) would have rendered the Challenged 

Claims obvious to a person of ordinary skill in the art (POSITA) at the time of the 

alleged invention.  

567. As noted throughout Section XI.A, the claim elements and sub-

elements are shown to be rendered obvious by Hshieh (’384), with appropriate 

referential support provided in each instance. To the extent that the PTAB looks 

for additional support, it would have been obvious to a POSITA to combine the 

teachings of Hshieh (’384) and Uno (’864)–and to thus independently arrive at the 

corresponding features of the ’634 Patent. As such, the only claim sub-element 

further addressed in this Ground 3 analysis is limitation [1d] – which is the only 

sub-element not explicitly shown in the figures, but is nonetheless fully supported 

by the disclosure of Hshieh (’384).  

1. A POSITA Would Have Had a Motivation to Combine and a 
Reasonable Expectation of Success 

 
568. It is my conclusion and opinion that, based on my education, training, 

and experience, a person of ordinary skill in the art (“POSITA”) would have been 

motivated, as of the Filing Date of the Challenged Patent, to combine the teachings 

of Hshieh (U.S. Patent No. 2006/0273384) and Uno (U.S. Patent No. 6,984,864) 

with his/her general knowledge and routine engineering practices. This motivation 

would have stemmed from the POSITA’s familiarity with established 
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semiconductor device structures—particularly trench-gated vertical-conduction-

path MOSFETs—and the routine engineering objective of improving device 

performance, reliability, and manufacturability through known design 

optimizations. 

569. The teachings of Hshieh and Uno are complementary, and their 

combination would have involved the predictable application of known elements to 

achieve well-understood functions. A POSITA would have recognized that the 

features disclosed in Uno could be readily implemented in the context of Hshieh’s 

architecture (or vice versa) without undue experimentation or inventive effort. The 

combination would have reflected the application of known principles to known 

problems, consistent with the design motivations and problem-solving approaches 

typical of a POSITA at the time. 

570. Moreover, both Hshieh and Uno rely on conventional and well-

understood techniques in silicon device fabrication, further reinforcing that a 

POSITA would have had a reasonable expectation of success in implementing the 

combination. The combination would have been viewed as yielding practical 

benefits—such as improved electrical characteristics or manufacturing 

efficiency—without departing from accepted design methodologies. These benefits 

would have provided additional motivation for a POSITA to pursue the 

combination in the ordinary course of semiconductor device development. 
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571. Importantly, my analysis is conducted from the perspective of a 

POSITA at the time of the alleged invention and is not based on any knowledge of 

the Challenged Patent or its claims. My conclusions are based solely on the 

teachings of the prior art and the state of the art as it existed at the relevant time, 

without reliance on hindsight. Accordingly, it is my conclusion and opinion that a 

POSITA would have been motivated to combine the teachings of Hshieh (’384) 

and Uno (’864), and would have had a reasonable expectation of success in doing 

so, thereby rendering the relevant claim elements obvious. 

2. [1d]: “a bottom metal layer formed on the lower surface of said 
semiconductor region;” 

 
572. This claim element (as limitation [1d]) is rendered obvious by Hshieh 

(’384) in combination with Uno (’864). 

573. As discussed in Section XI.A.2.e, it would have been apparent to a 

person of ordinary skill in the art (POSITA) that Hshieh (’384)’s structure requires 

a drain contact to establish electrical connection with the drain region–since 

otherwise, there is no drain terminal included in the transistor.  

574. Although Hshieh (’384) does not explicitly illustrate a drain contact, 

Uno (’864) explicitly depicts such a bottom metal layer as providing the drain 

electrode contact for his trenched-gate MOSFET structure: 
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575. Uno (’864) specifically identifies layer 35 as “a conductive film 35 

forming a drain electrode.” (Ex. 1006, Uno (’864), 6:20). Uno (’864) further 

explains that “[t]he stacked film 35 forms a lead electrode (drain electrode DE) for 

the drain (1a, 1b).” (Ex. 1006, Uno (’864), 7:25-26). A person of ordinary skill in 

the art (“POSITA”) would have been motivated to combine the teachings of 

Hshieh (’384) and Uno (’864) to implement a bottom metal layer functioning as a 

drain contact. (Note once again that “lead” above is not the metal lead (i.e., Pb) but 

rather is pronounced like “leed” and refers to the wiring contact to the drain 

electrode–using common industry parlance.) This modification would provide a 
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conventional and reliable means of forming an electrical connection to the drain 

region—as the simplest and most-straightforward way of adding a drain contact to 

a trenched-gate MOSFET. Accordingly, this element would have been obvious to a 

POSITA in view of the combined teachings of Hshieh (’384) and Uno (’864). 

XII. SECONDARY CONSIDERATIONS 

576. Based on my review of the ’634 Patent’s file history, I note that no 

secondary considerations of non-obviousness were identified in connection with 

the patent’s claims–nor am I otherwise aware of any evidence of commercial 

success, skepticism, failure of others, industry praise, unexpected results, or the 

like relating to the ’634 Patent. Instead, as discussed above, it is my opinion that 

the subject matter embraced by the Challenged Claims are rendered obvious by 

those references in combination with what was clearly known in and obvious in the 

prior art. If I later become aware of arguments of any secondary consideration, I 

may assess those arguments when they arise, in order to reach conclusions and 

form opinions regarding their correctness; I reserve the right to file supplemental 

declarations should such circumstances occur. 

XIII. CONCLUSION 

577. I am aware that this declaration will be filed as evidence in an IPR 

proceeding before the PTAB. I am aware that making willfully false statements in 

my declaration are punishable by fine or imprisonment, or both (under 18 U.S.C. § 
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1001), and thus such actions may compromise the validity of the IPR Petition. All 

statements herein made by me of my own knowledge are true, and all statements 

made on information and belief are believed to be true. 

578. I declare under penalty of perjury that the foregoing is true and 

correct. Executed this 15th day of August, 2025 in Fletcher, Vermont. 

 

 
 
 

______________________ 
 Daniel Foty, Ph.D. 
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