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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

GREENTHREAD, LLC

Plaintiff, Civil Action No.

vs.

MONOLITHIC POWER SYSTEMS, INC. JURY TRIAL DEMANDED

Defendant.

ORIGINAL COMPLAINT FOR PATENT INFRINGEMENT

Plaintiff Greenthread, LLC (“Greenthread” or “Plaintiff”) files this Original Complaint

against Monolithic Power Systems, Inc. (“MPS” or “Defendant”) and hereby alleges as follows:

THE NATURE OF THE ACTION

1. Greenthread owns a family of patents related to transistors and other components

of integrated semiconductor devices. Greenthread’ s patented inventions describe semiconductor

devices that employ graded dopants and well regions for creating electric fields for aiding and/or

limiting the movement of carriers to (or from) the semiconductor surface to (or from) the

semiconductor substrate. These inventions improve semiconductor devices by (1) creating faster,

more efficient, and more reliable mixed-signal circuits and sensor devices, power management

integrated circuits, junction field effect transistors, processors, logic devices, DRAM and NAND

flash, and image sensors and (2) allowing manufacturers to scale down the feature size of their

semiconductor products.

2. Defendant has infringed and continues to infringe six Greenthread patents: U.S.

Patent Nos. 8,421,195 (“the ‘195 Patent”), 9,190.502 (“the ‘502 Patent”), 10,510,842 (“the ‘842

Patent”), 10,734,481 (“the ‘481 Patent”), 11,121,222 (“the ‘222 Patent”), and 11,316,014 (“the
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‘014 Patent”), (collectively “the Greenthread Patents”), copies of which are attached hereto as

Exhibits 1 -6, respectively. Defendant has infringed and continues to infringe the Greenthread

Patents by: making, using, selling, offering for sale, and/or importing into the United States.

semiconductor devices with infringing graded dopant regions and/or electronic products

containing the same; and inducing others to do the same.

THE PARTIES

3. Greenthread is a limited liability company organized and existing under the laws of

Texas, having its principal place of business at 7424 Mason Dells Drive, Dallas, Texas 75230-

3244.

4. MPS is a corporation organized and existing under the laws of Delaware with its

headquarters at 5808 Lake Washington Blvd., Kirkland, Washington 98033.

5. ‘MPS Accused Products” are products accused of meeting the claim limitations of

a Greenthread Patent in this suit. MPS designs and manufactures semiconductor devices

containing transistors and other structures that infringe the Greenthread Patents in the United

States. The infringing structLlres within semiconductor devices have application in many types of

devices designed and manufactured by MPS, including switching converters and controllers.

multi-phase controllers. power management integrated circuits, USB switches, load switches,

MOFSET drivers, isolated gate drivers, digital isolators, isolated DC/DC converters, power

modules, battery chargers and monitors, fuel gauges, stepper motor drivers, brushless DC pre

drivers, brushless DC motor controllers, brushed DC drivers, fan drivers, backlight drivers, audio

drivers. analog-to-digital converters, angular position sensors, current sensors, and other products

containing transistors.

6. Exhibit 8, demonstrating how exemplary MPS Accused Products meet the claim
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limitations of Greenthread Patents, is incorporated herein by reference.

7. MPS sells MPS Accused Products directly and indirectly.1

Customers, Sales and Marketing

We sell our products through third-party distributors, value-added resellers and directly to original
equipment manufacturers (“OEMs”), original design manufacturers (“ODMs”), electronic manufacturing
service (“EMS”) providers and other end customers. Our third-party distributors are subject to distribution
agreements with us, which allow the distributors to sell our products to end customers and other resellers,
including OEMs, ODMs or EMS providers. Our value-added resellers may second source our products and
provide other services to customers. ODMs typically design and manufacture electronic products on behalf
of OEMs, and EMS providers typically provide manufacturing services for OEMs and other electronic
product suppliers.

8. For example, MPS allows customers to purchase MPS Accused Products directly

through its website.2

MPS, Form 10-K (Dec. 31, 2022),
https://rnedia.monolithicpo\er.com!mpscms docurnent/2/0/2022 rnps annual report.pdf? gl=
I * I eopt24* ga*MTU4NTU I NTQ3NY4xNJgzNjM4MjIx*_ga XNRPF6L9DD*MTY4NDE4NT
gzOS4zLjEuMTY4NDE4NIA4OS4yMi4wLIA.&ga=2. I 78535588.1 83754632.16841 85838-
1585555477.168363822 I

2 Product Overview of MPQ4425 M-AEC 1, https ://www.monol ithicpower.com/en/mpg4425 m
aecl.htrnl
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Add to Cart

9. Some of MPS’s direct sales, offers for sale, and importation into the United States

of MPS Accused Products are to “support product development” by MPS customers who may

make integrate MPS Accused Products into their designs, sometimes called “design wins.” and

make large additional purchases of MPS Accused Products.3

10. For example, MPS directly sells “Evaluation Kits” which are used to market MPS

Accused Products and win larger contracts/design wins, including indirect sales.4

3

Product Overview of EVKT.’MP265 1, https://www.rnonolithicpower.com/en/products/evkt
mp265 I .htrnl
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Overview Related Toots Design Resources Technical Forum QuaLity

Products [V Kits and [V Boards EVKT-MP2651

EVKT-MP2651

MP2651 Evaluation Kit Datashoet

Description

The EVKT-MP2651 juan evaluation kit designed for the MP26S1. It

4 demonstrates the capabilities of the MP2651, a buck-boost charger IC

U \ designed for battery packs with 1 ceft to 6 ceLls in series.

[___J
The device can accept a wide 4V to 22V input voltage V l range to charge
the battery It also supplies a wide 3V to 2W voLtage range at the IN pin in
source mode. This function is compliant with USB power delivery (PDI
specitications.

Product Evaluated

1°C-Controlled, USE PD 6A Buck-Boost Charger with
M P2651 GVT OTG/Source Mode for 1-Cell to 6-Cell Series Battery

Applications

11. MPS maintains sales offices in the United States to sell MPS Accused Products and

MPS assists its customers with the design of customer products to integrate MPS Accused Products

into MPS customer products, including in the United States.5

We have sales ollices in China, India. Japan. South Korea, Singapore, Taiwan, the United States and
throughout Europe. Our products typically require a highly technical sales and applications engineering
effort where we assist our customers in the design and use of our products in their application. We maintain
a staff of applications engineers who work directly with our customers’ engineers in the development of
their systems’ electronics containing our products.

12. For example, MPS makes sales of MPS Accused Products through offices in

Michigan, Washington, and California.6 On information and belief. MPS sales and marketing

MPS, Form 10-K (Dec. 31, 2022),
hups://rnedia.monolithicpover.com/mpscms document/2/0/2022 mps annual report.pdf?gl=
I * I eopt24* a*MTU4NTU I NTO3Nv4xNjgzNjM4Mjlx*_ga XNRPF6L9DD*MTY4N DE4NT
gzOS4zLiEuMTY4NDE4NjA4OS4yMi4wLIA.& ga=2. 178535588.183754632.1684185838-
1585555477.1683638221

6 MPS, Job Listings, https://www.monol ithicpower.com/en/about-mps/careers/iob-l istings.htrn 1
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personnel use MPS Accused Products in the United States, for example in demonstrations. This

use is important to achieving design wins.

About MPS Company Investor Relations Sustainability & ESO Careers - News & Press Releases

Siew By Region U.S.

Job Type Title Location

Finance t3i
Field Sales Engineer Michigan

Oesign Engineering (621
Field Sales EngIneer li.lPSnowl

Marketing l.
Poslhon Oaerniew

Job Functions:

Legal (SI Responsible (or driving all design-jr acri’:’y and WIOS within assigned customer accounts and geographies Resporsibie lo

Consistently roceening assigned revenue targets.lndrrect management of Manufacturers Representat:ves and chanret partners

ldistnit-utinn branches)
Applications Engineering 1321

Other 1311
Field Sales Engineer Washington

Human Resources 121
Field Sales Engineer IMPSnowt

Product Engineering iii
Posit-on Overview.

Job Functions.

test Engineering 41 Responsible for driving att design-in actisify and vsins osithhil assigned customer accounts and geographies Respnrsible for

consistently eocending assigned revenue targets.lndirect rcunagvment of Slanvioclurers Representatiues and channel pa-leers

lcir.trihutinc brarcheuL
Field Apptioetions Engineering (ill

North America ChanneL Manager San Jose, CA

North America Channel Manager

Overall knowledge of distribution and Rep sales processesAt Least 5 years experience working with semiconductor

distributorsMust have generat technical understanding of power semiconductors, customers, applications.l3eneral understanding

of OTAM regions, and organizationsPast history of success in driving a closed loop dstrtbution process includingIraining...

Field Sates Engineer Michigan

Field Sates Engineer IFSEI

Primary tunctions

Responsible for driving all design-in activity and wins within assigned customer accounts and geographies. Responsible for

consistently meettng or exceeding assIgned revenue targets.Work closely with MPS product division marketing and engineering

personnel to identify target applications/circuits t...
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13. MPS performs quality assurance in the United States, which on information and

belief involves use of MPS Accused Products in the United States.7 Quality control use in the

United States is important to MPS design wins.

Sr. Customer QuaLity Engineer

Sr. Customer auatity Engineer
Job Code. 1686
Location: San Jose, CA

Apply

This is an important customer-tacing. hands-on rote in an emerging Automotive Quality organization in a rapidly growing semiconductor IC company. The key
responsibilities are to work seamtessty with related Engineering. Production, Business groups and other 114 tunctions to ensure timely responses and efticient
closure ot customer Quality requests, such as trundling treld returns/8D/FA cases, and audit support. He/she wilt interface to many internal tuitclions, as weLl as
directly with customers, in responding to requests and managing customer quatity situations. As such, candidate shoutd hove a solid quality / engineering
background, along with good team competence and communication skills.

Major ResponsibiLities

• Manage customer quality requirements, iequires/qunstions or issues. as the tront-tine interface.

• Macage Quality issue diagnoses, root-cause anatysis with FA and other groups as hand-on contributor tor the assigned customer accounts.

• Project-manage Aulemotive customer-audits in both HO and our location in Chengdo as the customer-tacing contact for MPS and our sub-cons.

• Write FA and co-develop 80 reports as welt as manage customer-facing communicatiens.

SUBJECT MATTER JURISDICTION

14. This court has subject matter jurisdiction over the patent infringement claims

asserted in this case under 28 U.S.C. § 1331 and 1338(a).

PERSONAL JURISDICTION, VENUE, AND JOINDER

15. This Court has personal jurisdiction over Defendant MPS as a citizen/resident of

Delaware. On information and belief the Court further has personal jurisdiction over MPS,

because MPS has regularly conducted and continue to conduct business in the United States, in

the State of Delaware, and in this judicial district. On information and belief, MPS has committed

infringing activities in Delaware and in this judicial district by making, using, offering for sale,

and/or selling in the United States and/or importing into the United States, products and systems

that infringe upon the Greenthread Patents, or by placing such infringing products and systems

‘ MPS, Job Listings, https ://www.monolithicpower.com/en/about-mps/careers/job-listings.html
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into the stream of commerce with the awareness, knowledge, and intent that they would be used,

offered for sale, or sold by others in this judicial district and/or purchased by consumers in this

district.

16. Venue is proper as to MPS pursuant to 28 U.S.C. § 1391(b) and 1400(b) because

it is a citizen/resident of Delaware and has committed, and continues to commit, acts of

infringement in this District.

THE GREENTHREAD PATENTS

17. On April 16, 2013, the U.S. Patent and Trademark Office duly and legally issued

U.S. Patent No. 8,421,195 (“the ‘195 Patent”), entitled “Semiconductor Devices with Graded

Dopant Regions,” listing Dr. Mohan Rao as the inventor, from a patent application filed January

12, 2007. The ‘195 Patent claims priority from U.S. Patent Application No. 10/934,915,8 filed on

September 3, 2004. A true and correct copy of the ‘195 Patent is attached hereto as Exhibit I and

incorporated herein by reference.

18, On November 17, 2015, the U.S. Patent and Trademark Office duly and legally

issued U.S. Patent No. 9,190,502 (“the ‘502 Patent”), entitled “Semiconductor Devices with

Graded Dopant Regions,” listing Dr. Mohan Rao as the inventor, from a patent application filed

October 16, 2014. The ‘502 Patent claims priority from U.S. Patent Application No. 10/934,915,

filed on September 3, 2004. A true and correct copy of the ‘502 Patent is attached hereto as Exhibit

2 and incorporated herein by reference.

19. On December 17, 2019, the U.S. Patent and Trademark Office duly and legally

issued U.S. Patent No. 10,510,842 (“the ‘842 Patent”), entitled “Semiconductor Devices with

8 Pub. No. US 2006/0049464.

Pub. No. US 2006/0049464.
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Graded Dopant Regions,” listing Dr. Mohan Rao as the inventor, from a patent application filed

on May 9, 2017. The ‘842 Patent claims priority from U.S. Patent Application No. 10/934,915,10

filed on September 3, 2004. A true and correct copy of the ‘842 Patent is attached hereto as Exhibit

3 and incorporated herein by reference.

20. On August 4, 2020, the U.S. Patent and Trademark Office duly and legally issued

U.S. Patent No. 10,734,481 (‘the ‘481 Patent”), entitled “Semiconductor Devices with Graded

Dopant Regions,” listing Dr. Mohan Rao as the inventor, from a patent application filed on

December 17, 2019. The ‘481 Patent claims priority from U.S. Patent Application No.

10/934,915,’’ filed on September 3,2004. A true and correct copy of the ‘481 Patent is attached

hereto as Exhibit 4 and incorporated herein by reference.

21. On September 14, 2021, the U.S. Patent and Trademark Office duly and legally

issued U.S. Patent No. 11,121,222 (“the ‘222 Patent”), entitled “Semiconductor Devices with

Graded Dopant Regions,” listing Dr. Mohan Rao as the inventor, from a patent application filed

on July 27, 2020. The ‘222 Patent claims priority from U.S. Patent Application No. 10/934,91 5,12

filed on September 3, 2004. A true and correct copy of the ‘222 Patent is attached hereto as Exhibit

5 and incorporated herein by reference.

22. On April 26, 2022, the U.S. Patent and Trademark Office duly and legally issued

U.S. Patent No. 11,316,014 (the ‘014 Patent”). entitled ‘Semiconductor Devices with Graded

Dopant Regions,” listing Dr. Mohan Rao as the inventor, from a patent application filed on July 9,

2021. The ‘014 Patent claims priority from U.S. Patent Application No. 10/934,915,’ filed on

‘o Pub. No. US 2006/0049464.

“ Pub. No. US 2006/0049464.
12 Pub. No. US 2006/0049464.
‘ Pub. No. US 2006/0049464.
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September 3, 2004. A true and correct copy of the ‘014 Patent is attached hereto as Exhibit 6 and

incorporated herein by reference.

23. The ‘195, ‘502, ‘842, ‘481, 222, and ‘014 Patents are collectively referred to as

the “Greenthread Patents.”

24. Greenthread exclusively owns all rights, title, and interest in the Greenthread

Patents necessary to bring this action, including the right to recover past and future damages.

Certain of the Greenthread Patents were previously owned by Dr. G.R. Mohan Rao (“Dr. Rao”).

On April 27, 2015, Dr. Rao assigned to Greenthread the then-issued Greenthread Patents and all

related “continuations, continuations-in-part and extensions of said Applications and Patents and

any pending applications or issued patents that directly claim or are amended to claim priority to

any of the Applications or Patents.” Dr. Raos assignment was recorded with the U.S. Patent and

Trademark Office on May 13, 2015, and again on July 22, 2021, and is attached hereto as Exhibit

7. Greenthread has therefore owned all rights to the Greenthread Patents necessary to bring this

action throughout the period of MPS’s infringement and still owns those rights to the Greenthread

Patents.

25. MPS is not currently licensed to practice the Greenthread Patents.

26. The Greenthread Patents are valid and enforceable.

FACTUAL BACKGROUND

27. Dr. G.R. Mohan Rao (“Dr. Rao”), the sole inventor of the Greenthread Patents, has

been an innovator in the semiconductor industry since the 1 960s. He is a named inventor on more

than 100 Patents worldwide and authored numerous technical publications over the last 50 years.

28. In September 1968, Dr. Rao received a Ph.D. in physics with a specialization in

electronics from Andhra University in Waltair, India. He then traveled to the United States to

attend a graduate program in physics at the University of Cincinnati.

10
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29. After learning of an opportunity to work with Professor William Carr of Southern

Methodist University (‘SMU”), Dr. Rao transferred to SMU where he earned a Ph.D in Electrical

Engineering. While there, he worked in the SMU laboratory with Jack Kilby of Texas Instruments

(a pioneering electrical engineer who would later receive a Nobel Prize for his work), on metal-

oxide-silicon transistors (“MOS devices”), which are used for switching and amplifying electronic

signals in electronic devices. MOS devices form the basis of modern electronics and are the most

widely used semiconductor devices in the world. The U.S. Patent and Trademark Office has called

this device a “groundbreaking invention that transformed life and culture around the world.”4 Dr.

Rao built these devices from scratch while a graduate student at SMU.

30. Through his mentor, Jack Kilby, Dr. Rao interviewed with—and was ultimately

hired by—Texas Instruments to continue his work on MOS devices in 1972. Dr. Rao worked at

Texas Instruments for the next twenty-two years, rising from an engineer to a Senior Fellow. At

that time, Texas Instruments had only 12 Senior Fellows out of approximately 20,000 engineers.

Eventually, Dr. Rao moved into a management position at Texas Instruments, ultimately becoming

a Senior Vice President in 1985.

31. At Texas Instruments, Dr. Rao received his first patent while working in a process

and product engineering capacity to solve a production problem with Texas Instruments 4-kilobit

RAM product. That patent was merely the beginning of Dr. Rao’s long inventive career. Indeed,

from the late 1970s through the mid-1980s, Dr. Rao worked on or managed projects relating to

Texas Instruments’ 64kb RAM, 256Kb RAM, 1Mb RAM, 4 Mb RAM, EEPROM, SRAM, and

microcontrollers. For that work, Dr. Rao received numerous additional U.S. Patents.

14 Remarks by Director Jancu at the 2019 International Intellectual Property Conference (June
10, 2019). https://www.uspto.gov/about-us/news-updates/remarks-director-iancu-2019-
international-intellectual-property-conference
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32. The USPTO was not the only organization to recognize Dr. Rao’s achievements.

Some of Dr. Raos work at Texas Instruments was so remarkable that it has been credited in

multiple exhibits in the National Museum of American History at the Smithsonian Institution.’

For example, the Smithsonian has displayed Texas instruments’ experimental 1-megabit CMOS

DRAM, produced in April 1985 under Dr. Rao’s leadership, and credited Dr. Rao for the

achievement.’6

33. In 1994, Dr. Rao left Texas Instruments for Cirrus Logic. During his two-year

tenure at Cirrus Logic, he received more U.S. Patents relating to his work on integrated graphics

15 Texas Instruments Collection Summary Comments Provided by Texas Instruments Staff,

http://sinitlisonianchIps.sI.edu/texas/vvafer.htm

6 Texas Instruments Collection Wafer Display, TI number: G00200 (1985),

http://smithsonianchips.si.edu/texas/t360.htni
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controllers and memory.

34. In 1996, Dr. Rao started a company called Silicon Aquarius. Through a relationship

between Silicon Aquarius and Matsushita, Dr. Rao led a design team in working on a 256Mb

DRAM chip. After Silicon Aquarius ceased operations, Dr. Rao did consulting work for a number

of different consulting companies and devoted much of his free time to thinking about various

challenges and problems with which the semiconductor industry had struggled for years.

35. In 2003, Dr. Rao and Philip John founded Greenthread to continue Dr. Rao’s

pioneering work. A focal point of Dr. Rao’s research was poor refresh time and the related

problem of how to deal with and control the movement of both wanted and unwanted carriers in

semiconductor devices, including memory and logic devices. Dr. Rao realized that graded dopants

could be used to create a “drift layer” and other structures to facilitate the movement—in an

upward or downward direction, as appropriate—of carriers from the semiconductor surfaces down

into the substrate and vice versa. It was Dr. Rao’s work on this problem that culminated in the

Greenthread Patents.

MPS’S INFRINGEMENT

36. MPS has directly and indirectly infringed, and continues to infringe, one or more

claims of each of the Greenthread Patents through making, using, offering to sell, selling within

the United States, and/or importing into the United States semiconductor products that practice the

claimed inventions (i.e., the MPS Accused Products).

37. Further, in concert with its authorized distributors and customers, MPS causes or

induces infringing accused products to be made, used, offered to be sold. sold within the United

States, and/or imported into the United States.

13
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38. Specifically, MPS has designed and/or incorporated into other products

semiconductor devices for use in analog, digital, and mixed-signal integrated circuits. The MPS

Accused Products include switching converters and controllers, multi-phase controllers, power

management integrated circuits, USB switches, load switches, MOFSET drivers, isolated gate

drivers, digital isolators. isolated DC/DC converters, power modules, battery chargers and

monitors, fuel gauges, stepper motor drivers, brushless DC pre-drivers, brushless DC motor

controllers, brushed DC drivers, fan drivers, backlight drivers, audio drivers, analog-to-digital

converters, angular position sensors, current sensors, and other products containing transistors, and

are further identified in Exhibit 8.

39. MPS had knowledge of Greenthread Patents at least through the USPTO’s citation

of U.S. Patent Pub. 2007/0158790 (U.S. Patent Application No.11/622,496 issued as U.S. Patent

No. 8,421,195) during prosecution of MPS’s U.S. Patent No. 8,598,637, titled “High voltage

junction field effect transistor with spiral field plate.” Accordingly MPS has had knowledge of

the Greenthread Patents since before 2013, the date of the MPS patent.

40. MPS has knowledge of the Greenthread Patents at least as of the filing of this

complaint.

41. MPS’s infringement is willful.

42. As shown in Exhibit 8, the exemplary MPS MP86905 monolithic half-bridge meets

each and every element of at least one claim of the Greenthread Patents.

43. The infringing structures within semiconductor devices identified in Exhibit 8 have

application, not only in the product identified in Exhibit 8, but in many types of devices designed

and manufactured by MPS, for example to improve switching speed of MPS Accused Products.

44. Upon information and belief, MPS designs and contracts fabrication for

14
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semiconductor devices using similar designs according to a limited number of processes, rriany or

all of which utilize substantially similar process steps, including process steps for creating regions

with graded dopant concentrations.

45. Upon information and belief, the MPS semiconductor devices are in relevant part

substantially similar to the exemplary MPS MP86905 monolithic half-bridge shown in EKhibit 8,

particularly with regard to the manner in which the exemplary MPS MP86905 monolithic half-

bridge includes and utilizes regions with graded dopant concentrations. Exhibit 8 is thus illustrative

of the manner in which the MPS Accused Products meet the claim limitations of the Greenthread

Patents.

COUNT I: INFRINGEMENT OF U.S. PATENT NO. 8,421,195

46. Greenthread incorporates by reference and re-alleges all of the foregoing

paragraphs of this Complaint and exhibits attached hereto as if fully set forth herein.

47. The following allegations are based on publicly available information and a

reasonable investigation of the structure and operation of the MPS Accused Products. Greenthread

reserves the right to modify this description, including, for example, on the basis of information

about the MPS Accused Products that it obtains during discovery.

48. MPS’s infringement has damaged and continues to damage Greenthread in an

amount yet to be determined, of at least a reasonable royalty.

49. As alleged above and in Exhibit 8, the products analyzed in Exhibit 8 meet each

and every one of the claim limitations of at least one claim of the ‘195 Patent.

50. As alleged above, the products analyzed in Exhibit 8 are exemplary of the MPS

Accused Products.

51. As alleged above, MPS has and continues to infringe at least one claim of the ‘195

15
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Patent by making, using, offering to sell, selling within the United States, and/or importing into

the United States MPS Accused Products. Defendant’s infringement is and continues to be willful.

52. As alleged above, Defendant induces infringement of at least one claim of the ‘195

Patent by designing and marketing infringing products for sale, use, and importation into the

United States.

53. MPS’s infringement has damaged and continues to damage Greenthread in an

amount yet to be determined, of at least a reasonable royalty.

COUNT II: INFRINGEMENT OF U.S. PATENT NO. 9,190,502

54. Greenthread incorporates by reference and re-alleges all of the foregoing

paragraphs of this Complaint and exhibits attached hereto as if fully set forth herein.

55. The following allegations are based on publicly available information and a

reasonable investigation of the structLlre and operation of the MPS Accused Products. Greenthread

reserves the right to modify this description. including, for example, on the basis of information

about the MPS Accused Products that it obtains during discovery.

56. MPS’s infringement has damaged and continues to damage Greenthread in an

amount yet to be determined, of at least a reasonable royalty.

57. As alleged above and in Exhibit 8. the products analyzed in Exhibit 8 meet each

and every one of the claim limitations of at least one claim of the ‘502 Patent.

58. As alleged above, the products analyzed in Exhibit 8 are exemplary of the NIPS

Accused Products.

59. As alleged above, MPS has and continues to infringe at least one claim of the ‘502

Patent by making, using, offering to sell, selling within the United States, and/or importing into

the United States MPS Accused Products. Defendant’s infringement is and continues to be willful.
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60. As alleged above, Defendant induces infringement of at least one claim of the ‘502

Patent by designing and marketing infringing products for sale, use, and importation into the

United States.

61. MPS’s infringement has damaged and continues to damage Greenthread in an

amount yet to be determined, of at least a reasonable royalty.

COUNT III: INFRINGEMENT OF U.S. PATENT NO. 10,510,842

62. Greenthread incorporates by reference and re-alleges all of the foregoing

paragraphs of this Complaint and exhibits attached hereto as if fully set forth herein.

63. The following allegations are based on publicly available information and a

reasonable investigation of the structure and operation of the MPS Accused Products. Greenthread

reserves the right to modify this description, including, for example, on the basis of information

about the MPS Accused Products that it obtains during discovery.

64. MPS’s infringement has damaged and continues to damage Greenthread in an

amount yet to be determined, of at least a reasonable royalty.

65. As alleged above and in Exhibit 8, the products analyzed in Exhibit 8 meet each

and every one of the claim limitations of at least one claim of the ‘842 Patent.

66. As alleged above, the products analyzed in Exhibit 8 are exemplary of the MPS

Accused Products.

67. As alleged above, MPS has and continues to infringe at least one claim of the ‘842

Patent by making, using, offering to sell, selling within the United States, and/or importing into

the United States MPS Accused Products. Defendant’s infringement is and continues to be willful.
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68. As alleged above. Defendant induces infringement of at least one claim of the ‘842

Patent by designing and marketing infringing products for sale, use, and importation into the

United States.

69. MPS’s infringement has damaged and continues to damage Greenthread in an

amount yet to be determined, of at least a reasonable royalty.

COUNT IV: INFRINGEMENT OF U.S. PATENT NO. 10,734,481

70. Greenthread incorporates by reference and re-alleges all of the foregoing

paragraphs of this Complaint and exhibits attached hereto as if fully set forth herein.

71. The following allegations are based on publicly available information and a

reasonable investigation of the structure and operation of the MPS Accused Products. Greenthread

reserves the right to modify this description, including, for example, on the basis of information

about the MPS Accused Products that it obtains during discovery.

72. MPS’s infringement has damaged and continues to damage Greenthread in an

amount yet to be determined, of at least a reasonable royalty.

73. As alleged above and in Exhibit 8, the products analyzed in Exhibit 8 meet each

and every one of the claim limitations of at least one claim of the ‘481 Patent.

74. As alleged above, the products analyzed in Exhibit 8 are exemplary of the MPS

Accused Products.

75. As alleged above. MPS has and continues to infringe at least one claim of the ‘481

Patent by making, using, offering to sell, selling within the United States, and/or importing into

the United States MPS Accused Products. Defendants infringement is and continues to be willful.

76. As alleged above, Defendant induces infringement of at least one claim of the ‘481

Patent by designing and marketing infringing products for sale. use, and importation into the
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United States.

77. MPS’s infringement has damaged and continues to damage Greenthread in an

amount yet to be determined, of at least a reasonable royalty.

COUNT V: INFRINGEMENT OF U.S. PATENT NO. 11,121,222

78. Greenthread incorporates by reference and re-alleges all of the foregoing

paragraphs of this Complaint and exhibits attached hereto as if fully set forth herein.

79. The following allegations are based on publicly available information and a

reasonable investigation of the structure and operation of the MPS Accused Products. Greenthread

reserves the right to modify this description, including, for example, on the basis of information

about the MPS Accused Products that it obtains during discovery.

80. MPS’s infringement has damaged and continues to damage Greenthread in an

amount yet to be determined, of at least a reasonable royalty.

81. As alleged above and in Exhibit 8, the products analyzed in Exhibit 8 meet each

and every one of the claim limitations of at least one claim of the ‘222 Patent.

82. As alleged above, the products analyzed in Exhibit 8 are exemplary of the MPS

Accused Products.

83. As alleged above, MPS has and continues to infringe at least one claim of the ‘222

Patent by making, using, offering to sell, selling within the United States, and/or importing into

the United States MPS Accused Products. Defendant’s infringement is and continues to be willful.

84. As alleged above, Defendant induces infringement of at least one claim of the ‘222

Patent by designing and marketing infringing products for sale, use, and importation into the

United States.
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85. MPS’s infringement has damaged and continues to damage Greenthread in an

amount yet to be determined, of at least a reasonable royalty.

COUNT VT: INFRINGEMENT OF U.S. PATENT NO. I1316,O14

86. Greenthread incorporates by reference and re-alleges all of the foregoing

paragraphs of this Complaint and exhibits attached hereto as if fully set forth herein.

87. The following allegations are based on publicly available information and a

reasonable investigation of the structure and operation of the MPS Accused Products. Greenthread

reserves the right to modify this description, including, for example, on the basis of information

about the MPS Accused Products that it obtains during discovery.

88. MPS’s infringement has damaged and continues to damage Greenthread in an

amount yet to be determined, of at least a reasonable royalty.

89. As alleged above and in Exhibits 8, the products analyzed in Exhibit 8 meet each

and every one of the claim limitations of at least one claim of the ‘014 Patent.

90. As alleged above, the products analyzed in Exhibit 8 are exemplary of the MPS

Accused Products.

91. As alleged above. NIPS has and continues to infringe at least one claim of the ‘014

Patent by making, using, offering to sell, selling within the United States, and/or importing into

the United States MPS Accused Products. Defendant’s infringement is and continues to be willful.

92. As alleged above, Defendant induces infringement of at least one claim of the ‘014

Patent by designing and marketing infringing products for sale, use, and importation into the

United States.

93. MPS’s infringement has damaged and continues to damage Greenthread in an

amount yet to be determined, of at least a reasonable royalty.
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DAMAGES

94. As a result of MPS’s acts of infringement, Greenthread has suffered and continues

to suffer actual and consequential damages. However, Greenthread does not yet know the full

extent of the infringement and the amount of damages cannot be ascertained except through

discovery and special accounting. To the fullest extent permitted by law, Greenthread seeks

recovery of damages at least for reasonable royalties, unjust enrichment, and benefits received by

MPS as a result of using the patented technology. Greenthread further seeks any other dairiages to

which Greenthread is entitled under law or in equity, including enhanced damages for MPS’s

willful infringement.

DEMAND FOR JURY TRIAL

95. Greenthread hereby demands a jury trial for all issues so triable.

PRAYER FOR RELIEF

WHEREFORE, Greenthread respectfully requests that this Court enter judgment in its

favor as follows:

A. That Judgment be entered that Defendant has infringed one or more claims of the

Greenthread Patents, literally and under the doctrine of equivalents;

B. That, in accordance with 35 U.S.C. § 283, Defendant and all its affiliates.

employees, agents, officers, directors, attorneys, successors, and assigns and all those acting on

behalf of or in active concert or participation with any of them, be preliminarily and permanently

enjoined from (I) infringing the Greenthread Patents and (2) making, using, selling, and offering

for sale, or importing into the United States, the MPS Accused Products;

C. An award of damages sufficient to compensate Greenthread for Defendant’s

infringement and enhanced damages under 35 U.S.C. § 284;
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D. That the case be found exceptional under 35 U.S.C. § 285 and that Greenthread be

awarded its reasonable attorneys fees;

E. Costs and expenses in this action;

F. Damages for pre-issuance infringement under 35 U.S.C. § 1 54(d);

G. An award of prejudgment and post-judgment interest; and

H. Such other and further relief as the Court may deem just and proper.

Dated: May 26. 2023 Respectfully submitted,

OF COUNSEL: FARNAN LLP
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US 8,421,195 B2

I
SEMICONDUCTOR DEVICES WITH

GRADED DOPANT REGIONS

CROSS-REFERENCE TO RELATED
APPI.ICAI’ION

This application is a Divisional ofU.S. application Ser. No.

10/934.915, liled on Sep. 3. 2004. nov. abandoned which
opplicatioo is incorporated herein by reference.

FIELD OF INVENTION

This present invention relates to all semiconductor devices

and systems. Particolarly it applies to diffused diodes, ava

lanelse diodes. Schottky devices, power MOS transistors,

JFET’s. PT bipolar transistors, IGBTs (hssolated Gate Bipo
larTraasistors). varactors. digital VLSI. mixed signal circuits

and sensor devices including camera ICs employing CCD
(Charge Coupled Device) as well as CMOS technologies.

BACKGROUND OF INVENTION

Bipolar Junction transistors (11.11’) are minority camer

devices as the principle device conduction mechanism. 1-tow-

ever, majority carriers also a sosall yet finite role in modulat

ing the conductivity in BJTs. Consequently, both carriers

(electrons and holes) play a role in the switching performance
of BJTs. The maximum frequency of operation m BJTs is
limited by’ the base transit time as well as the quick recombi

nation of the majority carriers when the device is switched off
(prior to begimting the next cycle). The dominant carrier
mechanism in BJTs is carrier diffusion. Carrier dnft currcot
component is fairly’ small. especially io uniformly doped base
BJTs. Efforts have been made in graded base transistors to
create an ‘aiding drift held’, to enhance the diffusing minority

carrier’s speed from emitter to collector. However, most
semiconductor devices, including various power MOSFI /1’s

(traditional. DMOS. lateral, vertical and a host of other con

figurations). IGBT’s (Insulated Gatcd Base Transistors). still

use a unifomily doped drift epitaxial region in the base. FIG.

1 shows the relative doping concentration versus distance in a
BJT. FIG. 2 shows the uoifonnly doped epi region’ in a IGBT.

In contrast to BJTs, MOS devices are majority carrier devices

for conduction. ‘11w conduction is channel dominated. ‘11w
ehaiusel can be a surfisce in one plane in planar devices. The
surface can also be on the sidewalls in a vertical device. Other
device architectures to combine planar and vertical conduc

tions are also possible. The maximum frequency of operation
is dictated primarily by source-drain separation distance.

Most MOS devices use a uniformly doped substrate (or a well

region). When a MOSFET is optimally integrated with a BiT
in a monolithic fashion, an IGBT results. The IGBT inherits

the advantages of both MOSFET and BJT. It also brings new
challenges because the required characteristics (electron tran

sit and hole recombination as fast as possible in the case ofan 55

n-channel tGlfl’) require different dopant gradients either in

the sante layer at different positions. or at the interfaces of
similar or dissimilar layers.

Retrograde’ wells have been attempted. with little success.

to help improve soft error intmunity in SRAM’s and visual so
quality in imaging circuits. FIG. 3(n) shows a typical CMOS

VLSI device employing a twin well substrate. on which active
devices are sobsequently fhbricated. FIGS. 3(h). 3(c), and

3(d) illustrate device cross sections. as practiced today. ‘Ret

rograde’ and ‘halo’ wel Is have also been attempted to improve Os
refresh time in DRAM’s (dyisamic random access memo

ries), as well as. reducing dark current (background noise)

2
and enhance RGB (Red. Green. Blue) color resolution in

digital cansera Ics. Most of these teclusiques either divert the

minority carriers away form the active regions of critical

charge storage nodes at the surface, or. increase minority

carrier density locally as the particular application reqtures.

BRIEF DESCRIPTION OF DRAWINGS

For a more complete understanding of the present inven
to tion. and the advantages thereof, reference is now made to the

fullowing descriptions taken in conjunction with the accom
panying drawings. in which:

FIG. 1 illustrates the relative doping profiles of emitter.
base. and collector, for the two most popular bipolarjunction

15 transistors: namely. A—uniform base, and B—graded base;
FIG. 2 illustrates the cross section of a commercial IGBT

with a uniform epitaxial drift region (base);
FIGS. l(n). 3(b).3(c). 3(n) illustrate cross sections cont

monly used CMOS silicon substrate with two wells (one
20 n-well in which p-chaimel transistors are subseqoently lhbri

cated, and, one p-well in which n-clsamel transistors are
subsequently fabricated)—typieal IC’. EEPROM using tuimel
insulator, DRAM and NAND flash;

FIG. 4 illustrates the cross section of a IGBT. using one
25 embodiment of tile insventiois described Isere, where the

dopant is optimally graded in the eptaxial drift region; and

FIGS. S(o). 5(h). S(c) illustrate the cross sections oI’a MOS
silicon substrate with two wells, and, an underlying layer

using embodiments of the invention to improve performance
30 in each applieation—\”LSI logic. DRAMiimage IC. nonvola

tile memory IC.

DET4ILED DESCRIPTION OF THE INVENTION

35 The relative doping concentrations of emitter and collector

regions varies from 1018 to 1 020/cm3. where as the base region
is I t? to 101 5/cm3 depending on the desired characteristics of
the BiT. In graded base p-n-p transistors, the donor dopant

concentration may be 10 to lOOx at the emitter-basejunction.

40 relative to the base-collector junction (Ix). The gradient can

be linear, quasi linear, exponential or complimentary error
thnction. The relative slope of the donor concentration

throughout the base, creates a suitable aiding drift electric

held, to help the holes (p-n-p transistor) transverse from emit

45 ter to collector. Since the aiding drift field helps hole conduc

tion, the current gain at a given frequency is enhanced, rela
tive to a uniformly-doped-(base) BiT. The improvement hi

cut-off frequency (or, frequeiscy at unity gain, f2- can be as
large as 2x-5x.Similar performance improvements are also

so applicable to n-p-n transistors.
As illustrated in FIG. 4. in one embodiment according to

the invention, a donor gradient is established from the emit—
ter-drift epitaxial base region junction of the punch-through

IGBT. to the drift epitaxial base region—n’ buffer layer

boundary (electrons in this case are accelerated in their transit
from eminer to collector). ‘1-he ‘average’ base resistance is

optimized. so that conductivity modulation and lifetinse (for
minority carriers) in base region are not compromised. By
sweeping the carriers towards the is’ buffer region two advan

tages are obtained—the frequency ofoperntiois (combination

of t0,, and t0as is known ins the IGBT commercial nomencla

fire) can be enhanced. More importantly. during t011. holes can
be recombined nsuch quicker at the is’ buffer layer. compared

to a uniformly doped nepitaxial drift region by establishing

a different dopant gradient near the n+bsiffer layer. It shosmld

be itoted that the drifi region can also be a non-epitaxial

silicon substrate. Epitaxy enhances lifetime. but. epitaxy is
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not mandatori. Di tIerent layers ofdopan regions can be trans
I’erred through waler to water bonding (or other similar trans
fer mechanisms) for eventual device fabrication. The “reverse
recovery time” for an JUl31 is significantly improved due to
the optimized graded dopant in the so called “drift region” as
well as at the interfaces of the drift region. Graded dopants
can also be implemented in the n+ buffer layeras well as other
regions adjacent to the respective layers. Two important per
thrmance enhancements are the result of dopant gradients.
For example. in an n-channel IGBT. electrons can be swept
from source to drain rapidly, while at the same time holes can
be recombined closer to the n+ buflCr layer. This can improve
t(on) and t(off) in the same device.

As illustrated in FIGS. 5(a), 5(b), 5(c). donor gradient is
also of benefit to very large scale integrated circuits (VLSI)—
VlSI logic. DRAM. nonvolatile memory like NANI) flash.
Spurious minority carriers can be generated by clock switch
ing in digital VLSI logic and memory IC’S. These unwanted
carriers can discharge dynamically-held ‘actively held high’
nodes. Statically held nodes (with V) can not be affected, in
most cases. Degradation of refresh time in DRAM’s is one of
the results, because the capacitor holds charge dynamically.
Similarly, degradation of (‘MOS digital images. in digital
imaging IC’s is another result ofthe havoc caused by minority
carriers. Pixel and color resolution can be significantly
enhanced in imaging IC’s with the embodiments described
here. Creating ‘Sub Terrain’ recombination centers under
neath the wells (gold doping, platinum doping) as is done in
sonic high-voltage diodes is not practical for VLSI circuits.
Hence, a novel technique has been described here by creating
a drift field to sweep these unwanted minority carriers into the
substrate as quickly as possible. from the active circuitry at
the surface. In a preferred embodiment, the subterrain n-layer
has a graded donor concentration to sweep the minority car
riers deep into the substrate. One or more of such layers can
also be implemented through wafer to wafer bonding or simi
lar “transfer” mechanisms. Ibis n-layer can he a deeply-
implanted layer. It can also be an epitaxial layer. The n-well
and p-well also can be graded or retrograded in dopants. as
desired, to sweep those carriers away from the surface as well.
The graded dopani can also be implemented in surface chan
nel MOS devices to accelerate majority carriers towards the
drain. In nonvolatile memory devices, to decrease program
nting time, carriers should be accelerated towards the surface
when programming of memory cells is executed. The graded
dopant can also be used to fabricate superior Junction field-
effect transistors where the “channel pmchoff” is controlled
by a graded channel instead of a uniformly doped channel (as
practiced in prior art).

One of ordinary skill and familiarity in the art will recog
nize that the concepts taught herein can be customized and
tailored to a particular application in many advantageous
ways. For instance, minority carriers can be channeled to the
surface, to aid programming in nonvolatile memory devices
(NOR, NAND, moltivalued-cell). Moreover, single well, as
well triple-well (‘MOS fabrication techniques can also he
optimized to incorporate these embodiments, individually
and collectively. Any modifications of such embodiments
(described here) fall within the spirit and scope of the inven
tion. Hence, they fall within the scope ofthe claims described
below

Although the invention has been described with reference
to specific embodiments, these descriptions are not meant to
be construed in a limiting sense. ‘v’arious modifications of the
disclosed embodiments, as well as alternative embodiments
ofthe invention will become apparent to persons skilled in the
art upon reference to the description of the invention. It

4
should be appreciated by those skilled in the art that the
conception and the specific embodiment disclosed irtay be
readily utilized as a basis for modifying or designing other
structures for carrying out the same purposes of the present

5 invention. It should also be realized by those skilled in the art
that such equivalent constructions do not depart from the
spirit and scope of the invention as set forth in the appended
claims.

It is therelhre, contemplated that the claims will cover any
10 such modifications or embodiments that fall within the tnie

scope of the invention.
What is claimed is:
1. A CMOS Semiconductor device comprising:
a surface layer:

15 a substrate:
an active region including a source anda drain, disposed on

one surface of said surface layer;
a single drift layer disposed between the other surface of

said surface layer and said substrate, said drift layer
20 having a graded concentration of dopants extending

between said surface layer and said substrate, said drift
layer further having a first static unidirectional electric
drift field to aid the movement of minority carriers from
said surface layer to said substrate: and

25 at least one well region disposed in said single drift layer,
said well region having a graded concentration of
dopants and a second static unidirectional electric drift
field to aid the movement of minority carriers front said
surface layer to said substrate.

in 2. The CMOS Semiconductor device of claim 1. wherein
the said drift layer is a deeply-implanted layer.

3. The CMOS Semiconductor device of claim 1. wherein
said drift layer is an epitaxial layer.

4. The CMOS Semiconductor device of claim 1. wherein
is said graded concentration ibllows a linear gradient.

5. The CMOS Semiconductor device of claim 1, wherein
said graded concentration follows a quasi-linear gradient.

6. The CMOS Semiconductor device of claim 1. wherein
said graded concentration follows an exponential gradient.

40 7. The CMOS Semiconductor device of claim 1, wherein
said graded concentration follows a complimentary error
function gradient.

8. A CMOS Semiconductor device comprising:
a surface layer:

45 a substrate:
an active region including a source and a drain, disposed on

one surface of said surface layer.
a single drift layer disposed between the other surfince of

said surface layer and said substrate, said drift layer
so having a graded concentration of dopants extending

between said surface layer and said substrate, said drift
layer further having a first static unidirectional electric
drift field to aid the moventent of niinority carriers front
said substrate to said surface layer; and

55 at least one well region disposed in said single drift layer,
said well region having a graded concentration of
dopants and a second static unidirectional electric drift
field to aid the movement of minority carriers from said
substrate TO SAID SURFACE LAYER.

60 9. The CMOS Semiconductor device of claim 8. wherein
said drift layer is deeply-implanted layer.

10. The CMOS Semiconductor device of claim 8, wherein
said drift layer is an epitaxial layer.

11. The CMOS Semiconductor device of claim 8, wherein
65 said graded concentration follows a linear gradient.

12. The CMOS Semiconductor device of claimS, wherein
said graded concentration follows a quasi-linear gradient.
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13. The CMOS Semiconductor device ofclaini 8. wherein

said graded concentration thilows a exponential gradient.

14. The CMOS Semiconductor device of claim 8. wherein

said graded concentration follows a complimentary error

function gradient.

* * * * *
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SEMICONDUCTOR DEVICES WITH
GRADED DOPANT REGIONS

CROSS-REFERENCE TO RELATED
APPI IC ‘AlION

This continuation application claims priority to and the
benefit of U.S. application Ser. No. 13/854.319, filed on Apr.
1. 2013. which is a continuation of U.S. application Ser. No.
11/622,496, flIed Jan. 12. 2007, now U.S. Pat. No. 8.421,195,
which is a divisional of U.S. application Ser. No. 10/934,915,
filed nn Sep. 3, 2004, now abandoned, all of which are incor
porated by reference.

FIELD OF INVENTION

This present invention relates to all sensiconductor devices
and systems. Particularly it applies to diffused diodes, ava
lanche diodes, Schottky devices, power MOS transistors.
JFET’s. RE bipolar transistors. IGBTs (Insulated Gate Bipo
lar Transistors), varactors, digital VLSI. mixed signal circuits
and sensor devices including camera ICs employing CCD
(Charge Coupled Device) as well as CMOS technologies.

BACKGROUND OF INVENTION

Bipolar Junction transistors (BJT) are minority carrier
devices as the principle device conduction mechanisns. How
ever. nsajority carriers also a small yet finite role in modulat
ing the conductivity in BJT5. Consequently. both carriers
(electrons and holes) play a role in the switching performance
of BJTs. The maximum frequency of operation in BJTs is
liniited by the base transit time as well as the quick reeombi
nation of the majority carriers when the device is switched off
(prior to beginning the next cycle). The dominant carrier
mechanism in BJTs is carrier diffusion. Carrier drift current
component is fairly small, especially in uniformly doped base
BJTs. Efforts have been made in graded base transistors to
create an ‘aiding drift field’, to enhance the diffusing minority
carrier’s speed from emitter to colleeton However, most
semiconductor devices, including various power MOSFETs
(traditional, DMOS. lateral, vertical and a host of other con
figurations), IGBT’s (Insulated Gated Base Transistors). still
use a unifonnly doped drift epitaxial region in the base. 11G.
1 shows the relative doping concentration versus distance in a
BIT. FIG. 2 shows the ‘unifonnly doped epi region’ in a
IGBT. In contrast to BiTs. MOS devices are majority carrier
devices for conduction. The conduction is channel domi
nated. Ihe channel can he a surface tn one plane in planar
devices. The surface can also be on the sidewalls in a vertical
device. Other device architectures to combine planar and
vertical eunduetions are also possible. The maximum fre
quency of operation is dictated priniarily by source-drain
separation distance. Most MOS devices use a uoifonnly
doped substrate (or a well region). When a MOSFET is opti
mally integrated with a lilt in a monolithic fashion, an ltd fl
results. The IGBT inherits the advantages of both MOSFET
and BJT. It also brings new challenges because the required
characteristics (electron transit and hole recombinatiou as
Inst as possible in the case of an n-channel IGBT) require
diftèrent dopant gradients either in the same layer at different
positions, or at the interfaces of siniilar or dissimilar layers.

‘Retrograde’ wells have been attempted, with little success.
to help improve soft error immunity in SRAM’s and visual
quality in imaging circuits. FIG. 3(o) shows a typical CMOS
VLSI device employing a twin well substrate, on which active
devices are subsequently fabricated. FIGS. 3(b). 3(c). and

2
3(d) illustrate device cross sections. as practiced today, ‘Ret
rograde’ and ‘halo’ wells have also been attempted to improve
refresh time in DRAM’s (dynamic random access memo
ries), as well as. reducing dark current (background noise)
and eohance ROll (Red, (ireen, Blue) color resolution in
digital camera les. Most of these techniques either divert the
nunority carriers away form the active regions of critical
charge storage nodes at the surface, or. increase minority
carrier density locally as the particular application requires.

tO

BRIEF DESCRIPTION OF DRAWINGS

For a more complete understanding of the present inven
tion, and the advantages thereof, reference is now made to the

is following descriptions taken in conjunction with the accons—
panying drawings, in which:

FIG. 1 illustrates the relative doping profiles of emitter.
base, and collector. for the two most popular bipolarjunction
transistors: naniely. A uniform base, and B graded base:

20 FIG. 2 illustrates the cross section of a commercial IGBT
with a unifonn epitaxial drift region (base):

FIGS. 3(o). 3(b), 3(c). 3(d) illustrate cross sections coot
monly used CMOS silicon substrate with mo wells (one
n-well in which p-channel transistors are subsequently fabri

25 cated, and, one p-well in which n-ehamtel transistors are
subsequently )hbricated)—typieal IC. EEPROM using tunnel
insulator, DRAM and NAND flash:

FIG. 4 illustrates the cross section of a IGBT. using one
embodiment of the invention described here, where the

30 dupant is optimally graded in the eptaxial drift region; and
FIGS. 5(o), 5(b), 5(c) illustrate the cross sections ofn MOS

silicon substrate with two wells, and, an underlying layer
using embodiments of the invention to improve performance
in each application—VI SI logic, I )RAMiimage IC’, nonvola

35 tile memory IC.

DIUAII .111) DESC’RIPTION 01: TI 111 INVLNI’ION

The relative doping concentrations of emitter and collector
40 regions varies from lois to I 020/cm3, where as the base region

is 1 0i4 to I 0 6/cm3 depending on the desired characteristics of
the BIT. In graded base p-n-p transistors, the donor dopant
concentration may be 10 to bOx at the emitter-basejunction,
relative to the base-collector junction (lx). l’he gradient can

45 be linear, quasi linear, exponential or complinsentary error
function. The relative slope of the donor concentration
throughout the base, creates a suitable aiding drift electric
field, to help the holes (p—n—p transistor) transverse from ensit
ter to collector. Since the aiding drift field helps hole enodue

so tion. the current gain at a given frequency is enhanced, rela
tive to a uniformly-doped-(base) BIT. The improvement in
cot-off frequency (or, frequency at unity gain. can be as
large as 2x-5x. Similar performance insprovements are also
applicable to n-p-n transistors.

55 As illustrated in FIG. 4. in one embodiment according to
the invention, a donor gradient is established fmm the emit
ter-drift epitaxial base region junction of the punch-through
IGBT, to the drift epitaxial base region—n’ buffer layer
boundary (electrons in this ease are accelerated in their transit

so from ensitter to collector). The ‘average’ base resistance is
optimized, so that conductivity modulation and litëtume (fur
minority carriers) in base region are not compromised. By
sweeping the carriers towards the n’ buffer region two advan
tages are obtained—the frequency ofoperat ion (combination

65 oft0,, and t0fas is known in the IGBT commercial nomencla
tore) can be enhanced. More importantly, durmg t09, holes can
be recombined much quicker at the n’ buffer layer, compared
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3
to a uniformly doped if epitaxial drift region by establislung

a different dopant gradieot near the n+ buffer layer. It should

be noted that the drift region can also be a non-epitaxial below

silicon substrate. Epitaxy eithances lifetime, but. epitaxy is

not mandatory. Different layers ofdopan regions can hetrans

ferred through wafer to wafer boodiog (or other similar trans

fer mechanisms) for eventual device fabrication. The “reverse

recovery time” for an IGBT is significantly improvcd due to

the optimized graded dopant in the so called “drift region” as

well as at the interhices of the drift region. Graded dopants

can also be implemented in the 0+ boffer layer as well as other

regions adjaceist to the respective layers. Two important per

fornsance enhancements are the result of dopant gradients.

For example. in an n-channel IGBT. electrons can be swept

from source to drain rapidly, while at the same time holes can

be reconsbined closer to the n+ buffer layer. This can improve

t(on) and t(off) in the same device.
Tlsc following paragraph. begnusing on page 5. line 6. and

ending on page 11. line 28. is amended as indicated in the

marked up version below:
As illustrated in FIGS. 5(o). 5(6), 5(c). donor gradient is

also ofbenefit to very large scale integrated circuits (VLSI)—

VLSI logic. DRAM, nonvolatile memory like NAND flash.

Spurious minority carriers cais be generated by clock switch- 25

ing ins digital VLSI logic and memory IC’S. These unwanted

carriers can discharge dynamically-held ‘actively held high’

nodes. Statically held nodes (with Va.) can not be affected, in

most cases. Degradation of refresh time in DRAM’s is one of

the results, because the capacitor holds charge dynamically.

Similarly, degradation of CMOS digital images. in digital

imaging IC’s is another result ofthe havoc caused by minority

carriers. Pixel and color resolution can be significantly

enhanced us imaging IC’s with the ensbodinsents described 35

here. Creating ‘Sub Terrain’ recombination centers under—

neaths the wells (gold doping. platinum doping) as is done in

sonic high-voltage diodes is not practical for VLSI circuits.

Hence, a novel technique has been described here by creating

a drift field to sweep these unwanted minority carriers into the u

substnite as quickly as possible, from the active circuitry at

the surface. In a preferred ensbodinicnt. the subterrain n-layer

has a graded donor concentration to sweep the minority car

riers deep into the substrate, One or more of such layers can
also be implcnscnted thruugh wafer to waferbonding or snssi—

lar “transfer” mechanisms. This n-layer can be a deeply-

implanted layer. It can also be an epitaxial layer. The n-well

and p-well also can be graded or retrograded in dopants, as
desired, to sweep those carriers away from the surfiice as well.

The graded dopant can also be implemented in surface chan

nel MOS devices to accelerate majority carriers towards the
drain. In nonvolatile memory devices. to decrease program

ming time, carriers should be accelerated towards the surface
when programming of mensorv cells is executed. The graded

dopant can also be used to fabricate superior Junction field-
effect transistors where the “channel pinchofi” is controlled

by a graded channel instead of a unifomsly doped chamsel (as

practiced in prior art).
One of ordinary skill and familiarity in the art will recog

nize that the concepts taught herein can be customized and 5u

tailored to a particular application in many advantageous

ways. For instance, minority carriers can be channeled to the

surface, to aid prograinniinsg in isonvolatile issemory devices

(NOR. NAND. multivalued-cell). Moreover, single well, as

well triple-well CMOS fabrication techniques can also be 55

optimized to incorporate these embodiments, individually

and collectively. Any nsodifications of such embodiments

4
(described here) fall within the spirit and scope of the inven

tion. Hence, they fall within the scope of the claims described

Although the invention has been described with refereisce

to specific embodiments, these descriptions are not meant to

be constnied in a limiting sense. Various nsodificatioiss ofthe

disclosed embodiments, as well as alternative ensbodiments

ofthc invention will bcconic apparent to persons skilled in the

art upon reference to the description of the invention. It
tO should be appreciated by those skilled in the art that the

conception mid the specific embodiment disclosed nsay be

readily utilized as a basis for modifying or designing other

structures for carrying out the same purposes of the present

invention. It should also be realized by those skilled in the art

that such equivalent constructions do not depart froni the

spirit and scope of the invention as set forth in the appended

claims.
It is therefore, contemplated that the claims will cover am’

such modifications or embodiments that fall within the true

scope of the invention.

What is claimed is:
l.A senuconductor device consprising:
a surface layer:
a substrate:
an active region including a source and a drain, disposed on

one surhhce of said surface layer;
a single drift layer disposed between the other surface of

said surface layer and said substrate, said drift layer
having a graded concentration of dopants generating a
first static unidirectional electric drift field to aid the
movement of minority carriers from said substrate to
said surface layer; and

at least one well region disposed in said single drift layer.
said well region having a graded concentration of
dopants generating a second static unidirectional elec
tric drift field to aid the movement of minority carriers
from said substrate to said surface layer.

2. The senuconductor device of claim 1 wherein said first
and second static unidirectional electric fields are adapted to
respective grading ot dopants to aid moveineiits of carriers in
respective active regioiss.

3. ‘11w semiconductor device of claim 1 wherein the semi-
45 conductor device is a central processing unit (CPU).

4. The semiconductor device of claim 1 wherein the semi-
conductor device is a DRAM device.

5. The sensiconductor device of damn 1 wherein tlse semi
conductor device is a flash memory device.

so 6. The semiconductor device ofclains 1 wherein the semi-
conductor device is an image sensor device.

7. A senuconduetor device comprising:
a surface layer:
a substrate:

55 an active region including a source and a drain, disposed on
one surface of said surface layer:

a single drift layer disposed between the other surface of

said surface layer and said substrate, said drift layer
having a graded concentration of dopants generating a
first static unidirectional electric drift field to aid the
movement ofminority carriers from said surhhce layer to
said substrate: and

at least one well region disposed in said single drift layer.
said well region having a graded conceistration of
dopaots generating a sccood static unidirectional elec
tric drift field to aid the nsovcment of minority carriers
froom said surfiice layer to said substrate.
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8. The semiconductor device of claim 7 wherein said first
and second static unidirectional electric fields are adapted to
respective grading ofdopants to aid movements ofcarriers in
respective active regions.

9. The semiconductor de ice of claim 7 wherein the semi- 5
conductor device is a central processing unit (CPU).

18. The semiconductor device of claim 7 wherein the semi
conductor device is a DRAM device.

II The semiconductor device of claim 7 wherein the semi
conductor device is a flash memory device.

12. ‘Ihe semiconductor device of claim 7 wherein the semi
conductor device is an image sensor device.

* * * * *
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SEMICONDUCTOR DEVICES WITh
GRADED DOPANT REGIONS

CROSS-REFERENC’ETO RELAtED
APPI JCATIONS

This application is a Continuation of U.S. patent appli
cation Ser. No. 14/931636. filed Nov. 3. 2015. published on
Jun. 16, 2016 as U.S. Publication No. 2016-0172447. now
U.S. Pal. No. 9.647,070, issued on May 9,2017. Application
Scr. No. 14/931,636 is a continuation of U.S. patent appli
cation Ser. No. 14/515,584, filed Oct. 16. 2014, published on
Feb. 5. 2015, as U.S. Publication No. 2015-0035004. now
U.S. Pat. No. 9.190.502, issued on Nov. 17, 2015. Applica
tion Ser. No. 14/515,584 is a Continuation of U.S. patent
application Ser. No. 13/854,319 filed Apr. 1, 2013, published
on Aug. 29, 2013, as U.S. Publication No. 2013-0221488.
Application Ser. No. 13/854,3 19 is a Continuation of Ser.
No. 11/622,496. filed Jan. 12. 2007. published on Jul. 12.
2007, as Publication No. 2007-0158790, now U.S. Pat. No.
8.421,195, issued on Apr. 16, 2013. Application Ser. No.
11/622,496. is a Division of U.S. patent application Ser. No.
10/934.915. filed Sep. 3. 2004. published on Mar. 9. 2006.
as U.S. Publication No. 2006-0049464. U.S. Pat. Nos.
9.647,070,9,190,502. and 8.421,195. and Patent Application
Publication Nos. 2016-0172447, 2015-0035004, 2013-
0221488, 2007-0158790, and 2006-0049464, are incorpo
rated herein by reference in their entirety.

tECHNICAL FIELD 30

This present invention relates to all semiconductor
devices and systems. Particularly it applies to diffused
diodes, avalanche diodes, Schottky devices, po’.er MOS
transistors, JFET’s. RE bipolar transistors. IGBTs (Insulated
Gate Bipolar Transistors), varactors. digital VLSI, mixed
signal circuits and sensor devices including camera ICs
employing CCD (Charge Coupled Device) as well as CMOS
technologies.

BACKGROUND

Bipolar Junction Transistors (BIT) are classified as minor
ity carrier devices because minority carriers are the principle
device conduction mechanism, However, majority carriers
also play a small but finite role in modulating the conduc
tivity in BITs. Consequently, both carriers (electrons and
holes) play a role in the switching performance of BITs. The
maximum frequency of operation in BITs is limited by the
base transit time as well as the quick recombination of the
majority carriers when the device is switched off (prior to
beginning the next cycle). The dominant carrier mechanism
in BITs is carrier diffusion. The carrier drift current com
ponent is fairly small. especially in uniformly doped base
BITs. Efforts have been made in graded base transistors to
create an aiding drift field to enhance the diffusing minority
carrier’s speed from emitter to collector. However, most
semiconductor devices, including various power MOSFETs
(traditional. DM08. lateral, vertical and a host of other
configurations). IGBT’s (Insulated Gated Base Transistors). 60
still use a uniformly doped ‘drift epitaxial’ region in the
base. FIG. 1 shows the relative doping concentration versus
distance in a BJT. FIG. 2 shows the uniformly doped epi
region in an IGBT. In contrast to BJTs. MOS devices are
majority carrier devices for conduction. The conduction us
channel dominated. ‘Die channel can be a surface in one
plane in planar devices. The surface can also he on the

2
sidewalls in a vertical device. Other device architectures to
combine planar and vertical conductions are also possible.
The maximum frequency of operation is dictated primarily
by source-drain separation distance. Most MOS devices use

5 a uniformly doped substrate (or a well region). When a
MOSFET is optimally integrated with a BJT in a monolithic
fashion, an IGBT results. The IGBT inherits the advantages
of both MOSFET and BJT. It also brings new challenges
because the required characteristics (electron transit and
hole recombination as fast as possible in n-channel IGBT)
necessitate different dopant gradients either in the same
layer at diflérent positions, or at the interfhces of similar or
dissimilar layers.

Retrograde wells have been attempted, with little success.
to help improve soft error immunity in SRAMs and visual
quality in imaging circuits. FIG. 3A shows a typical CMOS
VLSI device employing a twin well substrate. on which
active devices are subsequently fabricated. FIGS. 3R 3C,
and 3D illustrate device cross sections. as practiced today.

20 Retrograde and halo wells have also been attempted to
improve refresh time in DRAMs (dynamic random- access
memories), as well as, reducing dark current (background
noise) and enhance RGB (Red. Green. Blue) color resolution
in digital camera ICs. Most of these techniques either divert

25 the minority carriers away from the active regions of critical
charge storage nodes at the surface, or, increase minority
carrier density locally as the particular application reqtures.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven
tion, and the advantages thereof, reference is now made to
the following descriptions taken in conjunction with the
accompanying drawings, in which:

35 FIG. 1 illustrates the relative doping profiles of emitter,
base and collector for the two most popular bipolar junction
transistors: namely. uniform base (“A”) and graded base
(“B”):

FIG. 2 illustrates the cross section of a commercial IGBT
40 with a unifomi epitaxial drift region (base):

FIGS. 3A. 3B, 3C, and 3D illustrate cross sections of
commonly used prior art CMOS silicon substrates: FIG. 3A
showing a typical prior art IC with two wells (one ui’well in
which p-channel transistors are subsequently fabricated and

45 one pwell in which n-channel transistors are subsequently
fabricated); FIG. 3B showing a prior art EEPROM (Elec
tronically Erasable Programmable Read-Only Memory)
rneniOrv cell having a tunnel insulator; FIG. 3C showing a
prior art DR.MvI memory cell: and FIG. 3D showing a prior

50 art NAND flash memory cell;
FIG. 4 illustrates the cross section of an IGBT. using one

embodiment of the invention described here, where the
dopant is optimally graded in the epitaxial drift region; and

FIGS. 5A. SB. and 5C illustrate the cross sections of a
55 CMOS silicon substrate with two wells and an underlying

layer using embodiments of the invention to improve per
formance in each application—VLSI logic. DRAM’image
IC, nonvolatile memory IC.

DETAILED DESCRIPTION

The relative doping concentrations of emitter and collec
tor regions varies from 1018 to 1020/cm3, whereas the base
region is 1014 to 1016/cm3 depending on the desired char

65 acteristics of the BIT. In graded base p-n-p transistors, the
donor dopant coticentration may be 10 to lOOx at the
emitter-base junction, relative to the base-collector junction
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3
(lx). The gradient can be linear, quasi linear, exponential or

complimentary error function. The relative slope of the

donor concentration throughout the base creates a suitable

aiding drift electric field, to help the holes (p-n-p transistor)

transverse frons emitter to collector. Since the aiding drift

electric field helps hole conduction, the current gain at a

given frequency is enhanced, relative to a uniformly-doped

(base) BiT. The improvement in cut-off frequency (or.

frequency at unity gain. can be as large as 2x-5x. Similar

perlbrmance improvements are also applicable to n-p-n

transistors.
As illustrated in FIG. 4. in one embodiment accorditsg to

the invention, a donor gradient is established frons the

emitter-drift epitaxial base region junction of the punch-

through IGBT. to the drift epitaxial base region—n buffer

layer boundary (electrons in this case are accelerated in their

transit from emitter to collector). The “average” base resis

tance is optimized so that conductivity modttlation and

lifetime (for minority carriers) in tlse base regiott are itot

compromised. By sweeping the carriers towards the n

buffer regiots a number of advaittages are obtained. First, the

freqttency of operation (combination of t0,, and t011 as is

known in the IGBT commercial nomenclature) can be

enhanced. Second. and maybe more importantly. during t0

holes can be recombined tnttch quicker at the n buflbr layer.

contpared to the uniformly doped tfepitaxial drift region by

establishing a different dopant gradient itear the n buffer

layer. It shutild be noted that the drift region can also be a

non-epitaxial silicon substrate. Although epitaxy enhances

lifetitne, it is ttot mandatoty. Different layers of dopant

regions can be transferred through wafer to wafer bonding

(or other sinular transfer mechanisms) for eventttal devtce

fabrication. The “reverse recovery time” for an lust is

significantly improved dtte to the optimized graded dopant

in the so called “drift region” as well as at the interfaces of

the drift region. Graded dopants can also be implemented in

the n buffer layer as well as other regions adjacetst to the

respective layers. Two important perfonnanee etthattee

ments are the result of dopant gradients. For example. in an

n-channel lOST, electrons con be svept from source to drain

rapidly. while at the same time holes can be recombined

closer to tlte n bufibr layer. This can improve t0,, and t011in

the same device.
As illustrated in FIGS. 5A, 511. and SC. donor gradient is

also of benefit to very large scale integrated circuits 45

(VLSI)—VLSI logic. DRAM. nonvolatile memory like

NAND flash. Spurious minority carriers catt be generated by

clock switching in digital VLSI logic and memory ICs.

These ttnwanted carriers can discharge dynansically-held

“actively held Itigh” nodes. In most cases, statically-held 5’)

nodes (with VOL.) cannot be affected. Degradation of refresh

tinse in DRAMs is one of the results, because the capacitor

holds charge dynamically. Similarly. degradation of CMOS

digital images in digital imaging ICs is another result of the

havoc caused by minority carriers. Pixel and color resolution 55

can be sigttificarttly enhanced in imaging ICs with the

entbodiments described herein. Creating “subterranean”

recotnbinatiott cetiters uisderneath the wells (gold doping.

platinum doping) as is done in some high-voltage diodes is

not praettcal for VLSI circuits. Hence, a novel tecluuque is so

described herein which creates a drill field to sweep these

unwanted minority carriers from the active circuitry at the

surface into the substrate in a monolithic die as quickly’ as

possible. In a preferred embodiment, the subterranean

tf layer has a graded donor concentration to sweep the 65

minority carriers deep into the sttbstrate. One or more of

such layers can also he implemented through wafer to wafer

4
boisding or similar “transfer” tneehatsisms. This if layer can

he a deeply-implanted layer. It can also he an epitaxial layer.

As desired, the nwell and pwells can also be graded or

retrograded in dopants to sweep those carriers away from the

5 surface as well. The graded dopant can also be insplensented

in surface channel MOS devices to accelerate majority

carriers towards the drain. To decrease progranmting time its

tionvolatile memory devices, carriers should be accelerated
towards the surthee when programming of memory cells is

to executed. The graded dopant can also he used to fabricate

superior Junction Field—Effect transistors where the “channel

pinch-oft” is controlled by a graded elsamsel instead of a

uniformly doped channel (as practiced in the prior art).
One of ordinary skill and familiarity in the art will

ts recognize that the concepts taught herein can be costontized

and tailored to a partteular application in many advanta

geous ways. For instance, minority carriers can be chatmeled

to the sttrfaee to aid programming in nonvolatile memory

devices (NOR. NAND. ntttltivaloed-cell). Moreover. single-

20 well, and triple-well CMOS fabrication techniques can also

be optitnized to incorporate these embodimettts individually

and collectively. Any modifications of such embodiments

(described here) fall within the spirit and scope of the

invetttion. Settee, they fall ; ithin the scope of the claims

25 described below.
Although the invention has been described with reference

to specific ensbodinsents, these descriptions are not meant to

be eonstnted in a limiting sense. hrious modifications of the

disclosed embodiments, as well as alternative entbodimems

3” of the invention will become apparent to persons skilled in

the art upon reference to the description of the invention. It

shosild be appreciated by those skilled in the art that the
eonceptiott and the specific entbodiinent disclosed tttay be

readily utilized as a basis for modifying or designing other

35 stnictstres for carrying out the same purposes of the presetit

itsvention. It sboold also be realized by those skilled in the

art that such eqstivalent constructions do not depart from the

spirit and scope of the inventiott as set forth in the appended

claims.
4’) It is therefore. cotstetssplated that the claims will cover any

sods tnodifieatiotss or etnboditnents that fall within the true

scope of the invention.

What is clabned is:
1. A semiconductor device, comprising:
a substrate of a first doping type at a first doping level

havittg first and second sot-fttces:
a first active region disposed adjacent the first surface of

the sobstrate with a second doping type opposite itt

eondoetivity to the first doping type and within which

transistors can be formed:
a second active region separate from the first active region

disposed adjacent to the first active region and within
which transistors can be formed;

tratssistors fortned in at least one of the first active region

or second active region; and
at least a portion of at least one of the first and second

active regions having at least otse graded dopant con
centration to aid carrier tnnveinent frntn die first sur

face to the second surface of the substrate.
2. The semicondoctor device of claim 1, wherein the

substrate is a p-type substrate.
3. The semiconductor device of claim 1, wherein the

substrate is an n-type substrate.
4. The semiconductor device of claim 1. wherein the

substrate has epitaxial silicon on top of a nonepitaxial

substrate.
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5. The semiconductor device of claim 1. wherein the first
active region and second active reginn contain one of either
p-channel and n-channel devices.

6. The semiconductor device of claim 1. wherein the first
active region and second active region contain either p-chan
nd or n-channel devices in n-wells or p-wells, respectively.
and each well has a graded dopant.

7. The semiconductor device of claim 1, wherein the first
active region and second active region are each separated by
at least one isolation region.

8. the semicondnctor device of claim 1. wherein the
graded dopant is fabricated with an ion implantation pro
cess.

9. A semiconductor device, comprising:
a substrate of a first doping type at a first doping level

having first and second surfaces:
a first active region disposed adjncent the first surface of

the substrate with a second doping type opposite in
conductivity to the first doping type and within which
transistors can be fanned in the surface thereof;

a second active regian separate from the first active region
disposed adjacent to the first active region and within
which transistors can be formed in the surface thereaf;

transistors formed in at least one of the first active region
or second active region; and

at least a portion of at least one of the first and second
active regions having at least one graded dopant con
centration to aid carrier movement from the surlhce to
the substrate.

6
10. The semiconductor device of claim 9. wherein the

substrate is a p-type substrate.
11. The semiconductor device of claim 9, wherein the

substrate is an n-type substrate.
12. The semiconductor device of claim 9. wherein the

substrate has epitaxial silicon on top of a nonepitaxial
substrate.

13. The semiconductor device of claim 9, wherein the first
active region and second active region contain at least one
of either p-channel and n-channel devices.

14. The senuconductor device of claim 9. wherein the first
active region and second active regian contain either p —chan
nel or n-channel devices in n-wells or p-wells, respectively.

- and each well has a graded dopant.
15. The seancondoctor device of claim 9. wherein the first

active region and second active region are each separated by
at least one isolation region.

16. The semiconductor device of claim 9. wherein the

,
graded dopant is fabricated with an ion implantation pro-
cess.

17. The semiconductor device of claim 1. wherein the first
and second active regions are farmed adjacent the first
surface of the substrate.

18. The semiconductor device of claim 1. wherein the
transistors which can be fonned in the first and second active
regions are CMOS transistors requiring a source, a drain, a
gate and a chamiel region.

* * * * *
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SEMICONDUCTOR DEVICES WITh
GRADED DOPANT REGIONS

CROSS-REFERENCE 10 RELAI’ED
APPI .ICA’TIONS

This application is a Continuation of U.S. patent appli
cation Ser. No. 15/590.282. filed May 9,2017, published on
Aug. 24. 2017, as U.S. Publication No. 2017-0243876.
application Ser. No. 15/590.282 is a continuation of U.S.
patent application Ser. No. 14/931,636, filed Nov. 3, 2015.
published on Jun. 16, 2016 as U.S. Publication No. 2016-
0172447, now U.S. Pat. No. 9.647.070. issued on May 9,
2017. Application Ser. No. 14/931,636 is a continuation of
U.S. patent application Ser. No. 14/515.584, filed Oct. 16,
2014, published on Feb. 5, 2015, as U.S. Publication No.
2015-0035004, U.S. Pat. No. 9,190,502. issued on Nov.
17, 2015. Application Ser. No. 14/515.584 is a Continuation
of U.S. patent application Ser. No. 13/854.319 filed Apr. 1,
2013, published on Aug. 29. 2013. as U.S. Publication No.
2013-0221488. Application Ser. No. 13/854,319 is a Con
tinuation of Ser. No. 11/622,496, filed Jan. 12, 2007, pub
lished on Jul. 12. 2007, as Publication No. 2007-01 58790.
now U.S. Pat. No. 8.421,195, issued on Apr. 16, 2013.
Application Ser. No. 11/622.496, is a Division ofU.S. patent
application Ser. No. 10/934,915, filed Sep. 3, 2004, pub
lished on Mar. 9. 2006. as U.S. Publication No. 2006-
0049464. U.S. Pat. Nos. 9.647,070. 9,190.502. and 8.421.
195, and Patent Application Publication Nos. 2017-
0243876, 2016-0172447, 2015-0035004. 2013-0221488.
2007-0158790, and 2006-0049464, are incorporated herein
by reference in their entirety.

TECHNICAL FIELD

This present invention relates to all semiconductor
devices and systems, Particularly it applies to diffused
diodes, avalanche diodes. Schottky devices, power MOS
transistors. JFET’s, RF bipolar transistors. IGBTs (Insulated
Gate Bipolar Transistors). varactors. digital VLSI, mixed
signal circuits and sensor devices including camera ICs
employing CCD (Charge Coupled Device) as well as CMOS
technologies.

BACKGROUND

Bipolar Junction Transistors (BJT) are classified as minor
ity carrier devices because minority carriers are the principle
device conduction mechanism. However, majority carriers
also play a small but finite role in modulating the conduc
tivity in BJIs. Consequently, both carriers (electrons and
holes) play a role in the switching performance of BJTs. The
maximum frequency of operation in BJTs is limited by the
base transit time as well as the quick recombination of the
majority carriers when the device is switched off (prior to
beginning the next cycle). The dominant carrier mechanism
in BJTs is carrier diffusion. The carrier drift current com
ponent is fairly small, especially in uniformly doped base
BiTs. Efihrts have been made in graded base transistors to
create an aiding drift field to enhance the diffusing minority
carrier’s speed from emitter to collector. However, most
semiconductor devices, including various power MOSFETs
(traditional. DMOS. lateral, vertical and a host of other
configurations), IGBT’s (Insulated Gated Base Transistors).
still use a uniformly doped ‘drift epitaxial’ region in the 65
base. FIG. 1 shows the relative doping concentration versus
distance in a BIT. FIG. 2 shows the uniformly doped epi

2
region in an IGBT. In contrast to l3JTs, MOS devices are
majority carrier devices for conduction. The conduction is
channel dominated. The channel can be a surface in one
plane in planar devices. The srtrface cats also be on the
sidewalls in a vertical device. Other device architectures to
combine planar and vertical conductions are also possible.
The maximuns frequency of operation is dictated priinarily
by source-drain separation distance. Most MOS devices use
a uniformly doped substrate (or a well region). V/hen a

t° MOSFET is optimally integrated with a BiT in a motiolithic
fashion, an IGB’F results. The IGB1 inherits the advantages
of both MOSFET and BIT. It also brings new challenges
because the required characteristics (electron transit and
hole recombination as fast as possible in n-chaiusel IGBT)

t5 necessitate different dopant gradients either in the same
layer at different positions, or at the interfaces of similar or
dissimilar layers.

Retrograde wells have been attempted. with little success.
to help improve soft error immunity in SRAMs and visual

20 quality in imaging circuits. FIG. 3A shows a typical CMOS
VlSI device employing a twin well substrate, on which
active devices are subsequently fabricated. FIGS. 3B, 3C.
and 3D illustrate device cross sections. as practiced today.
Retrograde and halo wells have also been attempted to

25 improve refresh time in DRAMs (dynamic random—access
memories), as well as, reducing dark curreilt (background
iloise) and enhance RGB (Red. Green. Blue) color resolution
in digital camera ICs. Most of these techniques either divert
the minority carriers away from the active regions of critical

31:) charge storage nodes at the surface, or, increase minority
carrier density locally as the particular application requires.

BRIEF DESCRIPTION OF THE DRAWINGS

35 For a more complete understanding of the present inven
tion, and the advantages thereof, reference is now made to
the following descriptions taken in conjunction with the
accompatsying drawings, in which:

FIG. 1 illustrates the relative doping profiles of emitter.
40 base and collector for the two most popular bipolar junction

transistors: namely, uniform base (“A”) and graded base
(“B”):

FIG. 2 illustrates the cross section of a consmercial IGBT
with a utnifonn epitaxial drift region (base):

45 FIGS. 3.’\. 3B. 3C. and 3D illustrate cross sections of
commonly used prior art CMOS silicon substrates: FIG. 3A
showing a typical prior art IC with two wells (one n well
in which p—channel transistors are subsequently fabricated
and one p well in which n-channel transistors are subse

5’) quently fabricated): FIG. 3B showing a prior art EEPROM
(Electronically Erasable Programmable Read-Only
Memory) memory cell having a tunnel insulator: FIG. 3C
showing a prior art DRAM memory cell; and FIG. 3D
showing a prior art NAND flash memory cell:

55 FIG. 4 illustrates the cross section of an IGBI’. using one
embodiment of the invention described here, where the
dopant is optimally graded in the epitaxial drift region; and

FIGS. 5A. SB. and SC illustnmte the cross sections of a
CMOS silicon substrate with two wells and an underlying

60 layer using embodiments of the invention to improve per
formance in each applicatioo—VLSI logic. DRAlYliimage
IC. nonvolatile memory IC.

DETAILED DESCRIPTION

the relative doping concentrations of emitter and collec
tor regions varies from 1f)iS to 1020/cm3, whereas the base
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3
region is 1014 to I 0151cm3 depending on the desired char
acteristics of the RJT. In graded base p-n-p transistors, the

donor dopant concentration may be 10 to 100x at the

emitter—base jonction, relative to the base-collector junction

(lx). The gradient can be linear, quasi linear exponential or

complimentary error function. The relative slope of the

donor concentration throughout the base creates a suitable

aidiisg drift electric field, to help the holes (p-n-p transistor)

transverse from emitter to collector Since the aiding drill

electric field helps hole conduction, the current gain at a

given frequency is enhanced, relative to a unifonnly-doped

(base) BiT. The improvement in cut-off frequency (or

frequency at unity gain, can be as large as 2x-5x. Similar

performance improvements are also applicable to n-p-n

transistors.
As illustrated in FIG. 4. in one embodiment according to

the invention, a donor gradient is established from the

emitter-drift epitaxial base region junction of the punch—

through IGBT. to the drift epitaxial base region—n buffer

layer boundary (electrons in this case are accelerated in their

transit from emitter to collector). The “average” base resis

tance is optimized so that conductivity modulation and

lifetime (for minority carriers) in the base region are not

compromised. By sweeping the carriers towards the n

buffer region a number of advantages are obtained. First, the

frequency of operation (combination of t0,, and t0 as is

known in the tORT eoniniercial nomenclature) can be

enhanced. Second. and maybe more importantly. donng t09

holes can be recombined niuch quicker at then buffer layer

compared to the uniformly doped n epitaxial drift region by

establishing a difl’erent dopant gradient near the n buffer

layer. It should be noted that the drift region can also be a

non-epitaxial silicon substrate. Although epitaxy enhances

lifetime, it is not mandatory. DifiCrent layers of dopant

regions can be transferred through wafer to wafer bonding

(or other similar transfer mechanisms) for eventual device

fabrication. The “reverse recovery time” for an IGBT is

significantly improved due to the optimized graded dopant

in the so called “drift region” as well as at the interfaces of

the drift region. Graded dopants can olso be implemented in

the n buffer layer as well as other regions adjacent to the

respective layers. Two important pertbrmanee enhance

ments are the result of dopant gradients. For example. in an

n-channel IOBT. electrons can be swept from source to drain

rapidly. while at the same time holes can be recombined 45

closer to the n buffer layer This can improve g and in

the same device.
As illustrated in FIGS. 5A. SB. and SC. donor gradient is

also of benefit to very large scale integrated ciretuts

(VI.Sl)—VlSt logic. DRAM. nonvolatile memory like 5’)

NAND flash. Spurious minority carriers can be generated by

clock switching in digital VLSI logic and memory ICs.

These unwanted carriers can discharge dynamically-held

“actively held high” nodes. hi most cases, statically-held

nodes (with Va,) camiot be affected. Degradation of refresh 55

tinie in DRAMs is one of the results, because the capacitor

holds charge dynamically. Sinularly. degradation of CMOS

digital images in digital imaging ICs is another result of the

havoc caused by minority carriers. Pixel and color resolution

can be significaistly enhanced in imaging ICs with the so

embodiments described herein. Creating “subterranean”

recombination centers undemeath the wells (gold doping.

platinum doping) as is done in some high-voltage diodes is

not practical for VLSI circuits. Hence, a novel technique is

described herein which creates a drift field to sweep these 65

unwanted minority carriers from the active circuitry at the

surface into the substrate in a monolithic die as quickly as

4
possible. In a preferred embodiment. the subterranean W

layer has a graded donor concentration to sweep the minor

ity carriers deep into the substrate. One or more of such

layers can also be implemented through wafer to wafer

bonding or similar “transfer” mechanisms. This n layer can

be a deeply-implanted layer. It can also be an epitaxial layer.

As desired. the n well and p wells can also be graded or

retrograded in dopants to sweep those carriers away from the

- surface as well. The graded dopant can also be iinpleniented

in surface channel MOS devices to accelerate majority

carriers towards the drain. To decrease programming time in

nonvolatile memory devices, carriers should he accelerated

towards the surface when progranuning of memory cells is

executed. The graded dopant can also be used to fabricate

- superior Junction Field-Effect transistors where the “channel

pinch-off” is controlled by a graded channel instead of a

unifomily doped channel (as practiced in the prior art).

One of ordinary skill and familiarity in the art will

2’) recognize that the concepts taught herein can be eustonuzed

and tailored to a particular application in many advanta

geous ways. For instance, minority carriers can be ehamieled
to the surface to aid programming in nonvolatile memory

devices (NOR. NANI). multivalued-eell). Moreover single-

25 well, and triple-well CMOS lubrication techniques can also

be optinuzed to incorporate these embodiments individually
and collectively. Any modifications of such embodiments

(described here) fall within the spirit and scope of the

invention. [-tenee, they hill within the scope of the claims

30 described below.
Although the invention has been described with reference

to specific embodiments, these descriptions are not meant to
be cunstnied in a limiting sense. Various modifications of the

disclosed einbodimetsts, as well as alternative embodimems

35 of the invention will become apparent to persons skilled in

the art opon reference to the description of the invention. It

should be nppreeinted by those skilled in the art that the

conception and the specific embodiment disclosed may be

readily utilized as a basis for niodifying or designing other

40 structures for carrying out the same purposes of the present

invention. It should also be realized by those skilled in the

art that such equivalent constructions do not depart from the

spirit and scope of the invention as set forth in the appended
claims.

It is therefore, contemplated that the elaints will cover any

such modifications or embodiments that fall within the true

scope of the invention.

What is claimed is:
1. A semiconductor device, comprising:
a substrate of a first doping type at a first doping level

having first and second surfaces:
a first active region disposed adjacent the first surhice of

the substrate with a second doping type opposite hi

conductivity to the first doping type and within which
transistors camm be formed:

a second active region separate from the first active region

disposed adjacent to the first active region and within
which transistors can he fimrmed:

transistors fornsed in at least one of the first active region
or secund active region:

at least a portion of at least one of the first and second
active regions having at least one graded dopant con
centration to aid carrier nioventent froni the first sur

face to the second surface of the substrate: and
at least one well region adjacent to the first or second

active region containing at least nne graded dopant
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region, the graded dopant region to aid carrier move
ment from the first surface to the second surface of the
substrate.

2. The semiconductor device of claim 1. wherein the
substrate is a p-type substrate. 5

3. The semiconductor device of claim 1. wherein the
substrate has epitaxial silicon on top of a nonepitaxial
substrate.

4. The semiconductor device of claim 1. wherein the first
active region and second active region contain one of either ta

p-chamnel and n-chaimel devices.
5. The semiconductor device of claim 1. wherein the first

active region and second active region contain either p-chan
nel or n-channel devices in n-wells or p-wells, respectively.
and each well has at least one graded dopant. is

6. The semiconductor device of claim 1. wherein the first
active region and second active region are each separated by
at least one isolation region.

7. The semiconductor device of claim 1, wherein the
graded dopant is fabricated with an ion implantation pro
cess.

8. The semiconductor device of claim 1, wherein the first
and second active regions are formed adjacent the first
surface of the substrate.

9. The semiconductor device of claim 1, wherein dopants
of the graded dopant concentration in the first active region
or the second active region are either p-type or n-type.

10. The semiconductor device of claim 1. wherein dup
ants of the graded dopant concentration in the first active
region are both p-type and n-type.

11. The semiconductor device of claim 1, wherein dopants
of the graded dopant concentration in the second active
region are both p-type and n-type.

12. The semiconductor device of claim 1. wherein dop
ants of the graded dopant region in the well region are both
p-type and n-type.

13. The semiconductor device of claim 1, wherein the
transistors which can be formed in the first and second active
regions are CMOS transistors requiring at least a source, a
drain, a gate and a channel.

14. The semiconductor device of claim 1, wherein the
device is a dynamic random access memory (DRAM).

15. The semiconductor device of claim 1, wherein the
device is a complementary metal oxide semiconductor
(CMOS) with a nonepitaxial substrate.

t6. The semiconductor device of claim 1. wherein the
device is a flash memory.

17. The semiconductor device of claim 1. wherein the
device is a logic device.

18. The semiconductor device of claim 17. wherein the
device is central processing unit.

19. The semiconductor device of claim 1. wherein the
device is an image sensor.

20. A semiconductor device. comprising:
a substrate of a first doping type at a first doping level

having first and second surfaces:
a first active region disposed adjacent the first surface of

the substrate with a second doping type opposite in
conductivity to the first doping type and within which
transistors can be formed in the surface thereof:

6
a second active region separate from the first active region

disposed adjacent to the first active region and within
which transistors can be formed in the surface thereof:

transistors formed in at least one of the first active region

or second active region;
at least a portion of at least one of the first and second

active regions having at least one graded dopant con
centration to aid carrier movensent frons the surface to
the substrate: and

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move
ment from the first surface to the second surface of the
substrate.

21. The semiconductor device of claim 20. wherein the
substrate is an n-type substrate.

22. The semiconductor device of claim 20. wherein the
substrate is a p-type substrate.

23. The semiconductor device of claim 20. wherein the
— substrate has epitaxial silicon on top of a nonepitaxial

substrate.
24. The semiconductor device of claim 20. wherein the

first active region and second active region contain at least
one of either p-channel and n-channel devices.

25. The semiconductor device of claim 20, wherein the
first active region and second active region contain either
p-channel or n-channel devices in n-wells or p-wells, respec
tively. and each well has at least one graded dopant.

31 26. The semiconductor device of claim 20. wherein the
- first active region and second active region are each sepa

rated by at least one isolation region.
27. The semiconductor device of claim 20. wherein dop

ants of the graded dopant concentration in the first active
region or the second active region are either p-type or
n-type.

28. The semiconductor device of claim 20, wherein dop
ants of the graded dopant concentration in the first active
region are both p-type and n-Type.

29. The semiconductor device of claim 20. wherein dop
ants of the graded dopant concentration in the second active
region are both p-type and n-type.

30. The semiconductor device of claim 20, wherein dop
ants of the graded dopant region in the well region are both

4S p-type and n-type.
31. The semiconductor device of claim 20. wherein the

graded dopant is fabricated with an ion implantation pro
cess.

32. The semiconductor device of claim 20. wherein the
Si) substrate is a complementary metal oxide semiconductor

(CMOS) device.
33. The semiconductor device of claim 20. wherein the

device is a flash memory.
34. The semiconductor device of claim 20. wherein the

device is a logic device.
35. The semiconductor device of claim 34. wherein the

device is central processing unit.
36. The semiconductor device of claim 20. wherein the

device is an image sensor.

* * * * *
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SEMICONDUCTOR DEVICES WITh

GRADED DOPANT REGIONS

CROSS-REFERENCE 10 REI.AFED
APPlICATIONS

This application is a Continuation of U.S. patent appli

cation Ser. No. 16,717.950. filed Dec. 17. 2019. which this

a Continuation of U.S. patent application Ser. No. 15/590.

282. filed May 9. 2017. which is a Continuation of U.S.

patent application Scr. No. 14/931,636. filed Nov.3. 2015.

which is Continuation of U.S. patent application Ser. No.

14/515.584. filed Oct. 16, 2014, which is a Continuation of

U.S. patent application Ser. No. 13/854.319 filed Apr. 1,

2013, which is a Continuation of Ser. No. 11/622,496. filed 15

Jan. 12, 2007, which is a Divisional of U.S. patent applica

tion Ser. No. 10/934.9 15. filed Sep. 3.2004. The disclosures

of which are incorporated herein by reference in their

entirety.

TECHNICAL FIELD

This present invention relates to all semiconductor

devices and systems. Particularly it applies to diffused

diodes, avalanche diodes. Schottky devices, power MOS

transistors, JFFT’s. RF bipolar transistors. IGBTs (Insulated

Gate Bipolar Transistors), varactors. digital VLSI. mixed

signal circuits and sensor devices including camera ICs

employing CCD (Charge Coupled Device) as well as CMOS

teclmologies.

BACKGROUND

Bipolar Junction Transistors (BJT) are classified as minor

ity carrier devices because minority earners are the principle

device conduction mechanism. IIowev er. majority earners

also play a small but finite role in modulating the conduc

tivity in BJTs. Consequently. both carriers (electrons and

holes) play a role in the switching performance of BiTs. The

maximum frequency of operation in BJTs is limited by the

base transit time as well as the quick recombination of the

majority carriers when the device is switched oil (pnor to

beginning the next cycle). The dominant carrier mechanism

in BJTs is carrier diffusion. The carrier drift current coin

ponent is fairly small, especially’ in uniformly doped base

BiTs. Efibris have been made in graded base transistors to

create an aiding drift field to enhance the diffusing minority

carrier’s speed from emitter to collector. However, most

semiconductor dcviccs, including various power MOSFETs

(traditional. DMOS. lateral, vertical and a host of other

configurations). IGBT’ s (Insulated Gated Base Transistors).

still use a uniformly doped ‘drift epitaxial’ region in the

base. FIG. I shows the relative doping concentration versus

distance in a BiT. FIG. 2 shows the uniformly doped epi

region in an IGBT. In contrast to BJTs. MOS devices are

majority carrier devices for conduction. The conduction is

channel dominated. The channel can be a surface in one

plane in planar devices. The surf/ice can also be on the

sidewalls in a vertical device. Other device architectures to

combine planar and vertical conduetions are also possible.

The maximum frequency of operation is dictated primarily

by source-drain separation distance. Most MOS devices use

a uniformly doped substrate (or a well region). When a

MOSFET is optimally integrated with a BiT in a monolithic

fashion, an IGBT results. The IGBT inherits the advantages

of both MOSFET and BIT. It also brings new challenges

because the required characteristics (electron transit and

2
hole recombination as fast as possible in n-channel IGRT)

necessitate different dopant gradients either in the same

layer at different positions, or at the interfaces of similar or

dissinnilar layers.
Retrograde wells have been attempted. with little success.

to help improve soft error immunity in SR,AlvIs and visual

quality in imaging circuits. FIG. 3A shows a typical CMOS

VLSI device employing a twin well substrate, on winch

active devices are subsequently fabricated. FIGS. 3B. 3C.

and 3D illustrate device cross sections. as practiced today.

Retrograde and halo wells have also been attempted to

improve refresh time in DRAMs (dynamic random-access

memories), as well as, reducing dark current (background

noise) and enhance RGB (Red. Green. Blue) color resolution

in digital camera ICs. Most of these techniques either divert

the minority carriers away from the active regions of critical

charge storage nodes at the surface, or, increase minority

carrier density locally as the particular application requires.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven

tion. and the advantages thereof, reference is now made to

25 the töllowing descriptions taken in conjunction with the

accompanying drawings. in which:

FIG. I illustrates the relative doping profiles of emitter.

base and collector for the two most popular bipolar junction

transistors: namely, uniform base (“A”) and graded base
3) (“B”):

FIG. 2 illustrates the cross section of a commercial IGBT

with a unifonri epitaxial drift region (base):
FIGS. 3A. 3B .3C. and 3D illustrate cross sections of

commonly used prior art CMOS silicon substrates: FIG. 3A
35 showing a typical prior art IC with two wells (oite nwell in

which p-channel transistors are subsequently fabricated and

one pweIl in which n-channel transistors are subsequently

fabricated): FIG. 3B showing a prior art EEPROM (Elec

tronically Erasable Programmable Read-Only Memoiy)
4’) memory cell having a tunnel insulator: FIG. 3C showing a

prior art DRAIvI memory cell: and FIG. 3D showing a prior

art NANI) flash memory cell:
FIG. 4 illustrates the cross section of an IGBT. using one

embodiment of the invention described here, where the
45 dopant is optimally graded in the epitaxial drift region: and

FIGS. SA. 5B. and SC illustrate the cross scctions of a
CMOS silicon substrate with two wells and an underlying

layer using embodiments of the invention to improve per
formance in each applicatiou—VLSI logic. DRAIVI’iinage

5: IC. nonvolatile memory IC.

DETAILED DESCRIPTION

The relative doping concentrations of emitter and collec

ss tor regions varies from 1018 to 1020/cm3, whereas the base

region is 1014 to l016/cm3 depending on the desired char

acteristics of the BJT. In graded base p-it-p transistors, the

donor dopant coitcentration may be 10 to lOOx at the

emitter—base junction. relative to the base—collector junction

60 (lx). The gradient can be linear. quasi linear, exponential or

complimentary error function. The relative slope of the

donor concentration throughout the base creates a suitable

aiding drift electric field, to help the holes (p-n-p transistor)

transverse from emitter to collector. Since the aiding drift

65 electric field helps hole conduction. the current gain at a
given frequency is enhanced, relative to a unifonnly-doped

(base) B.tT. The improvement in cut-oil’ frequency (or.
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frequency at unity gain, f) can be as large as 2x-5x. Similar
performance improvements are also applicable to n-p-n
transistors.

As illustrated in FIG. 4, io one embodiment according to
the invention, a donor gradient is established from the
emitter-drift epitaxial base region junction of the punch-
through IGBT. to the drift epitaxial base region n buffer
layer boundary (electrons in this case are accelerated in their
transit from emitter to collector). The “average” base resis
tance is optimized so that conductivity modulation and
lifetime (for minority carriers) in the base region are not
compromised. By sweeping the carriers towards the n
buffer region a number of advantages are obtained. First, the
frequency of operation (combination of t01, and t011 as is
known in the IGBT commercial nomenclature) can be
enhanced. Second. and maybe more importantly. during t015,
holes can be recombined much quicker at the n bufibr layer.
compared to the uniformly doped ifepitaxial drift region by
establishisig a different dopant gradient ssear the n buffer
layer. tt should be noted that the drift region can also be a
non-epitaxial silicon substrate. Although epitaxy enhances
lifetime, it is not mandatory. Different layers of dopant
regions can be transferred through wafer to wafer bonding
(or other similar transfer mechanisms) for eventual device
fabrication. The “reverse recovery time” for an IGBT is
significantly improved due to the optimized gmded dopant
in the so called “drift region” as well as at the interfaces of
the drill region. Graded dopants can also be implemented its
the n buffer layer as well as other regions adjacent to the
respective layers. Two important performance eithanee
ments are the result of dopant gradients. For example. in an
n-channel IGBT, electrons can be swept from source to drain
rapidly. while at the same time holes can be recombined
closer to tlse n” buffer layer. This can improve t0,, and t0in
the same device. 35

As illustrated in FIGS. SA, SB, and SC. donor gradient is
also of benefit to very large scale integrated circuits
(VLSI)—VLSI logic, DRAM, nonvolatile memory like
N.\ND flash. Spurious minority carriers can be genemted by
clock switching in digital VLSI logic aisd memory ICs. 40
‘these unwanted carriers can discharge dynamically-held
“actively held high” nodes. In most eases, statically-held
nodes (with V) caimot be affected, Degradation of refresh
time in DRAMs is one of the results, because the capacitor
holds charge dynamically. Similarly, degradation of CMOS 45
digital images in digital imaging tCs is another result of tlse
havoc caused by minority carriers. Pixel and color resolution
can be significantly enhanced in imaging ICs with the
embodimes3ts described herein. Creating “subterranean”
reeombination centers underneath the wells (gold doping. so
platinum doping) as is done in some high-voltage diodes is
not practical for VLSt circuits. Hence, a novel technique is
described herein which creates a drift field to sweep these
unwanted minority carriers from the active circuitry at the
surface into the substrate in a monolithic die as quickly as 55
possible. tn a preferred embodiment, tlse subterranean
olayer has a graded donor concentration to sweep the
minority carriers deep into tise substrate. One or more of
such layers can also he implemented through wafer to wafer
bonding or similar “transfer” mechanisms. This niayer can so
be a deeply-implanted layer. It can also be an epitaxial layer.
As desired, the n’well and pwells can also be graded or
retrograded in dopants to sweep those carriers away from the
surface as well. The graded dopant can also be implemented
in surface channel MOS devices to accelerate majority
carriers towards the drain. ‘lb decrease programming time in
nonvolatile memory devices, carriers should he accelerated

4
towards the surface wlsesi programming of memory cells is
executed. The graded dopant eais also be used to fabricate
superior Junction Field-Effect transistors where the “channel
pinch-off’ is controlled by a graded channel instead of a

5 uniformly doped channel (as practiced in the prior art).
One of ordinary skill and familiarity in the an will

recognize that the concepts taught herein can be custo mized
and tailored to a particular application in many advanta
geous ways. For instance, minority carriers can be channeled
to the surface to aid programming in nonvolatile memory
devices (NOR. NAND. multivalued-cell). Moreover. single-
well, and triple-well CMOS fabrication techniques can also
be optimized to incorporate these embodiments individually
and collectively. Any modifications of such embodiments
(described here) fall within the spirit and scope of the
invention. Hence, they fall within the scope of the claims
described below.

Although the invention has been described with reference
20 to specific embodiments, these deseriptioiss are not meant to

be eonstnied in a limiting seisse. Various modifications of the
disclosed embodiments, as well as alternative embodiments
of the invention will become apparent to persons skilled in
the art upon reference to the description of the invention. It

25 should be appreciated by those skilled in the art that the
conception and the specific embodiment disclosed may be
readily utilized as a basis for modifying or designing other
sinietures for carrying out the saisie purposes of the present
invention. It should also be realized by those skilled in the

3u art that such equivalent constructions do not depart from the
spirit and scope of the invention as set forth in the appended
claims.

It is therefore, contemplated that the claims will cover any
such modifications or embodiments that fall within the true
scope of the invention.

What is elainsed is:
1. A VLSI semiconductor device, comprising:
a substrate of a first doping type at a first doping level

having a surface;
a first active region disposed adjacent the surface with a

second doping type opposite in conductivity to the first
doping type and within which transistors can be
formed:

a second active region separate from the first active region
disposed adjacent to the first active region and within
which transistors can be formed;

transistors formed in at least one of the first active region
or second active region;

at least a portion of at least one of the first and second
active regions haviusg at least one graded dopant con
centration to aid carrier movement from the first and
second active regions towards ais area of the substrate
where there are no active regions; and

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move
ment from the surface towards the area of the substrate
wlsere there are no active regions, wherein at least some
of the transistors forns digital logic of the VLSI senu
conductor device.

2. The VLSt semiconductor device of claim 1, wherein
the substrate is a p-type substrate.

55 3. The VLSI semiconductor device of claim 1. wherein
the substrate has epitaxial silicois on top of a nooepitaxial
substrate.
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5
4. The VLSI semiconductor device of claim 1. wherein

the first active region and second active region contain

digital logic formed by one of either p-channel and n-chan

nel devices.
5. The VLSI semiconductor device of claim 1. wherein

the first active region and second active region contain either

p-channel or n-channel devices in n—wells or p—wells.

respectively, and each well has at least one graded dopant.

6. The VLSI semiconductor device of claim 1. wherein

the first active region and second active region are each

separated by at least one isolation region.
7. The VLSI semiconductor device of claim 1, wherein

the graded dopant is fabricated with an ion implantation

process.
8. The VLSI semiconductor device of claim 1, wherein

the first and second active regions arc formed adjacent the

first surface of the substrate.
9. The VLSI semiconductor device of claim I, wherein

dopants ofthe graded dopant concentration in the first active

region or the second active region are either p-type or

n-type.
10. The VLSI semiconductor device of claim 1. wherein

dopants of the graded dopant concentration in the first active

region are both p-type and n-type.
11. The VLSI semiconductor device of claim 1. wherein

dopants of the graded dopant concentration in the second

active region are both p-type and n-type.
12. The VLSI semiconductor device of claim 1. wherein

dopants of the graded dopant region in the well region are
both p-type and n-type.

13. The VLSI semiconductor device of claim 1. wherein

thc transistors v[iicIi can be fanned in the first and second

active regions are C’MOS digital logic transistors requiring

at least a source, a drain, a gate and a channel.
14. The VLSI semiconductor device of claim 1. wherein

the device is a dynamic random access memory (DRAM).

15. The VLSI semiconductor device of claim 1. wherein

the device is a complementary metal oxide semiconductor

(CMOS) with a nonepitaxial substrate.
16. The VLSI semiconductor device of claim 1. wherein

the device is a flash memory.
17. The VLSI semiconductor device of claim 1. wherein

the device comprises digital logic and capacitors.

18. The VLSI semiconductor device of claim 1. wherein

the device is central processing unit.

19. The VLSI semiconductor device of claim 1. wherein

the device is an image sensor.
20. The VLSI semiconductor device of claim 1. wherein

each of the first and sccottd active regions are in the lateral

or vertical direction.
21. A VLSI semiconductor device, comprising:
a substrate of a first doping type at a first doping level

havitig a surface:
a first active region disposed adjacent the surthce of the

substrate with a second doping type opposite ins con

ductivity to the first doping type and within which

transistors can be fonned in the surface thereof:

a second active region separate from the first active region
disposed adjacent to the first active region and within

which transistors can be formed in the surface thereof: s

transistors fonised in at least one of the first active region

or second active region:
at least a portion of at least one of the first and second

active regions having at least one graded dopant con

centration to aid carrier movement from the surface to 65

ats area of the substrate where there are no active

regions: and

6
at least one well region adjacent to the first or second

active region containing at least one graded dopant
region. the graded dopant region to aid carrier move-

silent from the surface to the area of the substrate where
there are no active regions, and wherein the graded

dopant concentration is linear, quasilinear. error func
tion. complementary error function, or any combina

tion thereof.
22. The VLSI semiconductor device of claim 21. wherein

to the substrate is an n-type substrate.
23. The VLSI semiconductor device of claim 21. wherein

the substrate is a p-type substrate.
24. The VLSI semicotiductor device of claim 21. wherein

the substrate has epitaxial silicon on top of a nonepitaxial

15 substrate.
25. The VLSI semiconductor device of damn 21. wherein

the first active region and second active regiots contain at
least one of either p-chatinel and n-channel devices.

26. The VLSI semiconductor device of claim 21. wherein

the first active region atld second active region contain either

p-channel or n-channel devices in n—wells or p—wells,

respectively, and each well has at least one graded dopant.
27. The VLSI semiconductor device of claim 21. wherein

the first active region and second active region are each

25 separated by at least one isolation region.
28. The VLSI semiconductor device of claim 21. wherein

dopants of the graded dopant concentration in the first active

region or the second active region are either p-type or

li-type.
3u 29. The VLSI semiconductor device of clams 21. wherein

dopants of the graded dopant concentration in the first active

region are botis p-type and n-type.
30. The VLSI semiconductor device of claim 21. wherein

dopants of the graded dopant concentration in tile second

35 active region are both p-type and n-type.
31. The VLSI semiconductor device of claim 21. wherein

dopants of the graded dopant region in the well region are

both p-type and il-type.
32. The VLSI semiconductor device of claim 21. wherein

45 the graded dopant is fabricated with an ion implantation

process.
33. The VLSI semiconductor device of claim 21. wherein

the substrate is a complementary metal oxide semiconductor

(CMOS) device.
45 34. The VLSI semiconductor device of claim 21. wherein

the device is a flash memory.
35. The VLSI semiconductor device of claim 21. wherein

the device is a logic device with capacitors in at least some

of the first or second active regions.
36. Tile VLSI semiconductor device of claim 21. wherein

the device is central processing unit.
37. The VLSI semiconductor device of claim 21. wherein

tise device is an image sensor.
38. The VLSI semiconductor device of claim 21. wherein

55 each of the first and second active regions are in tile lateral
or vertical direction.

39. A semiconductor device. comprising:
a substrate of a first doping type at a first doping level:
a first active region disposed adjacent to a surface of the

substrate with a second doping type opposite in con
ductivity to the lirst dopiiig type and uithin which

transistors can be formed:
a second active region separate from the first active region

disposed adjacent to the first active region and within
which transistors can be formed:

transistors formed its at least one of tile first active region

or second active region: and
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at least a portion of at least one of the first and second
active regions having at least one graded dopant con
centration to aid carrier movement from the first or
second active region to at least one substrate area where
there is no active region. 5

40. The semiconductor device of claim 39 further com
prising at least one well region adjacent to the first or second
active region and containing at least one graded dopant
region. the graded dopant region to aid carrier movement
from any region in the well to the substrate area where there tO

is no well.
41. A semiconductor device. comprising:
a substrate of a first doping type at a first doping level;
a first active region disposed adjacent to a surface of the

substrate with a second doping type opposite in con- 15

ductivity to the first doping type and within which
transistors can be fonned:

a second active region separate from the first active region
disposed adjacent to the first active region and within
which transistors can be lbrmed; 2’)

transistors formed in at least one of the first active region
or second active region: and

at least a portion of at least one of the first and second
active regions having at least one graded dopant accep
tor concentration to aid carrier movement from the first 25

or second active region to at least one sttbstrate area
where there is no active region.

42. A semiconductor device, comprising:
a substrate of a first doping type at a first doping level:
a first active region disposed adjacent to a surface of the 3

substrate with a second doping type opposite in con
ductivity to the first doping type and within which
transistors can be formed;

a second active region separate from the first active region
disposed adjacent to the first active region and within 35

which transistors can be formed:
transistors fonned in at least one of the first active region

or second active region; and
at least a portion of at least one of the first and second

active regions having at least one graded donor dopant

8
concentration to aid carrier movement from the first or
second active region to at least one substrate area where
there is no active region.

43. A semiconductor device, comprising:
a substrate of a first doping type at a first doping level:
a first active region disposed adjacent to a surfiice of the

substrate with a second doping type opposite ii con
ductivity to the first doping type and within which
transistors can be formed:

a second active region separate from the first active region
disposed adjacent to the first active region and within
which transistors can be formed;

transistors formed in at least one of the first active region
or second active region: and

at least a portion of at least one of the first and second
active regions having at least one graded acceptor
dopant concentration and one graded donor dopant
concentration to aid carrier movement from the first or
second active region to at least one substrate area where
there is no active region.

44. A CMOS Semiconductor device comprising:
a surface layer:
a substrate:
an active region including a source and a drain, disposed

on one surface of the surface layer;
a single drift layer disposed between the other surface of

the surface layer and the substrate. ihe drift layer
having a graded concentration of dopants extending
between the surface layer and the substrate, the drift
layer further having a first static unidirectional electric
drift field to aid the movement of carriers from the
surface layer to an area of the substrate where there are
no active regions; and

at least one well region disposed in the single drift layer,
the well region having a graded concentration of dop
ants and a second static unidirectional electric drift field
to aid the movement of carriers from the surface layer
to the area of the substrate where there are no active
regions.

* * * * *
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SEMICONDUCTOR DEVICES WITH

GRADED DOPANT REGIONS

CROSS-REFERENCE TO RELATED

APPI .l(’AlIONS

This application is a Continuation of U.S. patent appli

cation Ser. No. 16/947,294, filed JuL 27, 2020. entitled

SEMICONDUCTOR DEVICES WITH GRADED DOP

ANT REGIONS, which is a Continuation of U.S. patent

application Ser. No. 16/717.950. filed Dec. 17. 2019. entitled

SlMl(’ONI )IJ(’TOR Dl VlCES Will I (+RAI )ld) l)OP—

ANT REGIONS, issued as U.S. Pat. No. 10.734.481 on Aug.

4. 2020. U.S. patent application Ser. No. 16/717.950 is a

Continuation of U.S. patent application Ser. No. 15/590,282.

filed May 9. 2017. entitled SEMICONDUCTOR DEVICES

WITH GRADED DOPANT REGIONS, issued as U.S. Pat.

No. 10.510.842 on Dec. 17. 2019, which is a Continuation

of U.S. patent application Ser. No. 14/931.636, filed Nov. 3,

2015, entitled SEMICONDUCTOR DEVICES WITH

GRADED DOPANT REGIONS, issued as U.S. Pat. No.

9.647.070 on May 9, 2017. which is Continuation of U.S.

patent application Ser. No. 14/515,584, fIled Oct. 16, 2014.

entitled SEMICONDUCTOR DEVICES WITH GRADED

DOPANT REGIONS, issued as U.S. Pat. No. 9,190,502 on

Nov. 17. 2015. which is a Continuation of U.S. patent

application Ser. No. 13/854.319 filed April 1.2013. entitled

SEMICONDUCTOR DEVICES WITH GRADED DOP

ANT REGIONS, which is a Continuation of Ser. No.

11/622.496. filed Jan. 12. 2007, entitled SEMICONDUC

TOR DEVICES WITH GRADED DOPANT REGIONS.

issued as U.S. Pat. No. 8.421.195 on Apr. 16, 2013. which

is a Divisional of u.S. patent application Ser. No. 10/934.

915, filed Sep. 3, 2004. The disclosures of which are

incorporated hcrcin by reference in their entirety.

TECHNICAL FIELD

This present invention relates to all semiconductor

devices and systems. Particularly it applies to diffused

diodes, avalanche diodes. Schottky devices, power MOS

transistors. JFET’s. RF bipolar transistors. IGBTs (Insulated

Gate Bipolar Transistors). varactors. digital VLSI. mixed

sional circuits and sensor devices includina camera ICs

employing CCD (Charge Coupled Device) as well as CMOS

technologies.

BACKGROUND

Bipolar Junction Transistors (BiT) are classified as minor

ity carrier devices because minority carriers are the principle

device conduction mechanism. However, majority carriers

also play a small but finite role in modulating the conduc

tivity in RJTs. Consequently. both carriers (electrons and

holes) play a role in the switching performance of BJTs. The

maximum frequency of operation in 11.1 Is is limited by the

base transit time as well as the quick recombination of the

majority carriers when the device is switched off (,pnor to

begiiuiing the next cycle). The dominant carrier mechanism

in RJTs is carrier diffusion. The carrier drift current coin

ponent is fairly small, especially in imithrmly doped base

BJTs. Efforts have been made in graded base transistors to

create an aiding drift field to enhance the diffusing minority

carrier’s speed from emitter to collector. However, most

semiconductor devices, including various power MOSFETs

(traditional. DMOS. lateral, vertical and a host of other

confIgurations). IGBT’s (Insulated Gated Base Transistors).

2
still use a uniformly doped ‘drift epitaxial’ region in the

base. FIG. 1 shows the relative doping concentration versus

distance in a BJT. FIG. 2 shows the unifon’nly doped epi

region in an IGBT. In contrast to BJTs. MOS devices are

majority carrier devices for conduction. The conduction is

channel dominated. The channel can be a surface in one

plane in planar devices. The surface can also be on the

sidewalls in a vertical device. Other device architectures to

combine planar and vertical conductions are also possible.

The maximum frequency of operation is dictated primarily

- by source-drain separation distance. Most MOS devices use

a uniformly doped substrate (or a well region). When a

MOSFET is optimally integrated with a BiT in a monolithic

fashion, an IGBT results. The IGBT inherits the advantages

- of both MOSFET and BJT. It also brings new challenges
i because the required characteristics (electron transit and

hole recombination as fast as possible in n-channel IGBT)

necessitate different dopant gradients either in the same

layer at different positions. or at the interfaces of similar or

dissimilar layers.
20 Retrograde wells have been attempted. with little success.

to help improve soft error immunity in SRAMs and visual

quality in imaging circuits. FIG. 3A shows a typical CMOS

VLSI device employing a twin well substrate, on which

active devices are subsequently fabricated. FIGS. 3B. 3C.

25 and 31) illustrate device cross sections, as practiced today.

Retrograde and halo wells have also been attempted to

improve refresh time in DRAMs (dynamic random-access

memories), as well as. reducing dark current (background

noise) and enhance RUB (Red, (ireen. Blue) color resolution

in digital camera ICs. Most of these techniques either divert

the minority carriers away from the active regions of critical

charge storage nodes at the surface, or. increase minority

carrier density locally as the particular application requires.

35
BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven

tion. and the advantages thereof. reference is now made to

the following descriptions taken iii conjunction with the

accompanying drawings. in which:

40 FIG. 1 illustrates the relative doping profiles of emitter.

base and collector for the two most popular bipolar junction

transistors: namely. uniform base (“A”) and graded base

(“B”):
FIG. 2 illustrates the cross section of a commercial IGBT

with a unifonn epitaxial drift region (base):
FIGS. 3A. 3B. 3C. and 3D illustrate cross sections of

commonly used prior art CMOS silicon substrates: FIG. 3A

showing a typical prior art IC’ with two wells (one n’ well

in which p-channel transistors are subsequently fabricated

and one p well in which n-channel transistors are subse
‘° quentlv fhbricated); FIG. 3B showing a prior art EEPROM

(Electronically Erasable Programmable Read-Only

Memory) inemoiy cell having a tunnel insulator; FIG. 3C

showing a prior art DRAM memory cell: and FIG. 3D

showing a prior art NAND flash memory cell;
55 FIG. 4 illustrates the cross section of an IGBT. using one

embodiment of the invention described here, where the

dopant is optimally graded in the epitaxial drift region: nod

FIGS. 5A. SB. and 5C illustrate the cross sections of a

CMOS silicon substrate with two wells and an underlying

60 layer using embodiments of the invention to improve per

fornsance in each application—VLSI logic. DRAM/image

IC. nonvolatile memory IC.

DETAILED DESCRIPTION

65

The relative doping concentrations of emitter and collec

tor regions varies front lO to 1 02°/cm3, whereas the base
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region is 1014 to 1015/cm3 depending on the desired char
acteristics of the BJT. In graded base p-il-p transistors, the
donor dopant concentration may be 10 to lOOx at the
emitter-base junctinn, relative to the base-collector janction
(lx). The gradient can be linear, quasi linear, exponential or 5
complimentary error function. The relative slope of the
donor eoneeistration throughout the base creates a suitable
aiding drift electric field, to help the holes (p-n-p transistor)
transverse from emitter to collector Since the aiding drift
electric field helps hole conduction, the current gain at a
given frequency is enhanced, relative to a unifonnly-doped
(base) BJT. The improvement in cut-off frequency (or,
frequency at unity gain. f2- can be as large as 2x-5x. Similar
perfornsance improvements are also applicable to n-p-il
transistors.

As illustrated in FIG. 4. in nile embodiment according to
the invention, a doisor gradient is established from the
emitter-drift epitaxial base region junction of the punch-
through IGBT. to the drift epitaxial base region—n buffer
layer boundary (electrons in this case are accelerated in their
transit from emitter to collector). The “average” base resis
tance is optimized so that conductivity modulation and
lifetime (for minnnty carriers) in the base region are not
compromised. By sweeping the carriers towards the n
buffer region a number of advantages are obtained. First, the
frequency of operation (combination of t00 and toff as is
known in the IGBT conunercial nomenclature) can be
enhanced. Second, and maybe more importantly, during t0
holes can be recombined much quicker at the n buffer layer
compared to the uniformly doped if epitaxial drift region by
establishing a differeist dopant gradient near tlse n’ huller
layer It should be noted that the drift region can also be a
non-epitaxial silicon substrate. Although epitaxy enlsances
lifetime, it is not mandatory. Different layers of dopant
regions can be transferred tlu’nugls wafer to wafer bonding
(or other similar transfer mechanisms) for eventual device
fabrication. The “reverse recovery time” for an 16111 is
significantly improved due to the optimized graded dopaist
in the so called “drift region” as well as at the interfaces of
the drift region. Graded dopants can also be implensented in
the n buffer layer as well as other regions adjacent to the
respective layers. Two important perfhnnance enhance
ments are the result of dopant gradients. For example, in an
n-channel 16151. electrons can be swept from source to drain
rapidly, while at the same dine holes can be recombined
closer to the n buffer layer This can improve t0,, and t,1in
the same device.

As illustrated in FtGS. 5A, SB. and SC. donor gradient is
also nf benefit to very large scale integrated circuits
(VLSI)—VLSI logic, DRAM, nonvolatile memory like so
NAND flash. Spurious minority carriers can be generated by
clock switching in digital VLSI logic and memory ICs.
Tlsese tinwanted carriers can discharge dynamically-held
“actively held high” nodes. In most cases, statically-held
nodes (with V,) cannot be affected. Degradntion of refresh 55
time in I )RAMs is one of the results, because the capacitor
holds charge dynanucally. Similarly, degradation of CMOS
digital images in digital imaging IC’s is another result of the
havoc caused by minority carriers. Pixel and color resolution
can be significantly enhanced in imaging ICs with the 60
embodiments described herein. Creating “stibterranean”
recombination centers underneath the wells (gold doping.
platinum doping) as is done in some high-voltage diodes is
not practical for VLSI circuits. Hence, a novel technique is
described herein which creates a drift field to sweep these 65
unwanted minority carriers from the active circuitry at the
surface into tlse substrate in a monolithic die as quickly as

4
possible. In a preferred embodiment, the subterranean n
layer has a graded donor concentration to sweep the minor
ity carriers deep into the substrate. One or more of such
layers can alsn he implemented through wafer to wafer
bonding or similar “transfer” mechanisms. This if layer can
be a dccply-insplantcd layer It can also be an cpitaxial layer
As desired, the n well and p wells can also be graded or
retrograded in dnpants tn sweep those carriers away from the
surface as well. The graded dnpant can also he impleniented

to in surface chamsel MOS devices to accelerate majority
carriers towards the drain. ‘to decrease programming time ins
nonvolatile memory devices, carriers should be accelerated
towards the surface wheis programininsg of memory cells is
executed. The graded dopant can also be used to fabricate

is superior Juisction Field-Effect transistors where the “channel
pinch-nfl” is controlled by a graded channel instead of a
uniformly doped channel (as practiced in the prior art).

One of ordinary skill and familiarity in the art will
recognize that the concepts taught herein can be custurnized

20 and tailored to a particular application in many advanta
geous ways. For instance, minority carriers can be chanmseled
to the surface to aid programming in nonvolatile memno’
devices (NOR. NANI). multivalued-cell). Moreover, single-
well, and triple-well CMOS fabrication techniques can also

25 be optimized to incorporate these embodiments individually
and collectively. Any nsodifications of such embodinsents
(described here) fall within the spirit and scope of the
invention. Hence, they fall within tile scope of the clainsis
described below.

30 Although the invention has been described with reference
to specific embodiments, tlsese descriptions are not meant to
be construed in a limiting sense. rious modifications of the
disclosed embodinseists. as well as alternative ensbodinseists
of the invention will become appareist to persons skilled in

35 the art upon reference to the description of the invention. It
should be appreciated by those skilled in the art tlsat the
conception and the specific einhndiment disclosed may he
readily utilized as a basis for modifying or designing other
structures for carrying out the same purposes of the present

40 invention, It should also be realized by those skilled in the
art that such eqtuvalent constructions do not depart from tile
spirit and scope of the invention as set forth in the appended
claims.

lt is therefore. contemplated that tile claims will cover any
45 such modifications or embodimeists that fall within the true

scope of the invention.

5,\’hat is claimed is:
I. An electronic system, the system comprising:
at least one semiconductor device, the at least one semi

conductor device including:
a substrate of a first doping type at a lirst duping level

having a surface;
a first active region disposed adjacent the surface with

a second doping type opposite in conductivity to the
first doping type and within which transistors can be
fornled;

a second active region separate from the first active
region disposed adjacent to the first active regiois and
within wiuch transistors can be fonned:

transistors formed in at least one of the first active
region or second active region;

at least a portion of at least one of the first and second
active regions having at least one graded dopant
concentration to aid carrier movement from the first
and second active regions towards an area of the
substrate where tlsere are no active regions: and
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5
at least one well region adjacent to the first or second

active region containing at least one graded dopant
region, the graded dopant region to aid carrier move
ment from the sorface towards the area of the sub
strate where there are no active regions. wherein at 5

least some of the transistors form digital logic of the
semiconductor device.

2. The system of claim 1. wherein the sobstrate of the at
least one semiconductor device is a p-type substrate.

3. The system of claim 1. wherein the substrate of the at to

least one semiconductor device has epitaxial silicon on top
of a nonepitaxial substrate.

4. The system of clams 1, wherein the first active region
and second active region of the at least one semiconductor
device contain digital logic formed by one of either p-chan- is
nd and n-channel devices.

5. The system of claint 1. wherein the first active region
and second active region of the at least one semiconductor
device contain either p-channel or n-channel devices in
n-wells or p-wells. respectively, and each well has at least 21i

one graded dopant.
6. The system of claim 1, wherein the first active region

and second active region of the at least one semiconductor
device are each separated by at least one isolation region.

7. The system of claim 1. wherein the graded dopaitt is 25

fabricated with an ion implantation process.
8. The system of claim 1. wherein the first and second

active regions of the at least one semiconductor device are
formed adjacent the first surface of the sobstrate of the at
least one semiconductor device. 30

9. The system of claim 1, wherein dopants of the graded
dopant concentration in the first active region or the second
active region of the at least one semiconductor device are

either p-type or n-type.
10. The system of claim 1. wherein dopants ot the graded

dopant concentration in the first active region of the at least
one seauconductor device are both p-type and n-type.

11. The system of claim 1, wherein dopants of the graded
dopant concentration in the second active region of the at
least one semiconductor device are both p-type and n-type.

12. The system of claim 1. wherein dopants of the graded
dopant region in the well region of the at least one semi

conductor device are both p-type and n-type.
13, ‘Hoe system of claim 1. wherein the transistors which

can be formed in the first aisd secoisd active regions of the
at least one semiconductor device are CMOS digital logic
transistors requiring at least a source, a drain, a gate and a

channel.
14. 11w system of claim 1. wherein the at least one

semiconductor device is a dynamic random access memory
(DRAM).

15. The system of clams 1. wherein the at least one
semiconductor device is a complementary metal oxide semi
conductor (CMOS) with a nonepitaxial substrate.

t6. The system of claim 1. wherein the at least one
semiconductor device is a flash memory.

17. The system of claim 1, wherein the at least one
semiconductor device comprises digital logic and capaci
tors.

18. The system of claim 1. wherein the at least one
semiconductor device is a central processing unit.

19. The system of claim 1. wherein the at least one
semiconductor device is an insage seitsor.

6
20. The system of claim 1. wherein each of the first and

second active regions of the at least one semiconductor

device are in the lateral or vertical direction.
21. An electronic system. comprising:
at least one semiconductor device, the at least one semi—

condoctor device including:
a substrate of a first doping type at a first doping level

having a surface:
a first active region disposed adjacent the surface of the

substrate with a second doping type opposite in
conductivity to the first doping type and within
wlsieh traissistors can be formed in the surface
thereof;

a second active region separate from the first active
region disposed adjacent to the first active region and
within which transistors can be formed in tlse surthce
thereof:

transistors formed in at least one of the first active
region or second active region:

at least a portion of at least one of the first and second
active regions having at least one graded dopant
concentration to aid carrier movement from the
surface to an area of the substrate where there are no
active regions: and

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region. the graded dopant region to aid carrier move
ment from the surface to the area of the substrate
where there are no active regions, and wherein the
graded dopant concentration is linear. quasilinear.
error fi.inetion. complementary error function, or any
combination thereof.

22. The system of claim 21. wherein the substrate of the
at least one semiconductor device is an n-type substrate.

23. The system of claim 21. wherein the substrate of the
at least one seni.icondoctor device is a p-type substrate.

24. l’he system of claim 21, wherein the substrate of the
at least one semiconductor device has epitaxial silicon on
top of a nonepitaxial substrate.

25. The system of claim 21. wherein the first active region
and second active region of the at least one semicondoetor
device contain at least one of either p-ehamsel and n-channel
devices.

26. The system of claino 21. wherein the first active region
and second active region of the at least one semiconductor
device contain either p-channel or n-chamsel devices in
n-wells or p-wells, respectively, and each well has at least
one graded dopant.

So
27. The system of claim 21. wherein the first active region

and second active region of the at least one semiconductor
device are each separated by at least one isolation region.

28. The system of claim 21, wherein dopanis of the graded
dopant concentration in the first active region or the second
active region of the at least one semiconductor device are
either p-type or n-type.

29. The system of claim 21. wherein dopants of the graded
dopant concentration in the first active region of the at least
one semiconductor device are both p-type and n-type.

60
30. The system ofclaimn 21. wherein dopunts of the graded

dopant concentration in the secoisd active region of tlse at
least one semiconductor device are both p-type and n-type.

* * * * *
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Stylesheet Version vi .2

SUBMISSION TYPE: NEW ASSIGNMENT

NATURE OF CONVEYANCE: CONFIRMATORY ASSIGNMENT

CONVEYING PARTY DATA

Name Execution Date

VERVAIN, LLC

RECEIVING PARTY DATA

Name: IGREENTHREAD, LLC

Street Address: j4544 HARRYS LANE ]
City: IDALLAS
State/Country: TEXAS

Postal Code: 75229-5400

PROPERTY NUMBERS Total: 1

[ Property Type B Number

LApplication Number: 17371839

II
.1

1103/07/2022 II

CORRESPONDENCE DATA

(972)628-3616

9726283600
Fax umber:

Phone:

https ://epas.uspto.gov/com/receipt.j sp?iname=PJ 8SRE6 WDRJ2-5 3747 3/7/2022
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USPTO. EPAS. Receipt Page 2 of 2
Case 1:23-cv-00579-UNA Document 1-7 Filed 05/26/23 Page 9 of 19 PagelD #: 129

Email: admindaIpat.com
Correspondence will be sent to (lie e-mail addressfirst; if that is unsuccessful, it will be sent using ajax number, if
prodded; if that is unsuccessful, it will be sent via US Mail.
Correspondent Name: GREGORY M. HOWTSON
Address Line 1: P0. DRAWER 800889
Address Line 4: DALLAS, TEXAS 75380

ATTORNEY DOCKET
NUMBER: GRTD6O-j5j14

NAME OF SUBMITTER: GREGORY M. HOWISON

Signature: /Gregory M. Howison, Reg. #30646/

Date: 03/07/2022

Total Attachments: 2
sourceGRT353 14 Confirmatory Assignment exe#page I .tif
sourceGRT353 14 Confirmatory Assignment exe#page2.tif

RECEIPT INFORs1ATION

EPAS ID: PAT72 10634
Receipt Date: 03/07/2022

Return to home pane

p HOME I INDEXI SEARCH I eBUSINESS I CONTACT US I PRIVACY STATEMENT

https ://epas .uspto.gov/com/receipt.j sp?iname=PJ8SRE6WDRJ2-53 747 3/7/2022
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‘ -LL. 1’)ft

CORRESPONDENCE DATA

Fax Number: (972)628-3616

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent

using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail.

Phone: 9726283624

Email: ipdocketing@munckwilson.com

Correspondent Name: GREGORY M HOWISON

Address Line 1: 12770 COlT RD STE 600 STE 660

Address Line 2: STE 660

Address Line 4: DALLAS, TEXAS 75251

NAME OF SUBMITTER: GREGORY HOWISON

SIGNATURE: /Gregory Howison - Reg# 30646/

DATE SIGNED: 07/22/202 1

Total Attachments: 4

sou rce=G RT34 1 38RaotoGreenthreadASSMTEXE#page 1 .tif

sourceGRT341 3aRaotoGreenthreadASSMTEXE#page2.tif

sou rce=G RT341 38RaotoGreenthreadASSMTEXE#page3.tif

source=G RT341 38RaotoGreenthreadASSMTEXE#page4.tif

PATENT
REEL: 056950 FRAME: 0048

1 ,... rrI 7 fl I I I I A O678O,899 r; i,-Q7rI’2LP ,-. -. i r ,-a -i r
. .......-“““. ocumcn ‘agniL

PATENT ASSIGNMENT COVER SI-EET I
Electronic Version vl.1 EPAS ID: PAT6827716

Stylesheet Version vi .2

SUBMISSION TYPE: NEW ASSIGNMENT

NATURE OF CONVEYANCE: ASSIGNMENT

CONVEYING PARTY DATA

Name Execution Date

MR G.R. MOHAN RAO 09/09/2017

RECEIVING PARTY DATA

Name: GREENTHREAD, LLC

Street Address: 4544 HARRYS LANE

City: DALLAS

State/Country: TEXAS

Postal Code: 75229

PROPERTY NUMBERS Total: 1

Property Type Number

Application Number: 17371839

506780899
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Case 1:23-cv-00579-UNA Document 1-7 Piled 05/26/23 Page 11 of 19 PagelD #: 131

ASSJGNMENT

\\:f.flR\S, (jR. MOHAN RAft an individuaL residine at 1611 V iluinrtham Drive,
I \ nencd n tW and tNJ nn nons d th at rhc

I \l it.\ tk.s’1 t’%tC’’%) 0 •h rt S isht. - 0 0 r I flik d
C 10 \lgh P \c ttlsd \ \$ *,nt 1 r \uhtt \ t, d cd s t S

md ttoni aba l ertNm US 1 “t ttt\ p h - a as set torll on I \‘nt’ \ tol uVts lx
the ‘Patents”): and

\v HERUAS. GREPNTHRLAD. LLC. a Texas Limited Liability Compan, na ing. a
botaness address at $544 Harrys Lane. Dallas, fexas ?59-54OU U’ Assi snee ‘T.is desirous of
acquiring the entire right title, and i terestin and to the Apphcations and Patents and an and all

ma i nIt. rxnt dn >s>on-> n 0>ta >o oa wt,oun—m pnts ur eo>\ nr I!’
texan Ut s L ssUts \eJ slot S subs t > 0> 15 Nh I 41p k 0 0 5 t

all rights under the international Convention for the Protection or Industrial Property and
orwonganons of the Applications and Patents.

Now. THERER)RE.. for other good and x aluable consideraiion. Assisinor.. by these
ts does I Ufl T\4 It U >\\>,, I c ti i\S tO tt \s”3L3 t. 0’ \utss0 955

and letral representatives the full and exclusive right in and so.;

(a) the Avnlieations and Patents in the United States and the entire right, title, and interest in
and to ans’ and all issued natents or patent apphcations sxhich n-my be granted there-for

oo t3x mi in It “I s to il ,s5’ns 3,,355\55 ssttuto
orl Inn tO 3t15 LOOt ‘ >5th’ s >—a’ I >nJ \L ‘s ‘, I “ rr> c ‘> lad Pi j t and

any pending applications or issued patents that directl claim or are amended to cIa mi
priorits- to an) if the Applications or Patents.;

l>) all caoses ol’ action twhethe> known or unx.nown or whether currently pending. filed or
otherxvtse) and other enforcement rights under or on account of the Applications and
P itt s Juth ‘a Itl-a’I I l nil it o’ r> ws%s I L>h n md ‘, t N’t ii> lUlt mhts +

sat.’ uoj it. ust. I t Ind 005 othct ‘,d>,,.s I > ‘und h xis ‘,i i t >I is I t

infringement: and

(c) all rights to collect royalties or other payments under or on account ot theA ppiications
and Patents and the foregoing suhcategory (b.

Assignor hereby authorixes and requests the Qomrnissione.r of Patents and Trademarks to issue
II aSta\ 1>3 *1 . \pp1kaho N o nate a tt uk. t t’>. r\ m >1 ii N ci i sts >.

I> Its i tad to \ssIgnc t ot th V it >v ole a id 151 cot 3 and to the s fl I it-, soC ust
u tan-,. ‘ aid ‘i cOt. st *00 N, ii,. ii 01 II’ c 5 P ‘ ‘ >.. to >ft>, tnt 533> ot cIa ii

‘s>o ad3 I>e s53 S 43 d is c I >ts tInds isfe stn,.xsut nx ltsnbsldhx tIt
Assirtnor had this a.ssianii cot not been made.

Assignor also sells ano assigns to Assignee.. its successors. astuigns and legal
representatives the full and exclusive right, title. and interest in and to the Inventions disclosed in

PATENT
REEL: 056950 FRAME: 0049
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sa3d Applicanons thrutlilout the world, i c.idin the rigH In hie appucanons and oblain

palents. utiUty models. industrial models, and desuians lbr the inventions In the Assignee’s own

ame P t U21\ Ut t . ; o d in. ding i }JI1\ ot I to ra. h N’ s ut 0 lfl

t3Lt’, kAcIs R’k n’2 \h 0 ot PIt tP I tis Q\ “0 oIl L
5 tO N B \ 1 101 Ifl

I Itt jtt LS I oI • en fl$1It NIP,., 0 ft ‘ ‘I’ I B. n 4 ‘ \pp B. lOIN

md “,ILjI} U to r on s ,iI ‘an, — 01 thoe Ilkal i sj tat

deciaranons, afildaxits., and an other papers in connecUon therewth necessary tO perfect such

rIe,ht. urIc and interest in Assianee, its Successors, assigns and ie6ai represeutatnes.

Assionor ftrther aerees to connionIcate to Assignee, .its successors, assigns sM;or legal

tB.\c1 K , an \qOts t\’ad P’ 0 1 toO tt 1 t t\p%.P’\ o’ \ ‘

1” s Ih 111 1fl\ tg’J ph’Ct ‘l\\ ln II I I p\.. \ t.aL ‘ o’d or I 0

cintimailon’in’part. rensue anO substitute r pbeatiuns. make all lawful oatns. and generally do
tS t SI pO\SIhlt to tSI IlL lB \¼\ tt C C \—sarn IN •t so ls\nt’l\ a I I it al

representatives to obta in and enforce proper protection for Pa: Invenflons in all countries.

jSienjgor/’:ae to b,’icy,’’

PA TPNT ASSIGNMEN F Pasx 2 ot>$

PATENT
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CR. \lohan Ran

si\i’E (;F:

COUNTY OF;

ECEaL. §

LILA kLt

aBEFORE ME. a Notary Eubbe, on this$C any 0fla’. 20j personally
appeared G%R. MORAN RAG, known to me ‘o he the rerson whose name is subscribed to the
foreaoinc.b,strumen.t and adknowedged to me that he/she esecoted same of his/her own free will
fbr the uroses and .:onsideranon therein tnpressed.

PAtEN F ASs.K;NMEN r

7%) k
t S(marnLssIon xmres; S S S

3 €) 4

PATENT
REEL: 056950 FRAME: 0051
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CORRESPONDENCE DATA

Fax Number: (972)628-361 6
Correspondence will be sent to the e-mail address first; if that is unsuccessfu4 it will be sent
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail.
Phone: 972-628-3624
Email: ipdocketing@munckwilson.com
Correspondent Name: GREGORY HOWISON
Address Line 1: 12770 COlT ROAD SUITE 660
Address Line 2: SUITE 660
Address Line 4: DALLAS, TEXAS 75251

NAME OF SUBMITTER: GREGORY HOWISON

SIGNATURE: /Gregory Howison - Reg# 30646/

DATE SIGNED: 07/22/202 1

Total Attachments: 2
sou rce20200527CorrectedAssignment#page1 .tif
source=2o200527CorrectedAssignment#page2.tif

PATENT
REEL: 056949 FRAME: 0013

I
. 678O7B Q7J2212Q2t,,

. rmo i:ij ov uu,:u ui’, uuuurnunii I IIUU u3;uh.iJ va y i UI ILl I 1IIJUILJ rr: i.i
PATENT ASSIGNMENT COVER S EET I

Electronic Version vi .1 EPAS ID: PAT6827495
Styles heet Version vi .2

SUBMISSION TYPE: NEW ASSIGNMENT

NATURE OF CONVEYANCE: ASSIGNMENT

CONVEYING PARTY DATA

Name Execution Date
GREENTHREAD, LLC 08/19/2019

RECEIVING PARTY DATA

Name: VERVAIN,LLC

Street Address: 724 MASON DELLS DRIVE

City: DALLAS

State/Country: TEXAS

Postal Code: 75230

PROPERTY NUMBERS Total: 1

Property Type Number

Application Number: 17371839

506780678
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Case 1:23-cv-00579-UNA Document 1-7 Filed 05/26/23 Page 16 of 19 Page ID #: 136

ASSiGNOR ASSIGNEE

Greenthread. LLC Vervain. LLC

Phihp W. John, Jr. Manager Philip W. John, Jr., Member

6307 Bandera Ave. Apt .B 7424 Mason Dells Drive

Dallas, Texas 75225-3617 Dallas. Texas 75230-3244

Umail Ju I .i j Umail in “ inl

ASSIGNMENT AGREEMENT

T1iis Assignment Agreement QAssignmenC’j is entered into by and between Vervain,

LLC. a Texas limited liability company, hereinafter referred to as “AssigneeS” and G-reenthread.

LUG, a Texas limited liability company, hereinafter referred to as “Assignor.” and shall become

effective upon being duly signed by the authorized representative of Assignor (“Effective Date”).

RECITALS:

Assignor and Assignee are entering into a Patent Assignment Agreement (the

“Agreenient”).

Pursuant to the Agreement, Assignor hereby desIres to assign to Assignee all of its rights, title

and 1nLusL in and to the fnlloving UnltLd “u.tcs oatDnts und pending ‘Ipphcat!on
61/509,257 J ‘•‘

I. U.S. Provisional Application Number 6.l/509,2 entitled. “Lifetime

Mixed Level Nand Flash System,” filed on July 19.2011

2. US. Patent Number 8891.298. entitled. “Lifetime Mixed Level Non

Volatile Memory System.” filed on April 25, 2012, and issued on

November 18. 2014;

3. U.S. Patent Number 9.196385. entitled. “Lifetime Mixed Level Non

Volatile Memory System.” filed on Qetber 28, 2014. and issued on

November 24. 2015:

4. U.S. Patent Number 9.997,240. entitled. “1.Ifet.ime Mixed Level Non

\‘olatile Memory System.” filed on November 24, 2015. and issued on

June 12, 2018, and

5. U.S. Patent Application Number 16/006,299. entitled, “Lifetime Mixed

Level Non-Volatile Memory System,” filed on June 12, 2018. and is

pending (collectively referi’cd to hereinafter referred to as the “Patent”).

For good and valuable consideration, Assignor and Assignee hereby agree as follows:

PATENT
REEL: 056949 FRAME: 0014
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Case 1:23-cv-00579-UNA Document 1-7 Filed 05/26/23 Page 17 of 19 PagelD #: 137

ASSIGNMENT

Assignor hereby assigns to Assignee its entire worldwide right, title and interest in and to

Assignor’ a Patent. including the entire worldwide right, title and interest in and to any

reexamination or reissue of the Patent. This includes, without limitation. Assignors right

to prosecute, and receive, all (lamages, royalties, awards and compensation for past,

present and/or future infringement

2. Assignor agrees to do the following without further consideration, in order to carry out

the intent of this Assignment:

i. Execute all oaths. assignments. applications, and other papers necessary or

desirable to fully secure to Assignee the rights, titles and interests herein
conveyed: and

ii. Generally do all lawful acts for vesting, in Assignee the rights, titles, and interests
herein conveyed.

S. Assignor has not made and will not hereafter make any assignment, grant, mortgage.
license, or other agreement affecting the rights, titles, and interests herein conveyed to

Assignee.

4. Assignor hereby represents and warrants that Assignor has thc authority to assign the

applicable Patent pursuant to this Assignment.

The undersigned having read this Assignment and fully understanding the provisions of

this Assignment, hereby executes this Assignment as of the Effective Date.

Greenthread, LLC (Assignor)
Philip W, John, Jr. Manager

IL _________________ - -

I

Signature:
Printed Name: Philip W. John, Jr.
Date: August 2019

PATENT
RECORDED: 07122/2021 REEL: 056949 FRAME: 0015
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Case 1:23-cv-00579-UNA Document 1-7 Filed 05/26/23 Page 18 of 19 Page ID #: 138

GRTD6O-353 14 PATENT

CONFIRMATORY ASSIGNMENT

Whereas, VERVAIN, LLC, a Texas limited liability company, located at 724 Mason Dells

Drive, Dallas, Texas 75230 (“Assignor”), hereby confirms that it has zero right, title and interest

in and to the currently pending application entitled, SEMICONDUCTOR DEVICES WITH

GRADED DOPANT REGIONS (the “Invention”), for hich United States Patent Application

was filed on July 9, 2021 (Serial No. 17/371,839) (the “Application”), and confirms the

Assignment previously Assigned and recorded at reel/frame 056950/0048 on July 22, 2021 from

inventor G.R. Mohan RAO to Greenthread, LLC is the only valid Assignment and the Assignment

recorded on July 22, 2021 from Greenthread, LLC to Vervain, LLC at reel/frame 056949/00 13

was in error as it did not list the Application; and

Whereas. GREENTHREAD, LLC, a Texas Limited Liability Company, located at 4544

Harrys Lane. Dallas. Texas 75229-5400 (“Assignee”). is desirous of confirming that the entire

right, title, and interest in the Application is fully vested in Assignee, and desires confirmation that

Assignee has never assigned any interest in and to the Application to Assignor and that Assignor

has no rights to this Application, as no rights have ever been conveyed to Assignor.

Now, Therefore, for other good and valuable consideration, Assignor, by these presents

does hereby sell, assign, and transfer unto Assignee, its successors, assigns, and legal

representatives the full and exclusive right to the Application in the United States and the entire

right, title, and interest in and to any and all Patents which may he granted therefore and/or

therefrom in the United States, to all divisions, reissues, substitutions, continuations,

continuations-in-part, and extensions of said application. Assignor hereby authorizes and requests

the Commissioner of Patents and Trademarks to issue all patents for the Invention, or patents

resulting therefrom, insofar as Assignor’s interests are concerned, to Assignee, of the entire right,

title, and interest in and to the same, for his sole use and benefit: and for the use and benefit of his

legal representatives, to the full end of the term for which said Patent(s) may be granted. as fUlly

and entirely as the same would have been held by the Assignor had this assignment not been made.

Assignor also sells and assigns to Assignee. its successors, assigns and legal representatives

the full and exclusive right, title, and interest to the Invention disclosed in said Application

throughout the world, including the right to file applications and obtain patents, utility models,

industrial models, and designs for the Invention in the Assignee’s own name throughout the world,

including all rights of priority. all rights to publish cautionary notices reserving ownership of the

Invention and all rights to register the Invention in appropriate registries, all foreign rights arising

from pre-grant publication of the Application; and Assignor further agrees to execute any and all

powers of attorney, applications, assignments, declarations, affidavits, and any other papers in

connection therewith necessary to perfect such right, title and interest in Assignee, its successors,

assigns and legal representatives.

Assignor further agrees to communicate to Assignee, its successors, assigns and/or legal

representatives, any known facts respecting any improvements, and, at the expense of Assignee,

to testify in any legal proceedings. sign all lawful papers. execute all divisional, continuation,

continuation-in-part, reissue and substitute applications, make all lawful oaths, and generally do

everything possible to vest title in Assignee and to aid Assignee. its successors, assigns and legal

representatives to obtain and enforce proper protection for the Invention in all countries.

(ONFIRM.V1OR\ P[Er AsslGMENI I

AllY. DKl. No. GRTD6O-35314
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Case 1:23-cv-00579-UNA Document 1-7 Filed 05/26/23 Page 19 of 19 PagelD #: 139

Assignor further authorizes and directs Assignee’s attorneys to insert the serial number and
tiling date of said application now identified by the attorney docket number and title set forth
above as soon as the same shall have been made known to them by the United States Patent and
Trademark Office.

VERVAIN, LLC

By:

________ _

Name:

__________________________________________

Title:

_____________ ____________________________

Date:

L1( 6- Ji
41!&J
J7/272

2COXFIWSI.&[ORY PrLT ASS1GMENr
ATm. DKT. No. GRTI)60-35314

Greenthread Ex. 2026, p. 139 of 260 
MPS v. Greenthread 

IPR2024-00550



Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 1 of 121 Page ID #: 140
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Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 2 of 121 PagelD #: 141

MPS Accused Products

The following list of Accused Products is exemplary, non-exhaustive, and non-limiting.
Greenthread identifies the following specific products to illustrate categories or types of products
that constitute a MPS Accused Products. Greenthread further asserts claims against all product
variations and part numbers of the MPS Accused Products. All of the below exemplar product
categories were identified by MPS at hups:!/www.rnonolithicpower.corn/en!products.html

Switching converters and controllers

2. Multi-phase controllers

3. Power management integrated circuits

4. USB switches

5. Load switches

6. MOF SET drivers

7. Isolated gate drivers

8. Digital isolators

9. Isolated DC/DC converters

10. Power modules

1 1. Battery chargers and monitors

12. Fuelgauges

13. Stepper motor drivers

14. Brushless DC pre-drivers

15. Brush less DC motor controllers

16. Brushed DC drivers

1 7. Fan drivers

1 8. Backlight drivers

19. Audio drivers

20. Analog-to-digital converters

21. Angular position sensors

22. Current sensors

1.

Greenthread Ex. 2026, p. 141 of 260 
MPS v. Greenthread 

IPR2024-00550



Cl)

It

0
0)
OD

r4

c’a®
‘4——

Greenthread Ex. 2026, p. 142 of 260 
MPS v. Greenthread 

IPR2024-00550



C
a
s
e

1
:2

3
-
c
v

-
0

0
5
7
9
-
U

N
A

D
o
c
u
m

e
n
t

1
-8

F
il

e
d

0
5
/2

6
/2

3
P

a
g
e

4
o

f
1

2
1

P
a
g
e
lD

#
:

1
4

3

D
ev

ic
e

S
u
m

m
ar

y

E
xh

ib
it

A
-i

to
G

re
en

th
re

ad
’s

C
om

pi
ai

nt
(U

.S
.

P
at

en
t

N
o.

10
,5

10
,8

42
)

•
T

hi
s

re
po

rt
pr

es
en

ts
a

P
ow

er
E

ss
en

ti
al

s
an

al
ys

is
of

th
e

M
PS

M
P

86
90

5
si

lic
on

(S
i)

-b
as

ed
po

w
er

m
an

ag
em

en
t

IC
(P

M
IC

).
T

he
M

P
86

90
5

is
a

m
on

ol
ith

ic
ha

lf
-b

ri
dg

e
w

ith
bu

ilt
-i

n
in

te
rn

al
po

w
er

M
O

S
F

E
T

s
an

d
ga

te
dr

iv
er

s
an

d
is

id
ea

lly
su

it
ed

fo
r

m
ul

ti
-p

ha
se

bu
ck

re
gu

la
to

rs
.

It
of

fe
rs

50
A

co
nt

in
uo

us
ou

tp
ut

cu
rr

en
t o

ve
r

a
w

id
e

4.
5

V
to

iS
V

op
er

at
in

g
in

pu
t

ra
ng

e
[2

].

T
he

M
P

86
90

5
co

m
pr

is
es

a
si

ng
le

di
e

w
ith

M
P9

50
2

di
e

m
ar

ki
ng

s,
w

hi
ch

ar
e

en
ca

ps
ul

at
ed

in
a

23
-p

in
fl

ip
-c

hi
p

qu
ad

-f
la

t-
no

-l
ea

d
(F

C
-Q

FN
)

pa
ck

ag
e

w
ith

lik
el

y
co

pp
er

(C
u)

bu
m

pi
ng

di
re

ct
ly

to
th

e
le

ad
ir

am
e.

•
T

he
M

P9
50

2
di

e
su

bs
tr

at
e

is
‘-

15
5

pm
th

ic
k

in
cl

ud
in

g
th

e
up

pe
r

ep
it

ax
y

la
ye

r
an

d
u

se
s

B
ip

ol
ar

-C
M

O
S-

D
M

O
S

(B
C

D
)

te
ch

no
lo

gy
.

It
fe

at
ur

es
a

si
ng

le
la

ye
r

of
po

ly
si

lic
on

in
th

e
an

al
yz

ed
re

gi
on

s,
th

re
e

al
um

in
um

(A
l)

m
et

al
la

ye
rs

,
tu

ng
st

en
(W

) c
on

ta
ct

s
an

d
vi

as
,

co
ba

lt
si

lic
id

e
(C

oS
i)

at
th

e
so

ur
ce

,
dr

ai
n,

an
d

po
ly

si
lic

on
co

nt
ac

t
re

gi
on

s.
T

he
pm

-m
et

al
di

el
ec

tr
ic

(P
M

D
)

u
se

s
si

lic
on

ox
id

e
(S

iO
)

la
ye

rs
,

w
hi

le
th

e
in

te
r-

m
et

al
di

el
ec

tr
ic

(I
M

O
)

la
ye

rs
us

es
ox

id
e

as
w

el
l

Is
ol

at
io

n
st

ru
ct

ur
es

in
cl

ud
e

sh
al

lo
w

tr
en

ch
is

ol
at

io
n

(S
T

I)
in

th
e

lo
gi

c
re

gi
on

-
O

ne
gr

ou
p

of
hi

gh
si

de
M

O
SF

E
T

(H
SF

E
T

)
ar

ra
y

an
d

tw
o

gr
ou

ps
of

lo
w

si
de

M
O

SF
E

T
(L

SF
E

T
)

ar
ra

y
ar

e
us

ed
on

th
e

di
e.

T
he

st
ru

ct
ur

e
an

d
do

pa
nt

s
of

th
e

H
SI

L
S

FE
T

ar
ra

ys
ar

e
an

al
yz

ed
.

D
op

an
t

an
al

ys
is

in
th

e
H

SI
L

S
FE

T
ar

ra
y

re
gi

on
sh

ow
s

th
e

us
e

of
a

P
-t

yp
e

su
bs

tr
at

e,
an

N
-t

yp
e

bu
ri

ed
la

ye
r

(N
B

L)
,

a
N

-d
ri

ft
lN

-w
el

l
la

ye
r

an
d

a
P-

w
el

l
la

ye
r.

•
T

he
st

ep
pe

d-
ga

te
-o

xi
de

(S
G

O
)

is
us

ed
in

th
e

L
O

M
O

S
de

vi
ce

s
on

th
is

di
e.

T
he

us
e

of
S

G
O

al
lo

w
s

a
re

du
ct

io
n

of
on

-r
es

is
ta

nc
e

(R
on

)
co

m
pa

re
d

w
ith

th
e

co
nv

en
ti

on
al

ST
I

L
O

M
O

S
[3

].
•

T
he

H
SF

E
T

is
ar

ra
ng

ed
in

a
on

e-
di

m
en

si
on

al
(1

D
)

ar
ra

y
w

ith
a

—
4.

0
pm

dr
ai

n-
to

-d
ra

in
pi

tc
h

an
d

—
0.

66
pm

to
ta

l
po

ly
si

lic
on

ga
te

le
ng

th
,

w
hi

le
th

e
L

SF
E

T
is

ar
ra

ng
ed

w
ith

—
3.

4
pm

dr
ai

n-
to

-d
ra

in
pi

tc
h

an
d

—
0.

60
pm

to
ta

l
po

ly
si

lic
on

ga
te

le
ng

th
in

to
ta

l.

•
In

th
e

lo
gi

c
re

gi
on

,
th

e
m

in
im

um
ob

se
rv

ed
ga

te
le

ng
th

is
0.

40
pm

on
a

0.
86

pm
co

nt
ac

te
d

ga
te

pi
tc

h,
in

di
ca

tin
g

th
e

us
e

of
lik

el
y

0.
18

pm
p
ro

ce
ss

ge
ne

ra
ti

on
w

ith
re

la
xe

d
fe

at
ur

e
di

m
en

si
on

s.

5
A

l
1

.
i
O

20
22

T
.a

*
Q

ki
c.

A
ln

ö

M
P8

69
05

R
ep

or
t

at
5.

M
an

u
fa

ct
u
re

r
M

on
ol

ith
ic

P
ow

er
S

ys
te

m
s

P
ar

t
n
u
m

b
er

M
P

86
90

5

F
ou

nd
ry

U
nk

no
w

n
T

yp
e

PM
IC

D
at

e
co

d
e

H
39

(w
ee

k
39

of
20

17
)

P
ac

k
ag

e
ty

p
e

23
-p

in
FC

-Q
FN

M
PS

H
39

P
ac

k
ag

e
m

ar
k
in

g
s

M
86

90
5

54
U

40
3

.
.

3
.9

7
m

m
x

3
.g

7
m

m
x

O
.8

8
m

m
P

ac
k

ag
e

d
im

en
si

o
n
s

(t
hi

ck
)

D
ie

m
ar

k
in

g
s

0
3

D
ie

si
ze

(w
ho

le
di

e)
3.

38
m

m
x

3.
14

m
m

(1
0.

61
m

m
9

D
ie

si
ze

(e
d
g
e

se
al

)
3.

36
m

m
x

3.
12

m
m

(1
0.

48
m

m
)

M
in

im
um

m
ea

su
re

d
tr

an
si

st
o

r
g
at

e
le

ng
th

ip
lt

ch
0.

40
pm

/0
.8

6
pm

L
ik

el
y

0.
18

pm
pr

oc
es

s
P

ro
ce

ss
g
en

er
at

io
n

ge
ne

ra
ti

on
w

ith
re

la
xe

d
fe

at
ur

e
di

m
en

si
on

s

F
ea

tu
re

m
ea

su
re

d
to

d
et

er
m

in
e

C
on

ta
ct

ed
ga

te
pi

tc
h,

u
se

of
C

oS
i

p
ro

ce
ss

g
en

er
at

io
n

co
nt

ac
ts

,
ST

I
is

ol
at

io
n

M
ax

im
um

v
o
lt

ag
e

[2
]

18
V

T
ec

h
in

si
g

h
ts Pa

ge
2

Greenthread Ex. 2026, p. 143 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
F

il
ed

05
/2

6/
23

P
ag

e
5

of
12

1
P

ag
el

D
#;

14
4

E
xh

ib
it

A
-i

to
G

re
en

th
re

ad
’s

C
o

m
p

la
in

t
(U

.S
.

P
at

en
t

N
o.

10
,5

10
,8

42
)

M
P

95
02

D
ie

H
S

F
E

T
A

rr
ay

—
P

.
an

d
N

-T
yp

e
R

eg
io

n
s

•
S

C
M

an
d

sM
IM

-C
an

al
y
si

s
of

th
e

H
S

F
E

T
ar

ra
y

sh
o
w

th
e

us
e

of
a

P
-t

yp
e

bo
dy

re
gi

on
,

N
-t

yp
e

dr
if

t
re

gi
on

,
an

d
a

h
ig

h
er

-d
o

p
ed

N
-w

el
l

at
th

e
dr

ai
n

re
gi

on
.

•
T

h
e

P
-w

el
l

la
ye

r
st

ar
ts

—
2.

1
pm

fr
om

th
e

fr
on

t
su

rf
ac

e,
w

hi
le

th
e

N
B

L
m

ea
su

re
s

—
53

pm
th

ic
k

an
d

re
ac

h
es

—
7.

4
pm

d
ee

p
.

•
N

B
L

se
em

s
to

h
av

e
tw

o
re

g
io

n
s

of
h

ig
h
er

-d
o
p
ed

lo
w

er
po

rt
io

n
an

d
lo

w
er

-d
op

ed
u
p
p
er

po
rt

io
n

in
th

e
Si

bo
dy

.

P
-t

y
p

e
p

a
n

t
n
c
.n

t.
b
O

N
-t

yp
e

f
l
9

T
d

n
.g

I
t,

dC
ld

V
P

rn
d

o
10

O
pM

A
,r

ay
C

5
2

2
’C

C
O

8
P

R
O

D
U

C
T

F
R

W
1O

.O
u

5
1

2
,

e
ig

H
S

F
E

T
A

rr
ay

—
S

C
M

C
ro

ss
-S

ec
ti

o
n

A
-A

c
o

n
c
e
n
b
b

o
n

T
o
c
h
C

,t
N

IM
IM

C
10

Q
trn

l

2
iI

6
3

8
S

M
IM

C
F

R
W

lO
O

u
51

2p
4
0

0
9

7
3

p
n

g

H
S

F
E

T
A

rr
ay

-
sM

IM
-C

C
ro

ss
-S

ec
ti

o
n

A
-A

T
ec

h
4
2

In
si

g
h
ts

M
P

86
90

5
R

ep
or

t
at

42
.

Pa
ge

3

Greenthread Ex. 2026, p. 144 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

6
of

12
1

P
ag

el
D

#:
14

5
E

xh
ib

it
A

-i
to

G
re

en
th

re
ad

’s
C

om
pl

ai
nt

(U
.S

.
P

at
en

t
N

o.
10

,5
10

,8
42

)

M
P

95
02

D
ie

L
S

F
E

T
A

rr
ay

—
P-

an
d

N
-T

yp
e

R
eg

io
n
s

•
SC

M
an

d
sM

IM
-C

an
al

ys
is

of
th

e
L

SF
E

T
ar

ra
y

sh
ow

th
e

us
e

of
a

P
-t

yp
e

bo
dy

re
gi

on
,

sh
al

lo
w

er
N

-d
ri

ft
/N

-w
el

l
in

th
e

dr
ai

n
re

gi
on

,
an

d
N

B
L

is
ab

se
nt

in
th

e
LS

FE
T

ar
ra

y.
T

he
P-

w
el

l
is

—
2.1

pm
de

ep
,

th
e

P
-b

od
y

is
—

1.
3

pm
d
e
e
p
,

w
hi

le
th

e
dr

ai
n

N
-d

ri
ft

/N
-w

el
l

is
—

0.
9

pm
de

ep
,

sh
al

lo
w

er
th

an
1.

2
pm

ob
se

rv
ed

in
th

e
H

SF
E

T
ar

ra
y.

•
B

ot
h

H
SF

E
T

an
d

L
SF

E
T

ar
ra

y
lik

el
y

sh
ar

e
th

e
P-

w
el

l
an

d
P-

bo
dy

m
as

ks
,

bu
t

us
e

di
ff

er
en

t
m

as
k

fo
r

dr
ai

n
dn

ft
re

gi
on

.
T

he
ef

fe
ct

iv
e

ch
an

ne
l

le
ng

th
de

fi
ne

d
by

do
pa

nt
b
o
u
n
d
a
ry

is
es

ti
m

at
ed

to
be

—
0.

15
pm

in
th

e
L

SF
E

T
ar

ra
y.

M
P8

69
05

Su
pp

le
m

en
ta

l
R

ep
or

t
at

2.

-
T

h
ch

dC
Id

V
Pr

oa
uc

t
10

O
i,,

,

A
rj

v
2

4
u

b
2

2
!5

3
5

2
P

R
o
D

u
c
rR

v
,1

Q
U

&
1
2
p
1
O

t9
7
p
n
g

L
SF

E
T

A
rr

ay
—

SC
M

C
ro

ss
.S

ec
ti

o
n

A
-A

2
.
.

..

-
te

ch
T

e
c
ii

n
s.

W
,M

iM
C

10
O

un

A
fr

ay
_

2
_

O
4

U
,2

2
5

3
5

2
_

S
M

M
C

jr
R

W
.i

O
.Q

u
_

5
J_

4
0

0
9

7
3

p
n

L
SF

E
T

A
rr

ay
—

sM
IM

-C
C

ro
ss

-S
ec

ti
o

n
A

-A
ec

h
In

si
h
ts

P
ag

e
4

Greenthread Ex. 2026, p. 145 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
F

il
ed

05
/2

6/
23

P
ag

e
7

of
12

1
P

ag
el

D
#;

14
6

E
x
h
ib

it
A

-i
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,5
10

,8
42

)

S
ta

te
m

en
t

o
f

M
ea

su
re

m
en

t
U

n
ce

rt
ai

n
ty

an
d

S
co

p
e

V
ar

ia
ti

o
n

S
ta

te
m

en
t

of
M

ea
su

re
m

en
t

U
nc

er
ta

in
ty

T
ec

hl
ns

ig
ht

s
ca

lib
ra

te
s

le
ng

th
m

ea
su

re
m

en
ts

on
its

sc
an

ni
ng

el
ec

tr
on

m
ic

ro
sc

op
e

(S
EM

),
tr

an
sm

is
si

on
el

ec
tr

on
m

ic
ro

sc
op

e
(T

EM
),

an
d

op
tic

al
m

ic
ro

sc
op

es
us

in
g

m
ea

su
re

m
en

ts
ta

nd
ar

ds
th

at
ar

e
tr

ac
ea

bl
e

to
th

e
In

te
rn

at
io

na
l

Sy
st

em
of

U
ni

ts
(S

I)
.

O
ur

SE
M

/T
EM

cr
os

s-
ca

li
br

at
io

n
st

an
da

rd
w

as
ca

li
br

at
ed

at
th

e
N

at
io

na
l

Ph
ys

ic
al

L
ab

or
at

or
y

(N
PL

)
in

th
e

U
K

(R
ep

or
t

R
ef

er
en

ce
L

R
03

04
/E

06
05

03
42

)S
E

M
4I

19
0)

.
T

hi
s

st
an

da
rd

ha
s

a
14

6
±

2
nm

(±
1.

4%
)

pi
tc

h,
as

ce
rt

if
ie

d
by

th
e

N
PL

.
T

ec
hl

ns
ig

ht
s

ve
rif

ie
s

ev
er

y
si

x
m

on
th

s
th

at
its

SE
M

an
d

TE
M

ar
e

ca
lib

ra
te

d
to

w
ith

in
±

2%
of

th
is

st
an

da
rd

,

ov
er

th
e

fu
ll

m
ag

ni
fi

ca
tio

n
ra

ng
es

us
ed

.

T
ec

hi
ns

ig
ht

s’
op

tic
al

m
ic

ro
sc

op
es

ar
e

ca
lib

ra
te

d
us

in
g

a
m

ic
ro

m
et

er
ca

lib
ra

te
d

at
th

e
N

at
io

na
l

R
es

ea
rc

h
C

ou
nc

il
of

C
an

ad
a

(C
N

R
C

)
(R

ep
or

tR
ef

er
en

ce
L

S-
20

05
-0

01
0)

.
T

hi
s

st
an

da
rd

ha
s

an
ex

pa
nd

ed
un

ce
rt

ai
nt

y
of

0.
3

pm
(0

3%
)f

or
th

e
m

ic
ro

m
et

er
’s

10
0

pm
pi

tc
h

lin
es

R
an

do
m

m
ea

su
re

m
en

te
rr

or
s,

in
tr

od
uc

ed
du

ri
ng

m
ea

su
re

m
en

ts
of

fe
at

ur
es

on
th

e
ca

lib
ra

te
d

im
ag

es
,

yi
el

d
an

ad
di

tio
na

l
ex

pa
nd

ed
un

ce
rt

ai
nt

y,
w

hi
ch

to
ge

th
er

w
ith

ca
lib

ra
tio

n

un
ce

rt
ai

nt
y,

is
ap

pr
ox

im
at

el
y

±
5%

or
be

tt
er

fo
r

fe
at

ur
es

la
rg

er
th

an
ab

ou
t

20
%

of
th

e
im

ag
e

w
id

th
.

T
ec

hl
ns

ig
ht

s
ca

m
er

a
sy

st
em

s,
us

ed
fo

r
pa

ck
ag

e
ph

ot
og

ra
ph

s
an

d
te

ar
do

w
n

ph
ot

og
ra

ph
s,

an
d

T
ec

hl
ns

ig
ht

s
X

-r
ay

in
st

ru
m

en
ts

ar
e

no
tc

al
ib

ra
te

d.
P

ac
ka

ge
di

m
en

si
on

s
ar

e

m
ea

su
re

d
ph

ys
ic

al
ly

w
ith

ca
lip

er
s.

T
he

m
at

er
ia

ls
an

al
ys

is
re

po
rt

ed
in

T
ec

hl
ns

ig
ht

s
re

po
rt

s
is

no
rm

al
ly

lim
ite

d
to

ap
pr

ox
im

at
e

el
em

en
ta

l
co

m
po

si
tio

n,
ra

th
er

th
an

st
oi

ch
io

m
et

ly
.

Q
ua

nt
if

Ic
at

io
n

of
en

er
gy

di
sp

er
si

ve

sp
ec

tr
os

co
py

(S
E

M
-E

D
S

an
d

TE
M

-E
D

S)
an

d
T

E
M

-b
as

ed
el

ec
tr

on
en

er
gy

lo
ss

sp
ec

tr
os

co
py

(T
EM

-E
EL

S)
m

at
er

ia
ls

an
al

ys
is

us
ua

lly
no

tp
ro

vi
de

d,
un

le
ss

ot
he

rw
is

e
st

at
ed

.

T
ec

hl
ns

ig
ht

s
wi

ll
ty

pi
ca

lly
ab

br
ev

ia
te

th
e

m
at

er
ia

l
co

m
po

si
tio

n,
us

in
g

on
ly

th
e

el
em

en
ta

l
sy

m
bo

ls
(r

at
he

rt
ha

n
fu

ll
ch

em
ic

al
fo

rm
ul

a)
in

ap
pr

ox
im

at
e

or
de

r
of

th
e

pe
ak

he
ig

ht
s

in

th
e

sp
ec

tr
a,

bu
tt

hi
s

do
es

si
gn

if
y

th
e

re
la

tiv
e

co
nc

en
tr

at
io

n.

Se
co

nd
ar

y
io

n
m

as
s

sp
ec

tr
om

et
ry

(S
tM

S)
da

ta
m

ay
be

ca
lib

ra
te

d
fo

rc
er

ta
in

do
pa

nt
el

em
en

ts
,

pr
ov

id
ed

su
ita

bl
e

st
an

da
rd

s
w

er
e

av
ai

la
bl

e.
S

pr
ea

di
ng

re
si

st
an

ce
pr

of
ili

ng

(S
R

P)
da

ta
is

ty
pi

ca
lly

ca
lib

ra
te

d.
Sc

an
ni

ng
m

ic
ro

w
av

e
im

pe
da

nc
e

m
ic

ro
sc

op
y

(s
M

IM
-C

)
pr

ov
id

es
sp

at
ia

l
in

fo
rm

at
io

n
on

th
e

do
pa

nt
ty

pe
;

ho
w

ev
er

,
it

is
no

t
qu

an
tit

at
iv

e.
T

he

ac
cu

ra
cy

of
ot

he
r

m
et

ho
ds

is
av

ai
la

bl
e

on
re

qu
es

t.

S
ta

te
m

en
t

of
S

co
pe

V
ar

ia
tio

n

D
ue

to
th

e
na

tu
re

of
re

ve
rs

e
en

gi
ne

er
in

g
an

d
th

e
di

ve
rs

ity
of

an
al

yz
ed

de
vi

ce
s,

th
er

e
is

a
po

ss
ib

ili
ty

of
co

nt
en

t
va

ri
at

io
n

in
T

ec
hl

ns
ig

ht
s

te
ch

ni
ca

l
re

po
rt

s.

T
ec

h
3

in
si

g
h
ts

M
P

8
6
9
0
5

S
u

p
p

le
m

en
ta

l
R

ep
o
rt

at
3.

JC
la

im
1,

T
h

e
M

P
S

A
cc

u
se

d
P

ro
d

u
ct

s
in

cl
u
d
e/

co
m

p
ri

se
a

se
m

ic
o
n
d
u
ct

o
r

d
ev

ic
e

co
m

p
ri

si
n
g

a
su

b
st

ra
te

o
f

a
fi

rs
t

d
o
p
in

g
ty

p
e

at
a

fi
rs

t
d

o
p

in
g

le
ve

l
h
av

in
g

fi
rs

t
an

d

E
le

m
en

t
fl

a
se

co
n

d
su

rf
ac

es
.

F
or

ex
am

p
le

,
an

al
y

si
s

o
f

an
ex

em
p
la

ry
M

PS
A

cc
u

se
d

P
ro

d
u

ct
(t

h
e

M
P

S
8

6
9

0
5

d
is

cu
ss

ed
ab

o
v

e)
re

v
ea

ls
th

e
p
re

se
n
ce

o
f

su
ch

a
su

b
st

ra
te

.

su
b
st

ra
te

o
f

a
.

.
.

.
.

.

fi
r

t
d

o
in

’
F

o
r

ex
am

p
le

,
th

e
M

P
S

86
90

5
d

is
cu

ss
ed

ab
o
v
e

fo
r

C
la

im
I,

P
re

am
b

le
,

w
as

im
ag

ed
u
si

n
g

sc
an

n
in

g
el

ec
tr

o
n

m
ic

ro
sc

o
p

y
(S

E
M

)
sc

an
n

in
g

ca
p
ac

it
an

ce
/m

ic
ro

w
av

e

S
im

p
ed

an
ce

m
ic

ro
sc

o
p

y
(S

C
M

/S
M

IM
)

an
al

y
si

s.
ty

p
e

at
a

fi
rs

t

d
o

p
in

g
le

v
el

h
av

in
g

fi
rs

t

an
d

se
co

n
d

su
rf

ac
es

:

Pa
ge

5

Greenthread Ex. 2026, p. 146 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

8
of

12
1

P
ag

el
D

#:
14

7
E

x
h
ib

it
A

-i
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,5
10

,8
42

)

M
P9

50
2

D
ie

L
SF

E
T

A
rr

ay
—

P-
an

d
N

-T
yp

e
R

eg
io

ns
•

SC
M

an
d

sM
IM

-C
an

al
ys

is
of

th
e

L
SF

E
T

ar
ra

y
sh

ow
th

e
us

e
of

a
P

-t
yp

e
bo

dy
re

gi
on

,
sh

al
lo

w
er

N
-d

ri
ft

iN
-w

el
l

in
th

e
dr

ai
n

re
gi

on
,

an
d

N
B

L
is

ab
se

n
t

In
th

e
L

SF
E

T
ar

ra
y.

T
he

P-
w

el
l

is
—

21
pm

de
ep

,
th

e
P

-b
od

y
is

—
1.

3
pm

de
ep

,
w

hi
le

th
e

dr
ai

n
N

-d
ri

ft
iN

-w
el

l
is

—
0.

9
pm

de
ep

,
sh

al
lo

w
er

th
an

1.
2

pm
ob

se
rv

ed
in

th
e

H
SF

E
T

ar
ra

y
B

ot
h

H
S

F
E

T
an

d
L

S
F

E
T

ar
ra

y
lik

el
y

sh
ar

e
th

e
P-

w
el

l
an

d
P

-b
od

y
m

as
ks

,
bu

t
us

e
di

ff
er

en
t

m
as

k
fo

r
dr

ai
n

dn
ft

re
gi

on
.

T
he

ef
fe

ct
iv

e
ch

an
ne

l
le

ng
th

de
fi

ne
d

by
do

pa
nt

bo
un

da
ry

is
es

ti
m

at
ed

to
be

—
0.

15
pm

in
th

e
L

S
F

E
T

ar
ra

y.

T
ed

li
n
sI

g
h
ts

’
dC

Ic
iV

P
io

du
ci

10
01

M
W

PR
C

O
IJ

C
T

,
.

L
SF

E
T

A
rr

ay
—

SC
M

C
ro

ss
-S

ec
ti

o
n

A
-A

2
C

2
C

T
.,

r
n

.N
n

A
l

n1
M

O
n

M
P8

69
05

Su
pp

le
m

en
ta

l
R

ep
or

t
at

2.

ct
iW

if
lV

..0
I5

Il
q

s_
_

0
IN

.o
dT

I
T

T
hc

h
ie

d
li

ss
lg

h
W

,&
II

M
C

lO
O

ij
m

A
n

’y
_

2
_

O
d

2
2

i3
5

2
S

.,
C

’l
Z

:,
0

‘2
p
4
O

0
0
7
3
rq

L
SF

E
T

A
rr

ay
—

sM
IM

.C
C

ro
ss

-S
ec

ti
o

n
A

-A
T

ec
h

[n
sg

h
ts

Pa
ge

6

Greenthread Ex. 2026, p. 147 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1
:2

3
-c

v
-0

0
5
7
9
-U

N
A

D
o
cu

m
en

t
1-

8
F

il
ed

0
5

/2
6

/2
3

P
ag

e
9

of
12

1
P

ag
el

D
#:

14
8

W
h

at
is

a
p

-t
y

p
e

S
em

ic
o

n
d

u
ct

o
r?

E
x
h
ib

it
A

-I
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,5
10

,8
42

)

A
p-

ty
pe

se
m

ic
on

du
ct

or
is

an
in

tri
ns

ic
se

m
ic

on
du

ct
or

do
pe

d
w

ith
bo

ro
n

(B
)o

ri
nd

iu
m

(In
).

Si
lic

on
of

G
ro

up
IV

ha
s

fo
ur

va
le

nc
e

el
ec

tro
ns

an
d

bo
ro

n
of

G
ro

up

Ill
ha

s
th

re
e

va
le

nc
e

el
ec

tro
ns

. I
fa

sm
al

la
m

ou
nt

of
bo

ro
n

is
do

pe
d

to
a

si
ng

le
cr

ys
ta

lo
f

Si
lic

on
,

va
le

nc
e

el
ec

tr
on

s
w

ill
be

in
su

ff
ic

ie
nt

at
on

e
po

si
tio

n
to

bo
nd

si
lic

on
an

d
bo

ro
n,

re
su

lti
ng

in
ho

le
s’

th
at

la
ck

el
ec

tr
on

s.
W

he
n

a
vo

lt
ag

e
is

ap
pl

ie
d

in
th

is
st

at
e,

th
e

ne
ig

hb
or

in
g

el
ec

tr
on

s
m

ov
e

to
th

e
ho

le
,

so
th

at
th

e
pl

ac
e

w
he

re
an

el
ec

tr
on

is
pr

es
en

t
be

co
m

es
a

ne
w

ho
le

,
an

d
th

e
ho

le
s

ap
pe

ar
to

m
ov

e
to

th
e

‘
—

‘
el

ec
tr

od
e

In
se

qu
en

ce
.

Th
is

ho
le

is
th

e
ca

rr
ie

r
ot

a
p-

ty
pe

se
m

ic
on

du
ct

or
.0

A
dd

in
g

bo
ro

n
to

pu
re

si
lic

on
cr

ys
ta

l
re

su
lt

s
in

la
ck

of
an

el
ec

tr
on

.A
nd

it
0

be
co

m
es

a
ho

le
.

S
ee

ht
tp

s:
to

sh
ih

a.
se

m
ic

on
-s

to
ra

ge
.c

ot
ni

us
.s

er
ni

co
nd

uc
to

rk
no

v•
’l

ed
tt

e:
e-

le
ar

n
in

c/
d
is

cr
et

e/
ch

ap
I/

ch
ap

I

4.
ht

m
l

:t
ex

t
.‘

\%
20

p%
2D

tv
pe

2
0

se
m

ic
o

n
d

u
ct

o
ro

2
0

is
.l

lI
%

2
0

h
as

o
2

0
th

rc
c%

2
0

v
al

en
ce

%
2

0
el

ec
tr

o
n

s.

IC
la

im
I,

E
le

m
en

t
21

a
fi

rs
t

ac
ti

ve
re

gi
on

di
sp

os
ed

ad
ja

ce
nt

th
e

fi
rs

t
su

rf
ac

e
o
f

th
e

su
bs

tr
at

e
w

it
h

a
se

co
nd

do
pi

ng
ty

pe
op

po
si

te
in

co
nd

uc
ti

vi
ty

to
th

e
fi

rs
t

do
pi

ng
ty

pe
an

d
w

it
hi

n
w

hi
ch

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s,
an

d
pr

od
uc

ts
in

co
rp

or
at

in
g

th
em

,
in

cl
ud

e/
co

m
pr

is
e

a
se

m
ic

on
du

ct
or

de
vi

ce
co

m
pr

is
in

g
a

fi
rs

t
ac

ti
ve

re
gi

on
di

sp
os

ed
ad

ja
ce

nt
th

e

fi
rs

t
su

rf
ac

e
o
f

th
e

su
bs

tr
at

e
w

it
h

a
se

co
nd

do
pi

ng
ty

pe
op

po
si

te
in

co
nd

uc
ti

vi
ty

to
th

e
fi

rs
t

do
pi

ng
ty

pe
an

d
w

it
hi

n
w

hi
ch

tr
an

si
st

or
s

ca
n

be
fo

rm
ed

.
F

or

ex
am

pl
e.

as
sh

ow
n

in
im

ag
er

y
fr

om
th

e
T

ec
h

In
si

gh
ts

R
ep

or
t,

th
e

ex
em

pl
ar

y
M

P
S

86
90

5
sc

an
ni

ng
ca

pa
ci

ta
nc

e/
m

ic
ro

w
av

e
im

pe
da

nc
e

m
ic

ro
sc

op
y

(S
C

M
/S

M
IM

)
an

al
ys

is
in

cl
ud

es
a

fi
rs

t
ac

ti
ve

re
gi

on
di

sp
os

ed
ad

ja
ce

nt
th

e
fi

rs
t

su
rf

ac
e

o
f

th
e

su
bs

tr
at

e.
S

ee
be

lo
w

sh
ow

in
g

“H
S

F
E

T
A

rr
ay

,”
an

d
to

w
ar

d
th

e

to
p

th
e

so
ur

ce
(“

S
”)

,
ga

te
(“

g”
)

an
d

dr
ai

n
(“

dr
ai

n”
)

w
he

re
th

e
tr

an
si

st
or

s
ar

e,
un

de
rn

ea
th

ea
ch

o
f

th
e

an
no

ta
ti

on
s

ar
e

ac
ti

ve
re

gi
on

s.
S

ee
al

so
be

lo
w

sh
ow

in
g

“L
S

F
E

T
A

rr
ay

.”Si
lic

on
(S

i):
Fo

ur
va

le
nc

e
-

S
i

el
ec

tr
on

s

a

B
or

on
(B

):
0

T
hr

ee
va

le
nc

e
el

ec
tr

on
s

0

0

)
.

0
.
.

0
.

C
Si

S
C

0
0

0
0

0
0

)
0
f

0
.

C

)
S

0
0

0
0

0
0

3
.

S
i

S
i

C H
ol

e!

l’
ag

c
7

Greenthread Ex. 2026, p. 148 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

10
of

12
1

P
ag

el
D

#:
14

9
E

xh
ib

it
A

-i
to

G
re

en
th

re
ad

’s
C

om
pl

ai
nt

(U
.S

.
P

at
en

t
N

o.
10

,5
10

,8
42

)

tr
an

si
st

or
s

ca
n

be
fo

rm
ed

:
M

P
95

02
D

ie
L

S
F

E
T

A
rr

ay
—

P-
an

d
N

-T
yp

e
R

eg
io

n
s

SC
M

an
d

sk
llM

-C
an

al
ys

is
of

th
e

L
SF

E
T

ar
ra

y
sh

ow
th

e
us

e
of

a
P

-t
yp

e
bo

dy
re

gi
on

,
sh

al
lo

w
er

N
-d

ri
ft

JN
-w

el
I

in
th

e
dr

ai
n

re
gi

on
,

an
d

N
B

L
is

ab
se

n
t

in
th

e
L

SF
E

T
ar

ra
y

•
T

he
P-

w
el

l
s—

2.
1

im
de

ep
,

th
e

P
-b

od
y

is
—

1.
3

pm
de

ep
,

w
hi

le
th

e
dr

ai
n

N
-d

ri
ft

/N
-w

el
l

is
—

0.
9

pm
de

ep
,

sh
al

lo
w

er
th

an
1.

2
pm

ob
se

rv
ed

in
th

e
H

SF
E

T
ar

ra
y.

•
B

ot
h

H
SF

E
T

an
d

L
S

F
E

T
ar

ra
y

lik
el

y
sh

ar
e

th
e

P-
w

el
t

an
d

P
-b

od
y

m
as

ks
,

bu
t

us
e

di
ff

er
en

t
m

as
k

fo
r

dr
ai

n
dr

if
t

re
gi

on
.

•
T

he
ef

fe
ct

iv
e

ch
an

ne
l

le
ng

th
de

fi
ne

d
by

do
pa

nt
bo

un
da

ry
is

es
ti

m
at

ed
to

be
—

0.
15

pm
in

th
e

L
SF

E
T

ar
ra

y.

2
V

I
I

n
g
*
,

I —
p
a
n
t

c
l,

Ir
e
b

o
n

o
fl

.f
lt

a
to

n

I .
Te

ch
T

.c
fl

In
sg

h
ts

’
SM

iM
C

lO
O

iM
‘

-
,

O
u_

5l
2p

_4
O

O
/i

3.
p

L
SF

E
T

A
rr

ay
—

sM
IM

-C
C

ro
ss

-S
ec

ti
o

n
A

-A
T

ec
h

In
si

gh
ts

M
P

86
90

5
S

up
pl

em
en

ta
l

R
ep

or
t

at
2.

Pa
ge

8

Greenthread Ex. 2026, p. 149 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
F

il
ed

0
5
/2

6
/2

3
P

ag
e

11
of

12
1

P
ag

el
D

#:
15

0

E
x
h
ib

it
A

-I
to

C
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,5
10

,8
42

)

M
P

95
02

D
ie

H
S

F
E

T
A

rr
ay

—
P

-
an

d
N

-T
yp

e
R

eg
io

n
s

•
SC

M
an

d
sM

lM
-C

an
al

ys
is

of
th

e
H

SF
E

T
ar

ra
y

sh
ow

th
e

us
e

of
a

P
-t

yp
e

bo
dy

re
gi

on
,

N
-t

yp
e

dr
ift

re
gi

on
,

an
d

a
hi

gh
er

-d
op

ed
N

-w
el

l
at

th
e

dr
ai

n
re

gi
on

.

-
T

he
P-

w
el

l
la

ye
r

st
ar

ts
—

2.1
pm

fr
om

th
e

fr
on

t
su

rf
ac

e,
w

hi
le

th
e

N
B

L
m

ea
su

re
s

—
5.

3
pm

th
ic

k
an

d
re

ac
he

s
—

7.
4

pm
de

ep
.

•
N

B
L

se
em

s
to

ha
ve

tw
o

re
gi

on
s

of
hi

gh
er

-d
op

ed
lo

w
er

po
rt

io
n

an
d

lo
w

er
-d

op
ed

up
pe

r
po

rt
io

n
in

th
e

Si
bo

dy
.

T
h

T
hc

fl
ln

s.
gt

,ts
dC

Id
V

fl
x
u
C

t
1O

O
j,m

A
r
j

o
4
O

5
2
2
1
&

6
C

P
R

O
D

U
C

T
F

R
W

IO
.O

u
S

l2
p

4
0

0
9

7
3

p
n

g

H
S

F
E

T
A

rr
ay

—
SC

M
C

ro
ss

.S
ec

ti
o
n

A
-A

42
2

3
2

2
f
r

n
g

M
P8

69
05

R
ep

or
t

at
42

.

T
ec

h
In

sE
gh

ts

IC
la

im
1,

T
h

e
M

P
S

A
cc

u
se

d
P

ro
d

u
ct

s
in

cl
ud

e
a

se
m

ic
o
n
d
u
ct

o
r

d
ev

ic
e

co
m

p
ri

si
n
g

a
se

co
n
d

ac
ti

v
e

re
g

io
n

se
p
ar

at
e

fr
om

th
e

fi
rs

t
ac

ti
v
e

re
gi

on
d

is
p

o
se

d
ad

ja
ce

n
t

to
th

e

E
le

m
en

t
31

a
fi

rs
t

ac
ti

v
e

re
g
io

n
an

d
w

it
h
in

w
h
ic

h
tr

an
si

st
o
rs

ca
n

be
fo

rm
ed

.
F

or
ex

am
p

le
.

th
e

H
S

F
E

T
an

d
L

S
F

E
T

ar
ra

y
s

sh
o
w

n
in

th
e

im
ag

es
re

p
ro

d
u
ce

d
at

C
la

im
I.

se
co

n
d

ac
ti

v
e

E
le

m
en

t
2

sh
o
w

s
m

u
lt

ip
le

tr
an

si
st

o
rs

w
it

h
ac

ti
v
e

re
g

io
n

s.

re
g
io

n
se

p
ar

at
e

fr
om

th
e

fi
rs

t
ac

ti
v

e
re

gi
on

d
is

p
o

se
d

ad
ja

ce
n

t
to

th
e

fi
rs

t
ac

ti
v

e
re

gi
on

an
d

P
ty

po
do

O
.fl

Q

N
4y

pc
b

e
d

Io
,e

hg
ho

r
do

pa
nt

c
o
O

C
e
n
h
,a

b
o
rt

F
tp

c
1

e

do
pa

nt
nn

no
nO

ot
.o

n

T
o
c
tI

rn
g
O

t
oM

IU
C

-
-

-
10

O
pn

i

-

.)
4G

o2
2P

D
3C

8
S

,l
M

C
F

R
W

1O
O

u
51

2p
40

09
73

.p
ng

H
S

F
E

T
A

rr
ay

-
sM

IM
-C

C
ro

ss
-S

ec
ti

o
n

A
-A

Pa
ge

9

Greenthread Ex. 2026, p. 150 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

12
of

12
1

P
ag

el
D

#:
15

1
E

x
h
ib

it
A

-i
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,5
10

,8
42

)
w

ith
in

w
hi

ch
tr

an
si

st
or

s
ca

n
be

fo
rm

ed
;

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

in
cl

ud
e

a
se

m
ic

on
du

ct
or

de
vi

ce
co

m
pr

is
in

g
tr

an
si

st
or

s
fo

rm
ed

in
at

le
as

t
on

e
of

th
e

fi
rs

t
ac

tiv
e

re
gi

on
or

se
co

nd
ac

tiv
e

re
gi

on
.

Se
e

ai
m

ab
ov

e
at

Pr
ea

m
bl

e,
E

le
m

en
ts

2-
3

(d
is

cu
ss

in
g

th
e

1-
IS

FE
T

A
N

D
L

SF
E

T
ar

ra
ys

).
E

le
m

en
t

4J
tr

an
si

st
or

s
fo

rm
ed

in
at

le
as

t
on

e
of

th
e

fi
rs

t
ac

tiv
e

re
gi

on
or

se
co

nd
ac

tiv
e

re
gi

on
;

an
d

IC
la

im
1,

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
ab

ov
e

at
E

le
m

en
t

I.
Fo

r
ex

am
pl

e,
th

is
is

sh
ow

n
by

th
e

sc
an

ni
ng

ca
pa

ci
ta

nc
e/

m
ic

ro
w

av
e

im
pe

da
nc

e
E

le
m

en
t

51
at

m
ic

ro
sc

op
y

(S
C

M
/s

M
JM

)
an

al
ys

is
.

SC
M

/s
M

lM
el

ec
tr

ic
al

ly
ch

ar
ac

te
ri

ze
s

th
e

te
st

ed
de

vi
ce

an
d

ge
ne

ra
te

s
m

ap
s,

w
hi

ch
pr

ov
id

e
gr

ap
hi

ca
l

re
pr

es
en

ta
ti

on
of

th
e

le
as

t
a

po
rt

io
n

do
pa

nt
ty

pe
s

an
d

co
nc

en
tr

at
io

ns
by

m
ea

su
ri

ng
ca

rr
ie

r
m

ov
em

en
t

as
th

ey
ar

e
at

tr
ac

te
d

to
or

re
pu

ls
ed

by
th

e
pr

ob
e.

T
he

SC
M

/S
M

IM
m

ap
s

ta
ke

n
fr

om
M

PS
of

at
le

as
t

on
e

A
cc

us
ed

Pr
od

uc
ts

sh
ow

n
he

re
in

de
m

on
st

ra
te

di
ff

er
en

ce
s

in
ca

rr
ie

r
co

nc
en

tr
at

io
n

as
a

fu
nc

tio
n

of
de

pt
h,

w
hi

ch
ge

ne
ra

te
el

ec
tr

ic
fi

el
ds

w
ith

in
th

e
ac

cu
se

d
of

th
e

fi
rs

t
an

d
pr

od
uc

ts
.

T
he

co
nt

ra
st

in
th

e
SM

IM
im

ag
e

is
pr

op
or

tio
na

l
to

th
e

ca
pa

ci
ta

nc
e

of
th

e
sa

m
pl

e
un

de
r

in
sp

ec
tio

n,
so

th
at

br
ig

ht
er

gr
ee

n
co

rr
es

po
nd

s
to

hi
gh

er
se

co
nd

ac
tiv

e
do

pa
nt

co
nc

en
tr

at
io

n,
an

d
da

rk
er

gr
ee

n/
bl

ac
k

co
rr

es
po

nd
s

to
lo

w
er

do
pa

nt
co

nc
en

tr
at

io
n.

L
ik

ew
is

e,
th

e
SC

M
im

ag
es

ab
ov

e
sh

ow
do

pi
ng

co
nc

en
tr

at
io

n
an

d
re

gi
on

s
do

pi
ng

ty
pe

as
in

di
ca

te
d

in
th

e
le

ge
nd

s
to

th
e

ri
gh

t.
Z

oo
m

in
g

in
on

th
e

sM
)M

-C
im

ag
e

ta
ke

n
fr

om
pa

ge
43

of
th

e
T

ec
h

In
si

gh
ts

re
po

rt
cl

ea
rl

y
sh

ow
s

ve
rt

ic
al

ha
vi

ng
at

le
as

t
do

pa
nt

gr
ad

in
g

in
th

e
ac

tiv
e

re
gi

on
s

su
ro

un
di

ng
th

e
so

ur
ce

,
ga

te
,

an
d

dr
ai

n.
T

he
im

ag
e

of
th

e
L

SF
E

T
ar

ra
y

(r
ep

ro
du

ce
d

be
lo

w
)

al
so

sh
ow

s
gr

ad
in

g
ne

ar
th

e
on

e
gr

ad
ed

so
ur

ce
an

d
dr

ai
n

an
d

in
w

el
ls

.
do

pa
nt

co
nc

en
tr

at
io

n
to

ai
d

ca
rr

ie
r

m
ov

em
en

t
fr

om
th

e
fi

rs
t

su
rf

ac
e

to
th

e
se

co
nd

su
rf

ac
e

of
th

e
su

bs
tr

at
e.

Pa
ge

10

Greenthread Ex. 2026, p. 151 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
F

il
ed

05
/2

6/
23

P
ag

e
13

of
12

1
P

ag
el

D
#:

15
2

E
x
h
ib

it
A

-I
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,5
10

,8
42

)

M
P

95
02

D
ie

L
S

F
E

T
A

rr
ay

—
P-

an
d

N
-T

yp
e

R
eg

io
n
s

•
SC

M
an

d
sM

IM
-C

an
al

ys
is

of
th

e
L

SF
E

T
ar

ra
y

sh
ow

th
e

u
se

of
a

P
-t

yp
e

bo
dy

re
gi

on
,

sh
al

lo
w

er
N

-d
ri

ft
/N

-w
el

l
in

th
e

dr
ai

n
re

gi
on

,
an

d
N

B
L

is
ab

se
n
t

in
th

e

L
SF

E
T

ar
ra

y

•
T

he
P-

w
el

l
is

—
2.1

p
m

de
ep

,
th

e
P

-b
od

y
is

—
t3

pm
de

ep
,

w
hi

le
th

e
dr

ai
n

N
-d

ri
ft

N
-w

el
l

is
—

0.
9

pm
de

ep
,

sh
al

lo
w

er
th

an
1

2
pm

ob
se

rv
ed

in
th

e
t-

tS
FE

T
ar

ra
y.

•
B

ot
h

H
SF

E
T

an
d

L
SF

E
T

ar
ra

y
lik

el
y

sh
ar

e
th

e
P-

w
el

l
an

d
P

-b
od

y
m

as
ks

,
bu

t
us

e
di

ff
er

en
t

m
as

k
fo

r
dr

ai
n

dn
ft

re
gi

on
.

-
T

he
ef

fe
ct

iv
e

ch
an

ne
l

le
n

g
th

de
fi

ne
d

by
do

pa
nt

bo
un

da
ry

is
es

ti
m

at
ed

to
be

-0
5

pm
in

th
e

L
S

F
E

T
ar

ra
y.

M
P8

69
05

S
up

pl
em

en
ta

l
R

ep
or

t
at

2.

O
1
5
)

j

j
N

i
i
r
t
i
,

O
,9

pm

T
ec

fl
In

SQ
hi

,
dC

id
V

P
rc

du
C

t
IS

O
nc

L
S

F
E

T
A

rr
ay

—
SC

M
C

ro
ss

-S
ec

ti
o

n
A

-A

2
A
c
i

C
2
r

T
.C

A
.’

c
w

n
c
c

A
l
c
ç
tc

-
te

ch
T

.c
fl

ir
Ø

it
%

iM
IM

C

A
y

2
O

4
•
’
.’

2
’
.C

”
/
’
.C

S
i

5
1
2
p

_
4
0
0

5
1
J

p

L
S

F
E

T
A

rr
ay

—
sM

IM
-C

C
ro

ss
-S

ec
ti

o
n

A
-A

ec
h

n
si

g
h
ts

P5
25

It

Greenthread Ex. 2026, p. 152 of 260 
MPS v. Greenthread 

IPR2024-00550



Lfl

C,
ct
0

I.l)

-a

=
G)
= .

D

o

—z

o
0
>

(N

ci,

C)

cL)

0

bFj

C

C
bIJ

I
I

cJJ
C,

t
C

a)

C’

00

2

Greenthread Ex. 2026, p. 153 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1
:2

3
-c

v
-0

0
5
7
9
-U

N
A

D
o
cu

m
en

t
1-

8
F

il
ed

0
5
/2

6
/2

3
P

ag
e

15
of

12
1

P
ag

el
D

#:
15

4

E
x
h
ib

it
A

-i
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,5
10

,8
42

)

P
-t

yp
e

d.
op

rn
g

u
n

d
o
p
ed

!
h
ig

h
ly

d
o
p
ed

N
-t

yp
e

do
pi

ng

T
ec

h.

T
ec

hl
ns

ig
ht

s’
dG

Id
V

P
ro

du
ct

10
O

i.i
m

A
rr

a’
_2

_O
40

62
2

1
5
5
3
5
2
_
P

R
O

D
U

C
T

F
R

W
_
i 0

0
u
_
5

12
p_

4Q
09

73
.p

ng

L
S

F
E

T
A

rr
ay

—
SC

M
C

ro
ss

-S
ec

ti
o
n

A
-A

M
P8

69
05

R
ep

or
t

at
43

.

Pa
ge

3

Greenthread Ex. 2026, p. 154 of 260 
MPS v. Greenthread 

IPR2024-00550



2.
T

he
se

m
ic

on
du

ct
or

de
vi

ce
of

cl
ai

m
I,

w
he

re
in

th
e

su
bs

tr
at

e
is

a

F
IG

.
5

C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

16
of

12
1

P
ag

el
D

#:
15

5
E

x
h
ib

it
A

-i
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,5
10

,8
42

)

A
dd

iti
on

al
ly

,
M

PS
’

an
nu

al
re

po
rt

st
at

es
th

at
it

se
ek

s
pa

te
nt

pr
ot

ec
tio

n
ba

se
d

on
its

pr
od

uc
t

de
si

gn
s

de
si

gn
s:

“I
n

ge
ne

ra
l,

w
e

ha
ve

el
ec

te
d

to
pu

rs
ue

pa
te

nt
pr

ot
ec

tio
n

fo
r

as
pe

ct
s

of
ou

r
ci

rc
ui

t
an

d
de

vi
ce

de
si

gn
s

th
at

w
e

be
lie

ve
ar

e
pa

te
nt

ab
le

.”
Se

e
M

PS
“2

02
1

A
N

N
U

A
L

R
E

PO
R

T
O

N
FO

R
M

10
-K

”
at

4.
T

he
re

fo
re

,
th

e
pu

rp
or

te
d

in
ve

nt
io

ns
de

sc
ri

be
d

in
M

PS
’s

pa
te

nt
s

ar
e

an
in

di
ca

tio
n

of
ho

w
its

pr
od

uc
ts

op
er

at
e.

T
he

de
sc

ri
pt

io
ns

of
M

PS
’s

pu
rp

or
te

d
in

ve
nt

io
ns

in
its

pa
te

nt
ap

pl
ic

at
io

ns
co

nf
ir

m
th

at
its

pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Fo

r
ex

am
pl

e,
Fi

gu
re

5
of

M
PS

U
.S

.
Pa

te
nt

N
o.

8,
70

4,
29

2
(b

el
ow

)
cl

ea
rl

y
sh

ow
s

th
e

us
e

of
gr

ad
ed

do
pa

nt
s

in
ac

tiv
e

an
d

w
el

l
re

gi
on

s
fo

r
th

e
pu

rp
os

es
of

cr
ea

tin
g

el
ec

tr
ic

fi
el

ds
to

ai
d

ca
rr

ie
r

m
ov

em
en

t.
T

he
pa

te
nt

re
ci

te
s

th
at

“T
he

da
sh

ed
lin

e
in

FI
G

.5
sh

ow
s

a
un

if
or

m
el

ec
tr

ic
fi

el
d

di
st

ri
bu

tio
n

as
so

ci
at

ed
w

ith
an

ex
am

pl
e

dr
if

t
re

gi
on

do
pi

ng
pr

of
ile

.”

E
le

ct
ri

c
Fi

el
d

L
ow

er
D

op
in

g
N

ea
r

S
ou

rc
e

P
ro

vi
de

s
L

ow
er

E
le

ct
ri

c
Fi

el
d

,
A

w
ith

gr
ad

ed
w

ith
un

if
or

m
do

pi
ng

x
0

x
l

X
2

D
ep

th

U
po

n
in

fo
rm

at
io

n
an

d
be

li
ef

th
e

su
bs

tr
at

e
of

th
e

se
m

ic
on

du
ct

or
de

vi
ce

of
th

e
M

PS
A

cc
us

ed
Pr

od
uc

ts
is

a
p-

ty
pe

su
bs

ta
nc

e,
as

di
sc

us
se

d
ab

ov
e

an
d

sh
ow

n
in

SC
M

/s
M

IM
an

al
ys

is
ab

ov
e.

Pa
ge

4

Greenthread Ex. 2026, p. 155 of 260 
MPS v. Greenthread 

IPR2024-00550



C
a
s
e

1
:2

3
-
c
v
-
0
0
5
7
9
-
U

N
A

D
o
c
u
m

e
n
t

1
-
8

F
il

e
d

0
5

/
2

6
/
2

3
P

a
g
e

1
7

o
f

1
2

1
P

a
g
e
l
D

#
:

1
5
6

E
x
h
ib

it
A

-i
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,5
10

,8
42

)

p-
ty

pe
su

bs
tr

at
e.

4.
T

he
se

m
ic

on
du

ct
or

de
vi

ce
of

c
la

im
I,

w
he

re
in

th
e

su
bs

tr
at

e
ha

s
ep

it
ax

ia
l

si
li

co
n

on
to

p
of

a
no

ne
pi

ta
xi

al
su

bs
tr

at
e.

D
ev

ic
e

S
u
m

m
ar

y

•
T

hi
s

re
po

rt
pr

es
en

ts
a

P
ow

er
E

ss
en

ti
al

s
an

al
ys

is
of

th
e

M
PS

M
P

86
90

5
si

lic
on

(S
i)

-b
as

ed

po
w

er
m

an
ag

em
en

t
IC

(P
M

IC
).

T
he

M
P

86
90

5
is

a
m

on
ol

ith
ic

ha
lf

-b
ri

dg
e

w
ith

bu
ilt

-i
n

in
te

rn
al

po
w

er
M

O
S

F
E

T
s

an
d

ga
te

dn
ve

rs
an

d
is

id
ea

lly
su

it
ed

fo
r

m
ul

ti
-p

ha
se

bu
ck

re
gu

la
to

rs
.

It
of

fe
rs

50
A

co
nt

in
uo

us
ou

tp
ut

cu
rr

en
t

ov
er

a
w

id
e

4.
5

V
to

16
V

op
er

at
in

g

in
pu

t
ra

n
g
e

[2
].

•
T

he
M

P
86

90
5

co
m

p
ri

se
s

a
si

ng
le

di
e

w
ith

M
P

95
02

di
e

m
ar

ki
ng

s,
w

hi
ch

ar
e

en
ca

p
su

la
te

d

in
a

23
-p

in
fli

p-
C

hi
p

qu
ad

-f
la

t-
no

-l
ea

d
(F

C
-Q

FN
)

pa
ck

ag
e

w
ith

lik
el

y
co

pp
er

(C
u>

bu
m

pi
ng

di
re

ct
ly

to
th

e
le

ad
fr

am
e

T
he

M
P

95
02

di
e

su
bs

tr
at

e
is

—
15

5
pm

th
ic

k
in

cl
ud

in
g

th
e

up
pe

r
ep

it
ax

y
la

ye
r

an
d

us
es

B
ip

ol
ar

-C
M

O
S-

D
M

O
S

(B
C

D
)

te
ch

no
lo

gy
.

It
fe

at
ur

es
a

si
ng

le
la

ye
r

of
po

ly
si

lic
on

in
th

e

an
al

yz
ed

re
gi

on
s,

th
re

e
al

um
in

um
(A

l)
m

et
al

la
ye

rs
,

tu
ng

st
en

(W
)

co
nt

ac
ts

an
d

vi
as

.
co

ba
lt

su
ic

id
e

(C
oS

i)
at

th
e

so
ur

ce
,

dr
ai

n,
an

d
po

ly
si

lic
on

co
nt

ac
t

re
gi

on
s.

T
he

pr
e-

m
et

al
di

el
ec

tr
ic

(P
M

D
)

u
se

s
si

lic
on

ox
id

e
(S

iO
)

la
ye

rs
,

w
hi

le
th

e
in

te
r-

m
et

al
di

el
ec

tr
ic

(I
M

D
)

la
ye

rs
u

se
s

ox
id

e
as

w
el

t
Is

ol
at

io
n

st
ru

ct
ur

es
in

cl
ud

e
sh

al
lo

w
tr

en
ch

is
ol

at
io

n
(S

T
I)

in
th

e
lo

gi
c

re
gi

on
.

O
ne

gr
ou

p
of

hi
gh

si
de

M
O

SF
E

T
(H

SF
E

T
)

ar
ra

y
ar

id
tw

o
gr

ou
ps

of
lo

w
si

de
M

O
SF

E
T

(L
SF

E
T

)
ar

ra
y

ar
e

us
ed

on
th

e
di

e.
T

he
st

ru
ct

u
re

an
d

do
pa

nt
s

of
th

e
H

SI
L

S
FE

T
ar

ra
ys

ar
e

an
al

yz
ed

.
D

op
an

t
an

al
ys

is
in

th
e

H
S/

L
S

FE
T

ar
ra

y
re

gi
on

sh
ow

s
th

e
us

e
of

a
P

-t
yp

e

su
bs

tr
at

e,
an

N
-t

yp
e

bu
ri

ed
la

ye
r

(N
B

L)
,

a
N

-d
nf

tlN
-w

el
l

la
ye

r
an

d
a

P-
w

el
l

la
ye

r.

T
he

st
ep

pe
d-

ga
te

-o
xi

de
(S

G
O

)
is

us
ed

in
th

e
L

D
M

O
S

de
vi

ce
s

on
th

is
di

e.
T

he
us

e
of

S
G

O

al
lo

w
s

a
re

du
ct

io
n

of
on

-r
es

is
ta

nc
e

(R
on

)
co

m
pa

re
d

w
ith

th
e

co
nv

en
ti

on
al

ST
I

L
D

M
O

S
[3

].

•
T

he
H

SF
E

T
is

ar
ra

ng
ed

in
a

on
e-

di
m

en
si

on
al

(I
D

)
ar

ra
y

w
ith

a
—

4.
0

pm
dr

ai
n-

to
-d

ra
in

pi
tc

h

an
d

-0
.6

6
pm

to
ta

l
po

ly
si

li
co

n
ga

te
le

ng
th

,
w

$i
ile

th
e

IS
F

E
T

is
ar

ra
ng

ed
w

ith
—

3.
4

pm

dr
ai

n-
to

-d
ra

in
pi

tc
h

an
d

—
0.

60
pm

to
ta

l
po

ly
si

lic
on

ga
te

le
ng

th
in

to
ta

l.

In
th

e
lo

gi
c

re
gi

on
,

th
e

m
in

im
um

ob
se

rv
ed

ga
te

le
ng

th
is

0.
40

pm
on

a
0.

86
pm

co
n

ta
ct

ed

ga
te

pi
tc

h,
in

di
ca

tin
g

th
e

u
se

of
lik

el
y

0.
18

pm
pr

oc
es

s
ge

ne
ra

ti
on

w
ith

re
la

xe
d

fe
at

ur
e

di
m

en
si

on
s.

M
an

uf
ac

tu
re

r
M

on
ol

ith
ic

P
ow

er
S

ys
te

m
s

P
ar

t
n
u
m

b
er

M
P

86
90

5

F
o
u
n
d
ry

U
nk

no
w

n

T
y
p
e

PM
IC

D
at

e
co

d
e

H
39

(w
ee

k
39

of
2
0
1
7
)

P
ac

k
ag

e
ty

pe
23

-p
in

FC
-Q

FN

M
PS

H
39

P
ac

k
ag

e
m

ar
ki

ng
s

M
86

90
5

54
U

40
3

.
.

3
.9

7
m

m
3
.9

7
m

m
”
0
.8

2
m

m
P

ac
k

ag
e

d
im

en
si

o
n
s

(t
h
ic

k
)

.
.

M
P9

50
2

20
13

D
ie

m
ar

k
in

g
s

<M
PS

D
ie

si
ze

(w
ho

le
di

e)
3.

38
mm

3.
14

m
m

(1
0.

61
m

m
2)

D
ie

si
ze

(e
dg

e
se

al
)

3.
36

m
m

x
3.

12
m

m
(1

0.
48

m
m

7)

M
in

im
um

m
ea

su
re

d
tr

an
si

st
o
r

0.
40

pm
IO

.8
6

pm
g

at
e

Ie
ng

th
lp

it
ch

li
ke

ly
0.

18
pm

p
ro

ce
ss

P
ro

ce
ss

g
en

er
at

io
n

ge
ne

ra
ti

on
w

ith
re

la
xe

d
fe

at
ur

e
di

m
en

si
on

s

F
ea

tu
re

m
ea

su
re

d
to

d
et

er
m

in
e

C
on

ta
ct

ed
ga

te
pi

tc
h,

us
e

of
C

oS
t

p
ro

ce
ss

g
en

er
at

io
n

co
nt

ac
ts

,
ST

I
is

ol
at

io
n

M
ax

im
um

vo
lt

ag
e

(2
]

18
V

5
A

l
0
2
0
2
2
T

d
*
ç
i
.

A
l

T
ec

h
In

si
gh

ts

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

ab
ov

e
at

C
la

im
2.

.
T

he
se

m
ic

on
du

ct
or

de
vi

ce
of

cl
ai

m
I,

w
he

re
in

th
e

fi
rs

t
ac

ti
ve

U
po

n
in

fo
rm

at
io

n
an

d
be

li
ef

,
th

e
su

bs
tr

at
e

of
th

e
M

PS
A

cc
us

ed
P

ro
du

ct
s

ha
s

ep
it

ax
ia

l
si

li
co

n
on

to
p

of
a

no
ne

pi
ta

xi
al

su
bs

tr
at

e.
Fo

r
ex

am
pl

e,
th

e
de

vi
ce

su
m

m
ar

y
sh

ow
n

be
lo

w
in

cl
ud

es
an

up
pe

r
ep

ita
xy

la
ye

r.

Pa
ge

15

Greenthread Ex. 2026, p. 156 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Pi
le

d
05

/2
6/

23
P

ag
e

18
of

12
1

P
ag

el
D

#:
15

7
E

xh
ib

it
A

-i
to

G
re

en
th

re
ad

’s
C

om
pl

ai
nt

(U
.S

.
P

at
en

t
N

o.
10

,5
10

,8
42

)

re
gi

on
an

d
se

co
nd

ac
ti

ve
re

gi
on

co
nt

ai
n

on
e

o
f

ei
th

er
p-

ch
an

ne
l

an
d

n-
ch

an
ne

l
de

vi
ce

s.

T
h

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

A
s

sh
ow

n
ab

ov
e,

th
e

so
ur

ce
s

an
d

dr
ai

ns
ar

e
n-

do
pe

d
an

d
th

er
ef

or
e

th
e

de
vi

ce
is

p-
ch

an
ne

l.
T

he
fi

rs
t

an
d

se
co

nd
e

ac
ti

ve
re

gi
on

s
ac

co
rd

in
gl

y
co

nt
ai

ns
p-

ch
an

ne
l

de
vi

ce
s.

Se
e

T
ec

h
In

si
gh

ts
R

ep
or

t
im

ag
es

re
pr

od
uc

ed
ab

ov
e

at
C

la
im

1,
E

le
m

en
t

2.
se

m
ic

on
du

ct
or

de
vi

ce
o
f

cl
ai

m
I,

w
he

re
in

th
e

fi
rs

t
ac

ti
ve

re
gi

on
an

d
se

co
nd

ac
ti

ve
re

gi
on

co
nt

ai
n

ei
th

er
p

ch
an

ne
l

or
n

ch
an

ne
l

de
vi

ce
s

in
n

w
el

ls
or

p
w

el
ls

,
re

sp
ec

ti
ve

ly
,

an
d

ea
ch

w
el

l
ha

s
a

gr
ad

ed
do

pa
nt

.

7
T

h
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
T

he
fi

rs
t

ac
ti

ve
re

gi
on

an
d

se
co

nd
ac

ti
ve

re
gi

on
ha

ve
n-

ty
pe

do
pa

nt
an

d
co

nt
ai

n
p-

ch
an

ne
l

de
vi

ce
s

in
n-

w
el

ls
.

e
T

he
w

el
ls

ha
ve

gr
ad

ed
do

pa
nt

s.
Se

e
T

ec
h

In
si

gh
ts

R
ep

or
t

im
ag

es
re

pr
od

uc
ed

ab
ov

e
at

C
la

im
I,

E
le

m
en

t
2

an
no

ta
ti

ng
“n

-w
el

ls
.”

se
m

ic
on

du
ct

or
de

vi
ce

o
f

cl
ai

m
I,

w
he

re
in

th
e

fi
rs

t
ac

ti
ve

re
gi

on
an

d
se

co
nd

ac
ti

ve
re

gi
on

ar
e

ea
ch

se
pa

ra
te

d
by

at
le

as
t

on
e

is
ol

at
io

n
re

gi
on

.

Pa
ge

16

Greenthread Ex. 2026, p. 157 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
fl

ie
d

05
/2

6/
23

P
ag

e
19

of
12

1
P

ag
el

D
#:

15
8

E
xh

ib
it

A
-i

to
G

re
en

th
re

ad
’s

C
o

m
p

la
in

t
(U

.S
.

P
at

en
t

N
o.

10
,5

10
,8

42
)

8
T

h
U

po
n

in
fo

rm
at

io
n

an
d

be
lie

f,
th

e
gr

ad
ed

do
pa

nt
is

fa
br

ic
at

ed
w

ith
an

io
n

im
pl

an
ta

ti
on

pr
oc

es
s.

Fo
r

ex
am

pl
e,

io
n

im
pl

an
ta

ti
on

is
th

e
pr

ev
al

en
t

pr
oc

es
s

fo
r

.
e

im
pl

em
en

ti
ng

do
pi

ng
in

se
m

ic
on

du
ct

or
de

vi
ce

s,
an

d
is

be
li

ev
ed

to
be

us
ed

fo
r

th
e

M
P

S
’s

A
cc

us
ed

P
ro

du
ct

s.
M

P
S

’s
re

ce
nt

pa
te

nt
ap

pl
ic

at
io

ns
re

fe
re

nc
e

fo
rm

in
g

se
m

ic
on

du
ct

or
N

re
gi

on
s

an
d

P
re

gi
on

s
by

io
n

im
pl

an
ta

ti
on

.
In

fo
rm

at
io

n
ab

ou
t

th
e

fa
br

ic
at

io
n

pr
oc

es
s

fo
r

th
e

M
PS

A
cc

us
ed

P
ro

du
ct

s,
in

cl
ud

in
g

us
ag

e
of

an
io

n
im

pl
an

ta
ti

on

c
la

i1
pr

oc
es

s,
is

in
th

e
po

ss
es

si
on

o
f

D
ef

en
da

nt
an

d
is

ex
pe

ct
ed

to
be

ob
ta

in
ed

th
ro

ug
h

di
sc

ov
er

y.

w
he

re
in

th
e

gr
ad

ed
do

pa
nt

is
fa

br
ic

at
ed

w
ith

an
io

n
im

pl
an

ta
ti

on
pr

oc
es

s.

•
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
S

ee
ab

ov
e

at
C

la
im

I,
E

le
m

en
ts

1-
3.

IC
la

im
9,

P
re

am
bl

el
A

se
m

ic
on

du
ct

or
de

vi
ce

,
co

m
pr

is
in

g:

•
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
ab

ov
e

at
C

la
im

I,
E

le
m

en
t

I.
IC

la
im

9,
E

le
m

en
t

II
a

su
bs

tr
at

e
of

a
fi

rs
t

do
pi

ng
ty

pe
at

a
fi

rs
t

do
pi

ng
le

ve
l

ha
vi

ng
fi

rs
t

an
d

se
co

nd
su

rf
ac

es
;

.
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n
.5

c
c

ab
ov

e
at

C
la

im
I,

E
le

m
en

t
2.

U
po

n
in

fo
rm

at
io

n
an

d
be

lie
f,

tr
an

si
st

or
s

ca
n

be
fo

rm
ed

in
th

e
su

rf
ac

e
o

f
th

e

I
at

21
a

fi
rs

t
ac

ti
ve

re
gi

on
.

D
et

ai
ls

re
ga

rd
in

g
fo

rm
at

io
n

o
f

tr
an

si
st

or
s

ar
e

in
th

e
po

ss
es

si
on

of
D

ef
en

da
nt

an
d

ar
e

ex
pe

ct
ed

to
be

ob
ta

in
ed

th
ro

ug
h

di
sc

ov
et

y.

fi
rs

t
ac

ti
ve

re
gi

on
di

sp
os

ed
ad

ja
ce

nt
th

e
fi

rs
t

su
rf

ac
e

of
th

e
su

bs
tr

at
e

w
ith

a
se

co
nd

do
pi

ng
ty

pe
op

po
si

te
in

co
nd

uc
ti

vi
ty

to
th

e
fi

rs
t

do
pi

ng
ty

pe
an

d
w

ith
in

Pa
ge

17

Greenthread Ex. 2026, p. 158 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Pi
le

d
05

/2
6/

23
P

ag
e

20
of

12
1

P
ag

el
D

II:
15

9
E

x
h
ib

it
A

-i
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,5
10

,8
42

)

w
hi

ch
tr

an
si

st
or

s
ca

n
be

fo
rm

ed
in

th
e

su
rf

ac
e

th
er

eo
f

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
ab

ov
e

at
C

la
im

1,
E

le
m

en
t

3.
U

po
n

in
fo

rm
at

io
n

an
d

be
li

ef
tr

an
si

st
or

s
ca

n
be

fo
rm

ed
in

th
e

su
rf

ac
e

of
th

e

m
e
n
(

a
se

co
nd

ac
tiv

e
re

gi
on

.
D

et
ai

ls
re

ga
rd

in
g

fo
rm

at
io

n
of

tr
an

si
st

or
s

ar
e

in
th

e
po

ss
es

si
on

of
D

ef
en

da
nt

an
d

ar
e

ex
pe

ct
ed

to
be

ob
ta

in
ed

th
ro

ug
h

di
sc

ov
er

y.

se
co

nd
ac

tiv
e

re
gi

on
se

pa
ra

te
fr

om
th

e
fi

rs
t

ac
tiv

e
re

gi
on

di
sp

os
ed

ad
ja

ce
nt

to
th

e
fi

rs
t

ac
tiv

e
re

gi
on

an
d

w
ith

in
w

hi
ch

tr
an

si
st

or
s

ca
n

be
fo

rm
ed

in
th

e
su

rf
ac

e
th

er
eo

f;

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
ab

ov
e

at
C

la
im

I,
E

le
m

en
t

4.
(C

la
im

9,
E

le
m

en
t

41
tr

an
si

st
or

s
fo

rm
ed

in
at

le
as

t
on

e
of

th
e

fi
rs

t
ac

tiv
e

re
gi

on
or

se
co

nd
ac

tiv
e

re
gi

on
;

an
d

.
T

he
\4

PS
A

cc
us

ed
Pr

od
uc

ts
m

ee
t

th
is

lim
ita

tio
n.

Se
e

ab
ov

e
at

C
la

im
I,

E
le

m
en

t
5.

IC
la

im
9,

E
le

m
en

t
I

at
le

as
t

a
po

rt
io

n
of

at
le

as
t

on
e

of
th

e
fi

rs
t

an
d

se
co

nd
ac

tiv
e

re
gi

on
s

ha
vi

ng
at

le
as

t
on

e
gr

ad
ed

o
p

a
n
t

P
ig

e
8

Greenthread Ex. 2026, p. 159 of 260 
MPS v. Greenthread 

IPR2024-00550



0
(D

a)
C)
c’:j
0

4—

A
-C •

LLE

—

a)
C

D

o

—z

o
0

C-)

çi
-4
a)
(I,

C-)

C’

C’
C

Greenthread Ex. 2026, p. 160 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

22
of

12
1

P
ag

el
D

#:
16

1
E

x
h
ib

it
A

-i
to

G
re

en
th

re
at

i’
s

C
o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,5
10

,8
42

)
ei

th
er

p
ch

an
ne

l
or

n
ch

an
ne

l
de

vi
ce

s
in

n
w

el
ls

or
p

w
el

ls
,

re
sp

ec
tiv

el
y,

an
d

ea
ch

w
el

l
ha

s
a

gr
ad

ed
do

pa
nt

.

15
T

he
U

po
n

in
fo

rm
at

io
n

an
d

be
lie

f,
th

e
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
ab

ov
e

at
C

la
im

7.

se
m

ic
on

du
ct

or
de

vi
ce

of
cl

ai
m

9,
w

he
re

in
th

e
fi

rs
t

ac
ti

ve
re

gi
on

an
d

se
co

nd
ac

tiv
e

re
gi

on
ar

e
ea

ch
se

pa
ra

te
d

by
at

le
as

t
on

e
is

ol
at

io
n

re
gi

on
.

U
po

n
in

fo
rm

at
io

n
an

d
be

lie
f,

th
e

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

ab
ov

e
at

C
la

im
8.

16
.

T
he

se
m

ic
on

du
ct

or
de

vi
ce

of
cl

ai
m

9,
w

he
re

in
th

e
gr

ad
ed

do
pa

nt
is

fa
br

ic
at

ed
w

ith
an

io
n

im
pl

an
ta

tio
n

pr
oc

es
s.

T
he

N
4P

S
A

cc
us

ed
Pr

od
uc

ts
m

ee
t

th
is

lim
ita

tio
n.

Se
e

ab
ov

e
at

C
la

im
I,

E
le

m
en

ts
2-

3.
17

.
T

he
se

m
ic

on
du

ct
or

de
vi

ce
of

cl
ai

m
I,

w
he

re
in

th
e

fi
rs

t
an

d
se

co
nd

ac
ti

ve

Pa
ge

20

Greenthread Ex. 2026, p. 161 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1
:2

3
-c

v
-0

0
5
7
9
-U

N
A

D
o
cu

m
en

t
1-

8
F

il
ed

0
5
/2

6
/2

3
P

ag
e

23
of

12
1

P
ag

el
D

#:
16

2

E
x

h
ib

it
A

-i
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,5
10

,8
42

)

re
gi

on
s

ar
e

fo
rm

ed
ad

ja
ce

nt
th

e
fi

rs
t

su
rf

ac
e

of
th

e
su

bs
tr

at
e.

18
T

h
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
A

s
di

sc
us

se
d

ab
ov

e
fo

r
C

la
im

1,
th

e
M

PS
A

cc
us

ed
P

ro
du

ct
s

in
cl

ud
e

fi
rs

t
an

d
se

co
nd

ac
ti

ve
re

gi
on

s.
U

po
n

e
in

fo
rm

at
io

n
an

d
be

lie
f,

C
M

O
S

tr
an

si
st

or
s

fo
rm

ed
in

th
e

fi
rs

t
an

d
se

co
nd

ac
ti

ve
re

gi
on

s,
th

e
C

M
O

S
tr

an
si

st
or

s
re

qu
ir

in
g

a
so

ur
ce

,
a

dr
ai

n,
a

ga
te

,
an

d
a

ch
an

ne
l

se
m

ic
on

du
ct

or
re

gi
on

.
D

et
ai

ls
re

ga
rd

in
g

tr
an

si
st

or
s

us
ed

ar
e

in
th

e
po

ss
es

si
on

o
f

D
ef

en
da

nt
an

d
ar

e
ex

pe
ct

ed
to

be
ob

ta
in

ed
th

ro
ug

h
di

sc
ov

er
y.

cl
ai

m
I,

w
he

re
in

th
e

tr
an

si
st

or
s

w
hi

ch
ca

n
be

fo
rm

ed
in

th
e

fi
rs

t
an

d
se

co
nd

ac
ti

ve
re

gi
on

s
ar

e
C

M
O

S
tr

an
si

st
or

s
re

qu
ir

in
g

a
So

ur
ce

,
a

dr
ai

n,
a

ga
te

an
d

a
ch

an
ne

l
re

gi
on

.

Pa
ge

21

Greenthread Ex. 2026, p. 162 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

24
of

12
1

P
ag

el
D

#:
16

3
E

x
h
ib

it
A

-2
to

C
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,7
34

,4
81

)

U
.S

.
P

at
en

t
N

o.
E

xe
m

pl
ar

y
A

cc
us

ed
P

ro
du

ct
10

,7
34

,4
81

M
PS

86
90

5
In

te
ll

i-
P

ha
se

So
lu

tio
n

w
ith

in
te

gr
at

ed
H

S
/L

S
-F

E
T

s
an

d
D

ri
ve

r

IC
la

im
1,

T
o

th
e

ex
te

nt
th

e
pr

ea
m

bl
e

is
a

lim
ita

tio
n,

th
e

M
PS

A
cc

us
ed

Pr
od

uc
ts

co
ns

tit
ut

e
an

d
ar

e
in

co
rp

or
at

ed
in

to
se

m
ic

on
du

ct
or

de
vi

ce
s.

T
hi

s
ch

ar
t

in
cl

ud
es

P
re

am
bl

el
A

ex
em

pl
ar

y
in

fo
rm

at
io

n
re

ga
rd

in
g

a
re

pr
es

en
ta

ti
ve

ex
am

pl
e

of
th

e
M

PS
S

em
ic

on
du

ct
or

86
90

5
In

te
lli

-P
ha

se
So

lu
tio

n
w

ith
in

te
gr

at
ed

H
S/

L
S-

FE
T

s
an

d
D

ri
ve

r
se

m
ic

on
du

ct
or

(“
86

90
5”

).
T

he
86

90
5

w
as

an
al

yz
ed

in
th

e
be

lo
w

re
fe

re
nc

ed
re

po
rt

fr
om

T
ec

h
In

si
gh

ts
.

M
PS

M
P8

69
05

ln
te

lli
-P

ha
se

T
M

So
lu

tio
n

w
ith

In
te

gr
at

ed
H

S
/L

S
de

vi
ce

,
FE

T
s

an
d

D
ri

ve
r

Po
w

er
E

ss
en

tia
ls

Su
m

m
ar

y
(“

M
P8

69
05

R
ep

or
t”

),
av

ai
la

bl
e

at
ht

tp
s:

//
li

br
ar

v.
te

ch
in

si
ht

s.
co

m
’s

ea
rc

h/
de

vi
ce

-d
et

ai
ls

?t
ah

re
po

rt
s&

id
P

E
F

co
m

pr
is

in
g:

22
02

-8
01

&
ge

ne
al

og
yC

od
e=

M
P

S
-M

P
95

02
.

T
he

86
90

5
w

as
al

so
an

al
yz

ed
in

a
su

pp
le

m
en

ta
l

re
po

rt
fr

om
T

ec
h

In
si

gh
ts

(“
M

P8
69

05
Su

pp
le

m
en

ta
l

R
ep

or
t”

).
Se

e
E

xh
ib

it
8

(S
up

pl
em

en
ta

l
R

ep
or

t
fo

r
PE

F-
22

02
-8

01
).

T
he

co
m

pl
et

e
re

po
rt

s
ar

e
he

re
by

in
co

rp
or

at
ed

by
re

fe
re

nc
e

in
to

ea
ch

an
d

ev
er

y
cl

ai
m

an
d

cl
ai

m
el

em
en

t
di

sc
us

se
d.

Se
le

ct
ed

pa
ge

s
ar

e
re

pr
od

uc
ed

he
re

in
to

ai
d

in
un

de
rs

ta
nd

in
g.

T
he

M
PS

86
90

5
is

re
pr

es
en

ta
ti

ve
of

th
e

M
PS

A
cc

us
ed

Pr
od

uc
ts

fo
r

pu
rp

os
es

of
th

is
cl

ai
m

ch
ar

t
an

d
th

e
ot

he
r

in
fr

in
ge

m
en

t
co

nt
en

tio
n

cl
ai

m
ch

ar
ts

be
ca

us
e

up
on

in
fo

rm
at

io
n

an
d

be
lie

f,
th

e
ot

he
r

M
PS

A
cc

us
ed

Pr
od

uc
ts

w
ou

ld
ha

ve
si

m
ila

rl
y

be
en

ad
va

nt
ag

eo
us

ly
de

si
gn

ed
to

m
ov

e
ca

rr
ie

rs
(e

.g
.,

to
w

ar
ds

th
e

su
bs

tr
at

e)
an

d
ac

hi
ev

e
th

e
pe

rf
or

m
an

ce
en

ha
nc

em
en

ts
de

sc
ri

be
d

an
d

cl
ai

m
ed

in
th

e
‘4

81
pa

te
nt

(a
nd

th
e

ot
he

r
as

se
rt

ed
pa

te
nt

s)
.

Fo
r

ex
am

pl
e,

th
e

ot
he

r
M

PS
A

cc
us

ed
Pr

od
uc

ts
w

ou
ld

si
m

ila
rl

y
ha

ve
be

en
de

si
gn

ed
w

ith
a

do
pa

nt
gr

ad
ie

nt
in

or
de

r
to

im
pr

ov
e

pe
rf

or
m

an
ce

ch
ar

ac
te

ri
st

ic
s

su
ch

as
on

an
d

of
f

sw
itc

hi
ng

tim
es

an
d

ot
he

r
pe

rf
or

m
an

ce
en

ha
nc

em
en

ts
de

sc
ri

be
d

in
th

e
A

bs
tr

ac
t

of
th

e
‘4

81
pa

te
nt

(a
nd

th
e

ot
he

r
as

se
rt

ed
pa

te
nt

s)
.

Si
m

ila
rl

y,
th

e
ot

he
r

M
PS

A
cc

us
ed

Pr
od

uc
ts

(i
nc

lu
di

ng
M

PS
A

cc
us

ed
Pr

od
uc

ts
)

w
ou

ld
ha

ve
be

en
de

si
gn

ed
in

a
si

m
ila

r
m

an
ne

r
as

th
e

M
PS

86
90

5
fo

r
pu

rp
os

es
of

th
is

cl
ai

m
ch

ar
t

to
ac

hi
ev

e
su

ch
pe

rf
or

m
an

ce
en

ha
nc

em
en

ts
(e

.g
.,

on
an

d
of

f
sw

itc
hi

ng
tim

es
).

T
he

cl
ai

m
ed

in
ve

nt
io

n
w

ou
ld

ha
ve

ap
pl

ic
at

io
n

in
nu

m
er

ou
s

ty
pe

s
of

M
PS

pr
od

uc
ts

,
in

cl
ud

in
g

sw
itc

hi
ng

co
nv

er
te

rs
an

d
co

nt
ro

lle
rs

,
m

ul
ti-

ph
as

e
co

nt
ro

lle
rs

,
po

w
er

m
an

ag
em

en
t

in
te

gr
at

ed
ci

rc
ui

ts
,

IJ
SB

sw
itc

he
s,

lo
ad

sw
itc

he
s,

M
O

FS
E

T
dr

iv
er

s.
in

so
la

te
d

ga
te

dr
iv

er
s,

di
gi

ta
l

is
ol

at
or

s.
is

ol
at

ed
D

C
/D

C
co

nv
er

te
rs

,
po

w
er

m
od

ul
es

,
ba

tte
ry

ch
ar

ge
rs

an
d

m
on

ito
rs

,
fu

el
ga

ug
es

,
st

ep
pe

r
m

ot
or

dr
iv

er
s,

br
us

hl
es

s
D

C
pr

e-
dr

iv
er

s,
br

us
hl

es
s

D
C

m
ot

or
co

nt
ro

lle
rs

,
br

us
he

d
D

C
dr

iv
er

s,
fa

n
dr

iv
er

s,
ba

ck
lig

ht
dr

iv
er

s,
au

di
o

dr
iv

er
s,

an
al

og
-t

o-
di

gi
ta

l
co

nv
er

te
rs

,
an

gu
la

r
po

si
tio

n
se

ns
or

s,
an

d
cu

rr
en

t
se

ns
or

s,
be

ca
us

e
su

ch
pr

od
uc

ts
w

ou
ld

be
ne

fi
t

fr
om

,
am

on
g

ot
he

r
th

in
gs

,
im

pr
ov

ed
sw

itc
hi

ng
tim

e
fo

r
tr

an
si

st
or

s
in

th
e

de
vi

ce
.

T
he

re
fo

re
,

up
on

in
fo

rm
at

io
n

an
d

be
li

ef
th

e
ot

he
r

M
PS

A
cc

us
ed

Pr
od

uc
ts

co
nt

ai
n

si
m

ila
r

fe
at

ur
es

as
th

e
M

PS
86

90
5

tr
an

si
st

or
s

de
pi

ct
ed

he
re

,
an

d
fu

nc
tio

n
in

a
si

m
ila

r
w

ay
w

ith
re

sp
ec

t
to

th
e

fe
at

ur
es

cl
ai

m
ed

in
th

e
as

se
rt

ed
cl

ai
m

s,
an

d
th

e
ot

he
r

M
PS

A
cc

us
ed

Pr
od

uc
ts

co
nt

ai
n

si
m

ila
r

fe
at

ur
es

as
th

e
M

PS
86

90
5,

an
d

fu
nc

tio
n

in
a

si
m

ila
r

w
ay

w
ith

re
sp

ec
t

to
th

e
fe

at
ur

es
cl

ai
m

ed
in

th
e

as
se

rt
ed

cl
ai

m
s.

T
hi

s
cl

ai
m

ch
ar

t
is

ba
se

d
on

pu
bl

ic
ly

av
ai

la
bl

e
in

fo
rm

at
io

n,
an

d
ad

di
tio

na
l

in
fo

rm
at

io
n

re
ga

rd
in

g
th

es
e

an
d

ot
he

r
ac

cu
se

d
pr

od
uc

ts
is

ex
pe

ct
ed

to
be

ob
ta

in
ed

th
ro

ug
h

di
sc

ov
er

y.
T

he
M

PS
A

cc
us

ed
Pr

od
uc

ts
,

of
w

hi
ch

M
PS

86
90

5
is

on
e

ex
am

pl
e,

ar
e

se
m

ic
on

du
ct

or
de

vi
ce

s.

Pa
ge

Greenthread Ex. 2026, p. 163 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1
:2

3
-c

v
-0

0
5
7
9
-U

N
A

D
o
cu

m
en

t
1-

8
F

il
ed

0
5
/2

6
/2

3
P

ag
e

25
of

12
1

P
ag

el
D

#:
16

4

E
x
h
ib

it
A

-2
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,7
34

,4
81

)

D
ev

ic
e

S
u
m

m
ar

y

T
hi

s
re

po
rt

p
re

se
n
ts

a
P

ow
er

E
ss

en
ti

al
s

an
al

ys
is

of
th

e
M

PS
M

P
86

90
5

si
lic

on
(S

i)
-b

as
ed

po
w

er
m

an
ag

em
en

t
IC

(P
M

IC
).

T
he

M
P

86
90

5
is

a
m

on
ol

it
hi

c
ha

lf
-b

ri
dg

e
w

ith
bu

ilt
-i

n

in
te

rn
al

po
w

er
M

O
S

F
E

T
s

an
d

g
at

e
dr

iv
er

s
an

d
is

id
ea

lly
su

it
ed

fo
r

m
ul

ti
-p

ha
se

bu
ck

re
gu

la
to

rs
.

It
of

fe
rs

50
A

co
nt

in
uo

us
ou

tp
ut

cu
rr

en
t

ov
er

a
w

id
e

4.
5

V
to

16
V

op
er

at
in

g

in
pu

t
ra

ng
e

j2
].

T
he

M
P

86
90

5
co

m
pr

is
es

a
si

ng
le

di
e

w
ith

M
P9

50
2

di
e

m
ar

ki
ng

s,
w

hi
ch

ar
e

en
ca

p
su

la
te

d

in
a

23
-p

in
fl

ip
-c

hi
p

qu
ad

-f
la

t-
no

-l
ea

d
(F

C
-Q

F
N

)
p
ac

k
ag

e
w

ith
lik

el
y

co
pp

er
(C

u)
bu

m
pi

ng

di
re

ct
ly

to
th

e
le

ad
fr

am
e.

T
he

M
P

95
02

di
e

su
b
st

ra
te

is
—

15
5

jim
th

ic
k

in
cl

ud
in

g
th

e
up

pe
r

ep
it

ax
y

la
ye

r
an

d
u

se
s

B
ip

ol
ar

-C
M

O
S

-D
M

O
S

(B
C

D
)

te
ch

no
lo

gy
.

It
fe

at
u
re

s
a

si
ng

le
la

ye
r

of
po

ly
si

lic
on

in
th

e

an
al

yz
ed

re
gi

on
s,

th
re

e
al

um
in

um
(A

l)
m

et
al

la
ye

rs
,

tu
ng

st
en

(W
)

co
nt

ac
ts

an
d

vi
as

.
co

ba
lt

si
lic

id
e

(C
oS

i)
at

th
e

so
ur

ce
,

dr
ai

n,
an

d
po

ly
si

lic
on

co
nt

ac
t

re
gi

on
s.

T
he

pr
e-

m
et

al
di

el
ec

tr
ic

(P
M

D
)

u
se

s
si

lic
on

ox
id

e
(S

iO
)

la
ye

rs
,

w
hi

le
th

e
in

te
r-

m
et

al
di

el
ec

tr
ic

(I
M

D
)

la
ye

rs
u

se
s

ox
id

e
as

w
el

l
is

oi
at

io
n

st
ru

ct
ur

es
in

cl
ud

e
sh

al
lo

w
tr

en
ch

is
ol

at
io

n
(S

T
1)

in
th

e
lo

gi
c

re
gi

on

O
ne

gr
ou

p
of

hi
gh

si
de

M
O

S
F

E
T

(H
S

F
E

T
)

ar
ra

y
an

d
tw

o
gr

ou
ps

of
lo

w
si

de
M

O
S

F
E

T

(L
S

F
E

T
)

ar
ra

y
ar

e
us

ed
on

th
e

di
e.

T
he

st
ru

ct
ur

e
an

d
do

pa
nt

s
of

th
e

H
S

/L
S

FE
T

ar
ra

ys
ar

e

an
al

yz
ed

.
D

op
an

t
an

al
ys

is
in

th
e

H
SI

L
S

FE
T

ar
ra

y
re

gi
on

sh
ow

s
th

e
u
se

of
a

P
-t

yp
e

su
bs

tr
at

e,
an

N
-t

yp
e

bu
ri

ed
la

ye
r

(N
B

L
),

a
N

-d
ri

ft
/N

-w
el

l
la

ye
r

an
d

a
P-

w
el

l
la

ye
r.

•
T

he
st

ep
pe

d-
ga

te
-o

xi
de

(S
G

O
)

is
us

ed
in

th
e

L
D

M
O

S
de

vi
ce

s
on

th
is

di
e.

T
he

u
se

of
S

G
O

al
lo

w
s

a
re

du
ct

io
n

of
o
n
-r

es
is

ta
n
ce

(R
on

)
co

m
pa

re
d

w
ith

th
e

co
nv

en
ti

on
al

ST
I

L
D

M
O

S
[31

.
•

T
he

H
S

F
E

T
is

ar
ra

ng
ed

in
a

on
e-

di
m

en
si

on
al

(1
D

)
ar

ra
y

w
ith

a
-‘

4.
0

jim
dr

ai
n-

to
-d

ra
in

pi
tc

h

an
d

-‘
0.

66
pm

to
ta

l
po

ly
si

lic
on

g
at

e
le

ng
th

,
w

hi
le

th
e

L
SF

E
T

is
ar

ra
ng

ed
w

ith
—

3.
4

jim
dr

ai
n-

to
-d

ra
in

pi
tc

h
an

d
-‘

0.
60

pm
to

ta
l

po
ly

si
lic

on
g
at

e
le

ng
th

in
to

ta
l.

In
th

e
lo

gi
c

re
gi

on
,

th
e

m
in

im
um

ob
se

rv
ed

g
at

e
le

ng
th

is
0.

40
pm

on
a

0.
86

pm
co

nt
ac

te
d

g
at

e
pi

tc
h,

in
di

ca
ti

ng
th

e
us

e
of

lik
el

y
0.

18
jim

pr
oc

es
s

ge
ne

ra
ti

on
w

ith
re

la
xe

d
fe

at
ur

e

di
m

en
si

on
s.

5
p

,
o
iw

i
o

20
22

T
o

d
w

q
b

t
ec

.
A

l
A

w
e

M
P

86
90

5
R

ep
or

t
at

5.

M
an

u
fa

ct
u

re
r

M
on

ol
ith

ic
P

ow
er

S
y
st

em
s

P
ar

t
n

u
m

b
er

M
P

86
90

5

F
o

u
n

d
ry

U
nk

no
w

n

T
yp

e
PM

IC

D
at

e
co

d
e

H
39

(w
ee

k
39

of
20

17
)

P
ac

k
ag

e
ty

p
e

23
-p

in
F

C
-Q

F
N

M
P

S
H

39

P
ac

k
ag

e
m

ar
k

in
g

s
M

86
90

5
54

U
40

3

.
.

3
.9

7
m

m
c

3
.9

7
m

m
c

0
.8

8
m

m
P

ac
k
ag

e
d
im

en
si

o
n
s

(t
hi

ck
)

.
.

M
P

95
02

20
13

D
ie

m
ar

k
in

g
s

<
M

PS

D
ie

si
ze

(w
ho

le
di

e)
3.

38
m

m
x

3
.1

4
m

m
(1

0.
61

m
m

9

D
ie

si
ze

(e
d
g

e
se

al
)

3
.3

6
m

m
x

3.
12

m
m

(1
0.

48
m

m
9

M
in

im
um

m
ea

su
re

d
tr

an
si

st
o
r

g
at

e
le

n
g
th

/p
it

ch
0.

40
pm

IO
.8

6
pm

L
ik

el
y

0.
18

pm
pr

oc
es

s
P

ro
ce

ss
g

en
er

at
io

n
ge

ne
ra

ti
on

w
ith

re
la

xe
d

fe
at

ur
e

di
m

en
si

on
s

F
ea

tu
re

m
ea

su
re

d
to

d
et

er
m

in
e

C
on

ta
ct

ed
g

at
e

pi
tc

h,
u

se
of

C
oS

i

p
ro

ce
ss

g
en

er
at

io
n

co
nt

ac
ts

,
ST

I
is

ol
at

io
n

M
ax

im
um

v
o
lt

ag
e

[2
J

18
V

T
ec

h
n
sg

h
ts Pa

ge
2

Greenthread Ex. 2026, p. 164 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
Fi

Ie
d

05
/2

6/
23

P
ag

e
26

of
12

1
P

ag
el

D
#:

16
5

E
xh

ib
it

A
-2

to
G

re
en

th
re

ad
’s

C
om

pl
ai

nt
(U

.S
.

P
at

en
t

N
o.

10
,7

34
,4

81
)

M
P

95
02

D
ie

H
S

F
E

T
A

rr
ay

—
P

-
an

d
N

-T
yp

e
R

eg
io

n
s

•
SC

M
an

d
sM

lM
-C

an
al

ys
is

of
th

e
H

S
F

E
T

ar
ra

y
sh

ow
th

e
us

e
of

a
P

-t
yp

e
bo

dy
re

gi
on

.
N

-t
yp

e
dr

if
t

re
gi

on
,

an
d

a
hi

gh
er

-d
op

ed
N

-w
el

l
at

th
e

dr
ai

n
re

gi
on

.
-

T
he

P-
w

el
l

la
ye

r
st

ar
ts

—
2.

1
pm

fr
om

th
e

fr
on

t
su

rf
ac

e,
w

hi
le

th
e

N
B

L
m

ea
su

re
s

—
5.

3
pm

th
ic

k
an

d
re

ac
h
es

—
7.

4
pm

de
ep

.
•

N
B

L
se

em
s

to
ha

ve
tw

o
re

gi
on

s
of

hi
gh

er
-d

op
ed

lo
w

er
po

rt
io

n
an

d
lo

w
er

-d
op

ed
up

pe
r

po
rt

io
n

in
th

e
Si

bo
dy

.

T
.d

.I
n
g
ll

sd
C

Id
V

-
1O

.O
m

A
rr

ay
0
4
0
5
2
2
1
6
4
6
0

8
PR

O
D

U
C

T
FR

W
10

O
51

2p
4

0
0

9
7

3
e
g

H
S

F
E

T
A

rr
ay

—
SC

M
C

ro
ss

-S
ec

ti
o

n
A

-A

42
a

o
o

a
r.

a
a
,i

,,
k
.
J
n

M
P8

69
05

R
ep

or
t

at
42

.

T
ec

h
In

si
g
h
ts

p
d

y
S

— sG
O

— h
g

ta
y

d
o
p
o
d

N
4

p
c

b
ao

d
b

y
e

I
d
o
p
.

b
w

do
c,

ad
ra

nc
on

T
ac

h
I,

ra
h

ts
sM

IU
C

-
1O

.O
m

A
rr

.y
G

O
5

2
2

1
6

6
0

S
SM

JM
C

F
R

W
C
.

51
2p

4
0
0
9
7
3

p
n

g

H
S

F
E

T
A

rr
ay

-
sM

IM
-C

C
ro

ss
-S

ec
ti

o
n

A
-A

Pa
ge

3

Greenthread Ex. 2026, p. 165 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
F

il
ed

05
/2

6/
23

P
ag

e
27

of
12

1
P

ag
el

D
#:

16
6

E
x
h
ib

it
A

-2
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,7
34

,4
81

)

M
P

95
02

D
ie

L
S

F
E

T
A

rr
ay

—
P-

an
d

N
-T

yp
e

R
eg

io
n
s

•
SC

M
an

d
sM

IM
-C

an
al

ys
is

of
th

e
L

S
F

E
T

ar
ra

y
sh

ow
th

e
u
se

of
a

P
-t

yp
e

bo
dy

re
gi

on
,

sh
al

lo
w

er
N

-d
ri

ft
’N

-w
el

l
in

th
e

dr
ai

n
re

gi
on

,
an

d
N

B
L

is
ab

se
n
i

in
th

e

L
SF

E
T

ar
ra

y.

•
T

he
P-

w
el

l
is

—
2

1
pm

de
ep

,
th

e
P

-b
od

y
is

—
1.

3
pm

de
ep

,
w

hi
le

th
e

dr
ai

n
N

-d
ri

ft
JN

-w
el

l
is

—
0.

9
pm

de
ep

,
sh

al
lo

w
er

th
an

1.
2

pm
ob

se
rv

ed
in

th
e

H
S

F
E

T
ar

ra
y.

•
B

ot
h

H
S

F
E

T
an

d
L

SF
E

T
ar

ra
y

lik
el

y
sh

ar
e

th
e

P-
w

el
l

an
d

P
-b

od
y

m
as

ks
,

bu
t

us
e

di
ff

er
en

t
m

as
k

fo
r

dr
ai

n
dn

ft
re

gi
on

T
he

ef
fe

ct
iv

e
ch

an
ne

l
le

ng
th

de
fi

ne
d

by
do

pa
nt

bo
un

da
ry

is
es

ti
m

at
ed

to
be

—
0.

15
pm

in
th

e
L

SF
E

T
ar

ra
y.

M
P8

69
05

S
up

pl
em

en
ta

l
R

ep
or

t
at

2.

d
,p

a
n

i
co

nc
.4

,I
ra

tv
n

ew
o,

—
Q

a
n
i

fl
C

.f
lh

a
iI

O
fl

T
.d

5
fl

S
4

is
,M

1M
C

ID
O

un

L
S

F
E

T
A

rr
ay

—
sM

IM
-C

C
ro

ss
-S

ec
ti

o
n

A
-A

ec
h

in
si

gh
ts

q
..

d
.
y
S

C
fl

fl
-O

I
5
jm

$
0

•
O

S
u
m

T
O

ci
in

4g
tI

s’
dC

Id
V

r
o

c
t

.u
_
5
1
2
p
_
4
O

O
9
7
3
p
g

L
SF

E
T

A
rr

ay
—

SC
M

C
ro

ss
-S

ec
ti

o
n

A
-A

2
A

S
.
w

’
t

c
2

0
2

2
T

q
*
m

,g
h
n

M
,
,
,
t

Pa
ge

4

Greenthread Ex. 2026, p. 166 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

28
of

12
1

P
ag

el
D

#:
16

7
E

xh
ib

it
A

-2
to

G
re

en
th

re
ad

’s
C

om
pl

ai
nt

(U
.S

.
P

at
en

t
N

o.
10

,7
34

,4
81

)

S
ta

te
m

en
t

of
M

ea
su

re
m

en
t

U
nc

er
ta

in
ty

an
d

S
co

p
e

V
ar

ia
ti

on

S
ta

te
m

en
t

of
M

ea
su

re
m

en
t

U
nc

er
ta

in
ty

T
ec

ti
fn

si
gh

ts
ca

li
br

at
es

le
ng

th
m

ea
su

re
m

en
ts

on
its

sc
an

ni
ng

el
ec

tr
on

m
ic

ro
sc

op
e

(S
E

M
),

tra
ns

m
is

si
on

el
ec

tro
n

m
ic

ro
sc

op
e

(T
E

M
),

an
d

op
tic

al
m

ic
ro

sc
op

es
us

in
g

m
ea

su
re

m
en

t
st

an
da

rd
s

th
at

ar
e

tr
ac

ea
bl

e
to

th
e

In
te

rn
at

io
na

l
S

ys
te

m
of

U
ni

ts
(S

I)
.

O
ur

SE
M

/T
E

M
cr

os
s-

ca
li

br
at

io
n

st
an

da
rd

w
as

ca
li

br
at

ed
at

th
e

N
at

io
na

l
Ph

ys
ic

al
L

ab
or

at
or

y
(N

PL
)

in
th

e
U

K
(R

ep
or

t
R

ef
er

en
ce

L
R

03
04

1E
06

05
03

42
1S

E
M

41
19

0)
.

T
hi

s
st

an
da

rd
ha

s
a

14
6

±
2

nm
(±

1.
4%

)
pi

tc
h,

as
ce

rt
if

ie
d

by
th

e
N

PL
.

T
ec

hl
ns

ig
ht

s
ve

ri
fi

es
ev

er
y

si
x

m
on

th
s

th
at

its
SE

M
an

d
T

E
M

ar
e

ca
li

br
at

ed
to

w
ith

in
±

2%
of

th
is

st
an

da
rd

,
ov

er
th

e
fu

ll
m

ag
ni

fi
ca

tio
n

ra
ng

es
us

ed
.

T
ec

hl
ns

ig
ht

s’
op

tic
al

m
ic

ro
sc

op
es

ar
e

ca
li

br
at

ed
us

in
g

a
m

ic
ro

m
et

er
ca

li
br

at
ed

at
th

e
N

at
io

na
l

R
es

ea
rc

h
C

ou
nc

il
of

C
an

ad
a

(C
N

R
C

)
(R

ep
or

t
R

ef
er

en
ce

L
S-

20
05

-0
01

0)
.

T
hi

s
st

an
da

rd
h
as

an
ex

pa
nd

ed
un

ce
rt

ai
nt

y
of

0.
3

pm
(0

.3
%

)
fo

r
th

e
m

ic
ro

m
et

er
’s

10
0

pm
pi

tc
h

lin
es

.

R
an

do
m

m
ea

su
re

m
en

te
rr

or
s,

in
tr

od
uc

ed
du

ri
ng

m
ea

su
re

m
en

ts
of

fe
at

ur
es

on
th

e
ca

li
br

at
ed

im
ag

es
,

yi
el

d
an

ad
di

tio
na

l
ex

pa
nd

ed
un

ce
rt

ai
nt

y,
w

hi
ch

to
ge

th
er

w
ith

ca
lib

ra
tio

n
un

ce
rt

ai
nt

y,
is

ap
pr

ox
im

at
el

y
±

5%
or

be
tt

er
fo

r
fe

at
ur

es
la

rg
er

th
an

ab
ou

t
20

%
of

th
e

im
ag

e
w

id
th

.

T
ec

h
In

si
gh

ts
ca

m
er

a
sy

st
em

s,
us

ed
fo

r
pa

ck
ag

e
ph

ot
og

ra
ph

s
an

d
te

ar
do

w
n

ph
ot

og
ra

ph
s,

an
d

T
ec

hl
ns

ig
ht

s
X

-r
ay

in
st

ru
m

en
ts

ar
e

no
t

ca
li

br
at

ed
.

P
ac

ka
ge

di
m

en
si

on
s

ar
e

m
ea

su
re

d
ph

ys
ic

al
ly

w
ith

ca
lip

er
s.

T
he

m
at

en
al

s
an

al
ys

is
re

po
rt

ed
in

T
ec

hl
ns

ig
ht

s
re

po
rt

s
is

no
rm

al
ly

lim
ite

d
to

ap
pr

ox
im

at
e

el
em

en
ta

l
co

m
po

si
tio

n,
ra

th
er

th
an

st
or

ch
io

m
et

ry
.

Q
ua

nt
if

ic
at

io
n

of
en

er
gy

di
sp

er
si

ve
sp

ec
tr

os
co

py
(S

E
M

-E
D

S
an

d
T

E
M

-E
D

S)
an

d
T

E
M

-b
as

ed
el

ec
tr

on
en

er
gy

lo
ss

sp
ec

tr
os

co
py

(T
E

M
-E

E
L

S)
m

at
er

ia
ls

an
al

ys
is

us
ua

lly
no

t
pr

ov
id

ed
,

un
le

ss
ot

he
rw

is
e

st
at

ed
.

T
ec

hl
ns

ig
ht

s
w

ill
ty

pi
ca

lly
ab

br
ev

ia
te

th
e

m
at

ec
ia

l
co

m
po

si
tio

n,
us

in
g

on
ly

th
e

el
em

en
ta

l
sy

m
bo

ls
(r

at
he

r
th

an
fu

ll
ch

em
ic

al
fo

rm
ul

a)
in

ap
pr

ox
im

at
e

or
de

r
of

th
e

pe
ak

he
ig

ht
s

in
th

e
sp

ec
tr

a,
bu

tt
hi

s
do

es
si

gn
if

y
th

e
re

la
tiv

e
co

nc
en

tr
at

io
n.

S
ec

on
da

ry
io

n
m

as
s

sp
ec

tr
om

et
ry

(S
IM

S)
da

ta
m

ay
be

ca
li

br
at

ed
fo

r
ce

rt
ai

n
do

pa
nt

el
em

en
ts

,
pr

ov
id

ed
su

it
ab

le
st

an
da

rd
s

w
er

e
av

ai
la

bl
e

S
pr

ea
di

ng
re

si
st

an
ce

pr
of

ili
ng

(S
R

P
)

da
ta

is
ty

pi
ca

lly
ca

li
br

at
ed

.
S

ca
nn

in
g

m
ic

ro
w

av
e

im
pe

da
nc

e
m

ic
ro

sc
op

y
(s

M
lM

-C
)

pr
ov

id
es

sp
at

ia
l

in
fo

rm
at

io
n

on
th

e
do

pa
nt

ty
pe

;
ho

w
ev

er
,

it
is

no
t

qu
an

tit
at

iv
e.

T
he

ac
cu

ra
cy

of
ot

he
r

m
et

ho
ds

is
av

ai
la

bl
e

on
re

qu
es

t.

S
ta

te
m

en
t o

f
S

co
pe

V
ar

ia
tio

n

D
ue

to
th

e
na

tu
re

of
re

ve
rs

e
en

gi
ne

er
in

g
an

d
th

e
di

ve
na

ty
of

an
al

yz
ed

de
vi

ce
s,

th
er

e
is

a
po

ss
ib

ili
ty

of
co

nt
en

tv
an

at
io

n
in

T
ec

hl
ns

ig
ht

s
te

ch
ni

ca
l

re
po

rt
s.

T
ec

h
h

3
20

22
I
n

A
n S

I

M
P

86
90

5
S

up
pl

em
en

ta
l

R
ep

or
t

at
3.

IC
la

im
1,

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
in

cl
ud

e/
co

m
pr

is
e

a
se

m
ic

on
du

ct
or

de
vi

ce
co

m
pr

is
in

g
a

su
bs

tr
at

e
o

f
a

fi
rs

t
do

pi
ng

ty
pe

at
a

fi
rs

t
d

o
p

in
g

le
v

el
h

a
v

in
g

fi
rs

t
an

d
E

le
m

en
t

II
a

se
co

nd
su

rf
ac

es
.

Fo
r

ex
am

pl
e,

an
al

ys
is

o
f

an
ex

em
pl

ar
y

M
PS

A
cc

us
ed

P
ro

du
ct

(t
he

M
PS

86
90

5
di

sc
us

se
d

ab
ov

e)
re

ve
al

s
th

e
pr

es
en

ce
of

su
ch

a
su

bs
tr

at
e.

su
b
st

ra
te

o
f

a
-

.
.

.
.

.
-

fi
rs

t
do

m
a

t’
e

Fo
r

ex
am

pl
e,

th
e

M
PS

86
90

5
di

sc
us

se
d

ab
ov

e
fo

r
C

la
im

I,
P

re
am

bl
e,

w
as

im
ag

ed
us

in
g

sc
an

ni
ng

el
ec

tr
on

m
ic

ro
sc

op
y

(S
E

M
)

sc
an

ni
ng

ca
pa

ci
ta

nc
e/

m
ic

ro
w

av
e

P
,J

P
im

pe
da

nc
e

m
ic

ro
sc

op
y

(S
C

M
/S

M
IM

)
an

al
ys

is
.

at
a

fi
rs

t
do

pi
ng

le
ve

l
ha

vi
ng

fi
rs

t
an

d
se

co
n

d
su

rf
ac

es
;

P
ag

e
5

Greenthread Ex. 2026, p. 167 of 260 
MPS v. Greenthread 

IPR2024-00550



ö,
pa

nt
n
n
tr

e
i,

o
n

ew
e,

co
n
,,
ir

ai
io

n

C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
P

il
ed

05
/2

6/
23

P
ag

e
29

of
12

1
P

ag
el

D
#:

16
8

E
xh

ib
it

A
-2

to
G

re
en

th
re

ad
’s

C
o

m
p

la
in

t
(U

.S
.

P
at

en
t

N
o.

10
,7

34
,4

81
)

M
P

95
02

D
ie

L
S

F
E

T
A

rr
ay

—
P-

an
d

N
-T

yp
e

R
eg

io
n
s

•
SC

M
an

d
sM

IM
-C

an
al

y
si

s
of

th
e

L
SF

E
T

ar
ra

y
sh

ow
th

e
us

e
of

a
P

-t
yp

e
bo

dy
re

gi
on

,
sh

al
lo

w
er

N
-d

ri
ft

iN
-w

el
l

in
th

e
dr

ai
n

re
gi

on
,

an
d

N
B

L
is

ab
se

n
t

in
th

e

L
SF

E
T

ar
ra

y.

•
T

he
P-

w
el

l
is

-2
1

pm
de

ep
,

th
e

P
-b

od
y

is
—

1.
3

pm
de

ep
,

w
hi

le
th

e
dr

ai
n

N
-d

ri
ft

iN
-w

eI
l

is
—

0.
9

tim
de

ep
,

sh
al

lo
w

er
th

an
1.

2
pm

ob
se

rv
ed

in
th

e
H

S
F

E
T

ar
ra

y.

•
B

ot
h

H
S

F
E

T
an

d
L

SF
E

T
ar

ra
y

lik
el

y
sh

ar
e

th
e

P-
w

el
l

an
d

P
-b

od
y

m
as

ks
,

bu
t

us
e

di
ff

er
en

t
m

as
k

fo
r

dr
ai

n
dn

ft
re

gi
on

.

•
T

he
ef

fe
ct

iv
e

ch
an

ne
l

le
ng

th
de

fi
ne

d
by

d
o
p
an

t
b
o
u
n
d
ar

y
is

es
ti

m
at

ed
to

be
—

01
5

pm
in

th
e

L
SF

E
T

ar
ra

y.

—

0

T
c
0
in

s
e
h
I

dC
Jd

V
P

,o
d
C

1
10

.0
1W

,,

A
’
.
.
’
.
.
’
i
P

i
L

.
.

‘-
i.

.O
O

u
5

l2
p

4
O

O
9

7
3

p
n

g

L
S

F
E

T
A

rr
ay

—
SC

M
C

ro
ss

-S
ec

ti
o

n
A

-A

2
a
’
e
u

c
T

.
.
C

d
.
t

,,
c

f
l
,,

,n

M
P8

69
05

S
up

pl
em

en
ta

l
R

ep
or

t
at

2.

T
ec

h
T

h
d
,i

n
sg

h
is

’
M

iM
C

10
0p

m

L
S

F
E

T
A

rr
ay

—
sM

IM
-C

C
ro

ss
-S

ec
ti

o
n

A
-A

re
ch

ns
ig

ht
s

Pa
ge

6

Greenthread Ex. 2026, p. 168 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

30
of

12
1

P
ag

el
D

#:
16

9
E

xh
ib

it
A

-2
to

G
re

en
th

re
ad

’s
C

om
pl

ai
nt

(U
.S

.
P

at
en

t
N

o.
10

,7
34

,4
81

)

W
ha

t
is

a
p-

ty
pe

S
em

ic
o
n
d
u

ct
o

r?

A
p-

ty
pe

se
m

ic
on

du
ct

or
is

an
in

tri
ns

ic
se

m
ic

on
du

ct
or

do
pe

d
wi

th
bo

ro
n

(B
)o

ri
nd

iu
m

(In
).

Si
lic

on
of

G
ro

up
IV

ha
s

fo
ur

va
le

nc
e

el
ec

tro
ns

an
d

bo
ro

n
of

G
ro

up

Ill
ha

s
th

re
e

va
le

nc
e

el
ec

tr
on

s.
If

a
sm

al
l

am
ou

nt
of

bo
ro

n
is

do
pe

d
to

a
si

ng
le

cr
ys

ta
l

of
si

lic
on

,
va

le
nc

e
el

ec
tr

on
s

w
ill

be
in

su
ff

ic
ie

nt
at

on
e

po
si

tio
n

to
bo

nd

si
lic

on
an

d
bo

ro
n,

re
su

lt
in

g
in

ho
le

s*
th

at
la

ck
el

ec
tr

on
s.

W
he

n
a

vo
lt

ag
e

is
ap

pl
ie

d
in

th
is

st
at

e,
th

e
ne

ig
hb

or
in

g
el

ec
tr

on
s

m
ov

e
to

th
e

ho
le

,
so

th
at

th
e

pl
ac

e

w
he

re
an

el
ec

tr
on

is
pr

es
en

t
be

co
m

es
a

ne
w

ho
le

,
an

d
th

e
ho

le
s

ap
pe

ar
to

m
ov

e
to

th
e

el
ec

tr
od

e
in

se
qu

en
ce

.

Si
lic

on
(S

i):
,

Fo
ur

va
le

nc
e

Si
-o

A
dd

in
gb

or
on

to
el

ec
tr

on
s

pu
re

si
lic

on
cr

ys
ta

l
6

re
su

lt
si

nl
ac

ko
fa

n
el

ec
tr

on
.A

nd
it

0
be

co
m

es
a

ho
le

.

Th
is

ho
le

is
th

e
ca

rr
ie

r
of

a
p-

ty
pe

se
m

ic
on

du
ct

or
.

Se
e

ht
tp

s:
//

to
sh

ib
a.

se
m

ic
on

-s
to

ra
e.

co
m

/u
s/

se
m

ic
on

du
ct

or
/k

no
w

le
dg

e/
e-

Ie
ar

ni
ng

/d
is

cr
et

e/
ch

ap
I/

ch
ap

I-
4.

ht
m

l#
:-

:t
ex

tA
%

20
p°

/o
2D

tv
pe

%
20

se
rn

ic
on

du
ct

or
%

20
is

.I
ll

%
20

ha
s%

20
th

re
e%

20
va

le
nc

e%
20

el
ec

tr
on

s.

IC
la

im
1,

E
le

m
en

t
21

a
fi

rs
t

ac
tiv

e
re

gi
on

di
sp

os
ed

ad
ja

ce
nt

th
e

fi
rs

t
su

rf
ac

e
o
f

th
e

su
bs

tr
at

e
w

ith
a

se
co

nd
do

pi
ng

ty
pe

op
po

si
te

in
co

nd
uc

ti
vi

ty
to

th
e

fi
rs

t
do

pi
ng

ty
pe

an
d

w
it

hi
n

w
hi

ch
tr

an
si

st
or

s
ca

n
be

fo
rm

ed
;

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s,
an

d
pr

od
uc

ts
in

co
rp

or
at

in
g

th
em

,
in

cl
ud

e/
co

m
pr

is
e

a
se

m
ic

on
du

ct
or

de
vi

ce
co

m
pr

is
in

g
a

fi
rs

t
ac

ti
ve

re
gi

on
di

sp
os

ed
ad

ja
ce

nt
th

e
fi

rs
t

su
rf

ac
e

o
f

th
e

su
bs

tr
at

e
w

it
h

a
se

co
nd

do
pi

ng
ty

pe
op

po
si

te
in

co
nd

uc
ti

vi
ty

to
th

e
fi

rs
t

do
pi

ng
ty

pe
an

d
w

it
hi

n
w

hi
ch

tr
an

si
st

or
s

ca
n

be
fo

rm
ed

.
Fo

r
ex

am
pl

e,
as

sh
ow

n
in

im
ag

er
y

fr
om

th
e

T
ec

h
In

si
gh

ts
R

ep
or

t,
th

e
ex

em
pl

ar
y

M
PS

86
90

5
sc

an
ni

ng
ca

pa
ci

ta
nc

e/
m

ic
ro

w
av

e
im

pe
da

nc
e

m
ic

ro
sc

op
y

(S
C

M
/S

M
IM

)
an

al
ys

is
in

cl
ud

es
a

fi
rs

t
ac

ti
ve

re
gi

on
di

sp
os

ed
ad

ja
ce

nt
th

e
fi

rs
t

su
rf

ac
e

of
th

e
su

bs
tr

at
e.

Se
e

be
lo

w
sh

ow
in

g
“H

S
F

E
T

A
rr

ay
,”

an
d

to
w

ar
d

th
e

to
p

th
e

so
ur

ce
(“

S
”)

,
ga

te
(“

g”
)

an
d

dr
ai

n
(“

dr
ai

n”
)

w
he

re
th

e
tr

an
si

st
or

s
ar

e,
un

de
rn

ea
th

ea
ch

of
th

e
an

no
ta

ti
on

s
ar

e
ac

ti
ve

re
gi

on
s.

Se
e

a/
so

be
lo

w
sh

ow
in

g
“L

S
F

E
T

A
rr

ay
.”

B
or

on
(8

):
0

T
hr

ee
va

le
nc

e
o

el
ec

tr
on

s

0

)
0

0
f

c
D

W
0

0
C

0
0

0
0

0
0

)
0

0
C c

0
0

0
0

\0
0

)
0

D
j
I

0
0

C H
ol

e

Pa
ge

7

Greenthread Ex. 2026, p. 169 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
F

il
ed

05
/2

6/
23

P
ag

e
31

of
12

1
P

ag
el

D
#:

17
0

E
x
h
ib

it
A

-2
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,7
34

,4
81

)

M
P

95
02

D
ie

L
S

F
E

T
A

rr
ay

—
P-

an
d

N
-T

yp
e

R
eg

io
n
s

•
SC

M
an

d
sM

lM
-C

an
al

ys
is

of
th

e
L

SF
E

T
ar

ra
y

sh
ow

th
e

u
se

of
a

P
-t

yp
e

bo
dy

re
gi

on
,

sh
al

lo
w

er
N

-d
ri

ft
JN

-w
el

l
in

th
e

dr
ai

n
re

gi
on

.
an

d
N

B
L

is
ab

se
n
t

in
th

e
L

SF
E

T
ar

ra
y.

•
T

he
P-

w
el

l
is

—
2.1

jim
de

ep
,

th
e

P
-b

od
y

is
—

1.
3

jim
de

ep
,

w
hi

le
th

e
dr

ai
n

N
-d

ri
ft

/N
-w

el
l

is
—

0.
9

jim
de

ep
,

sh
al

lo
w

er
th

an
1.

2
jim

ob
se

rv
ed

in
th

e
1-

IS
FE

T
ar

ra
y.

B
ot

h
H

S
F

E
T

an
d

L
S

F
E

T
ar

ra
y

lik
el

y
sh

ar
e

th
e

P-
w

el
l

an
d

P
-b

od
y

m
as

ks
,

bu
t

us
e

di
ff

er
en

t
m

as
k

fo
r

dr
ai

n
dr

if
t

re
gi

on
.

•
T

he
ef

fe
ct

iv
e

ch
an

ne
l

le
ng

th
de

fi
ne

d
by

do
pa

nt
bo

un
da

ry
is

es
ti

m
at

ed
to

be
—

0.
15

jim
in

th
e

L
SF

E
T

ar
ra

y.

M
P8

69
05

S
up

pl
em

en
ta

l
R

ep
or

t
at

2.

T
sd

,i
n

g
it

s’
d

C
Jd

V
P

m
d
c
t

IO
Q

im
’

lO
S

1
4
O

O
9
7
3
g

L
S

F
E

T
A

rr
ay

—
SC

M
C

ro
ss

-S
ec

ti
o

n
A

-A

2
C

rZ
D

b
.c

A
l
y

t

T
o

,i
n

sl
h

IS
SM

IM
C

10
O

i

S
”
M

C
O

U
•
j

L
S

F
E

T
A

rr
ay

—
sM

IM
C

C
ro

ss
S

ec
ti

o
n

A
A

Te
ch

Pa
ge

8

Greenthread Ex. 2026, p. 170 of 260 
MPS v. Greenthread 

IPR2024-00550



IC
la

im
1,

E
le

m
en

t 3
a

se
co

nd
ac

ti
ve

re
gi

on
se

pa
ra

te
fr

om
th

e
fi

rs
t

ac
ti

ve
re

gi
on

di
sp

os
ed

ad
ja

ce
nt

to
th

e
fi

rs
t

ac
ti

ve
re

gi
on

C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

32
of

12
1

P
ag

el
D

#:
17

1
E

x
h
ib

it
A

-2
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,7
34

,4
81

)

M
P

95
02

D
ie

H
S

F
E

T
A

rr
ay

—
P

-
an

d
N

-T
yp

e
R

eg
io

n
s

•
S

C
M

an
d

sM
IM

-C
an

al
y
si

s
of

th
e

H
S

F
E

T
ar

ra
y

sh
o
w

th
e

u
se

of
a

P
-t

yp
e

bo
dy

re
gi

on
,

N
-t

yp
e

dr
if

t
re

gi
on

,
an

d
a

h
ig

h
er

-d
o

p
ed

N
-w

el
l

at
th

e
dr

ai
n

re
gi

on
.

-
T

h
e

P
-w

el
l

la
y
er

st
ar

ts
—

2.
1

pm
fr

om
th

e
fr

on
t

su
rf

ac
e,

w
hi

le
th

e
N

B
L

m
ea

su
re

s
—

5.
3

pm
th

ic
k

an
d

re
ac

h
es

—
7.

4
pm

d
ee

p
.

•
N

B
L

se
em

s
to

h
av

e
tw

o
re

g
io

n
s

of
h
ig

h
er

-d
o
p
ed

lo
w

er
po

rt
io

n
an

d
lo

w
er

-d
o
p
ed

u
p
p
er

po
rt

io
n

in
th

e
Si

bo
dy

.

N
-t

yp
e
b
e
d

a
y
e

I

A
’

sc
o

—
—

.
w

p
,,,

,,,
—

hQ
hI

y
d

o
p

ed

N
4 lo
ch

T
sd

ln
ig

h
ts

d
c
Id

V
1O

,O
um

A
rr

ay
0

4
0

5
2

2
1

6
4

&
9

P
R

O
D

U
C

T
F

R
W

10
0

51
2p

4
0

0
9

7
3

p
rg

H
S

F
E

T
A

rr
ay

—
SC

M
C

ro
ss

-S
ec

ti
o

n
A

-A

4
2

U
U

e
0

2
0

2
2

ko
.

U
,
,

r
e
e
d

M
P

86
90

5
R

ep
or

t
at

42
.

I

N
gh

O
r

I

b
w

w
d
o
p
U

t
c
o
n
c
o
n
a

-
-

-
T

e
c
N

n
h
t

u
,u

c
10

0p
m

-
-

-

A
rr

ay
0

4
0

5
2

2
1

6
4

6
0

8
S

M
M

C
FR

W
1O

.O
u

51
2p

40
09

73
.p

ng

H
S

F
E

T
A

rr
ay

-
sM

IM
-C

C
ro

ss
-S

ec
ti

o
n

A
-A

T
ec

h
In

si
g
h
ts

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
in

cl
ud

e
a

se
m

ic
on

du
ct

or
de

vi
ce

co
m

pr
is

in
g

a
se

co
nd

ac
ti

ve
re

gi
on

se
pa

ra
te

fr
om

th
e

fi
rs

t
ac

ti
ve

re
gi

on
di

sp
os

ed
ad

ja
ce

nt
to

th
e

fi
rs

t
ac

ti
ve

re
gi

on
an

d
w

it
hi

n
w

hi
ch

tr
an

si
st

or
s

ca
n

be
fo

rm
ed

.
Fo

r
ex

am
pl

e,
th

e
H

S
F

E
T

an
d

L
S

F
E

T
ar

ra
ys

sh
ow

n
in

th
e

im
ag

es
re

pr
od

uc
ed

at
C

la
im

I.
E

le
m

en
t

2
sh

ow
s

m
ul

ti
pl

e
tr

an
si

st
or

s
w

ith
ac

ti
ve

re
gi

on
s.

Pa
ge

9

Greenthread Ex. 2026, p. 171 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
F

il
ed

0
5
/2

6
/2

3
P

ag
e

33
of

12
1

P
ag

el
D

#:
17

2

E
x
h
ib

it
A

-2
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,7
34

,4
81

)

an
d

w
it

hi
n

w
hi

ch
tr

an
si

st
or

s
ca

n
be

fo
rm

ed
;

.

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
in

cl
ud

e
a

se
m

ic
on

du
ct

or
de

vi
ce

co
m

pr
is

in
g

tr
an

si
st

or
s

fo
rm

ed
in

at
le

as
t

on
e

of
th

e
fi

rs
t

ac
ti

ve
re

gi
on

or
se

co
nd

ac
ti

ve
re

gi
on

.
I

ai
m

Se
e

ab
ov

e
at

P
re

am
bl

e,
E

le
m

en
ts

2-
3

(d
is

cu
ss

in
g

th
e

H
S

F
E

T
A

N
D

L
S

F
E

T
ar

ra
ys

).
E

le
m

en
t
I

tr
an

si
st

or
s

fo
rm

ed
in

at
le

as
t

on
e

of
th

e
fi

rs
t

ac
ti

ve
re

gi
on

O
r

se
co

nd
ac

ti
ve

re
gi

on
;

IC
la

im
1,

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

ab
ov

e
at

E
le

m
en

t
I.

Fo
r

ex
am

pl
e,

th
is

is
sh

ow
n

by
th

e
sc

an
ni

ng
ca

pa
ci

ta
nc

e/
m

ic
ro

w
av

e
im

pe
da

nc
e

E
le

m
en

t
51

at
m

ic
ro

sc
op

y
(S

C
M

/s
M

IM
)

an
al

ys
is

.
S

C
M

/s
M

IM
el

ec
tr

ic
al

ly
ch

ar
ac

te
ri

ze
s

th
e

te
st

ed
de

vi
ce

an
d

ge
ne

ra
te

s
m

ap
s,

w
hi

ch
pr

ov
id

e
gr

ap
hi

ca
l

re
pr

es
en

ta
ti

on
o

f

le
as

t
a

po
rt

io
n

of
th

e
do

pa
nt

ty
pe

s
an

d
co

nc
en

tr
at

io
ns

by
m

ea
su

ri
ng

ca
rr

ie
r

m
ov

em
en

t
as

th
ey

ar
e

at
tr

ac
te

d
to

or
re

pu
ls

ed
by

th
e

pr
ob

e.
T

he
S

C
M

/S
M

IM
m

ap
s

ta
ke

n
fr

om

at
le

as
t

on
e

of
th

e
M

PS
A

cc
us

ed
P

ro
du

ct
s

sh
ow

n
he

re
in

de
m

on
st

ra
te

di
ff

er
en

ce
s

in
ca

rr
ie

r
co

nc
en

tr
at

io
n

as
a

fu
nc

ti
on

of
de

pt
h,

w
hi

ch
ge

ne
ra

te
el

ec
tr

ic
fi

el
ds

w
ith

in
th

e

fi
rs

t
an

d
se

co
nd

ac
cu

se
d

pr
od

uc
ts

.
T

he
co

nt
ra

st
in

th
e

SM
IM

im
ag

e
is

pr
op

or
ti

on
al

to
th

e
ca

pa
ci

ta
nc

e
of

th
e

sa
m

pl
e

un
de

r
in

sp
ec

ti
on

,
so

th
at

br
ig

ht
er

gr
ee

n
co

rr
es

po
nd

s
to

ac
ti

ve
re

gi
on

s
hi

gh
er

do
pa

nt
co

nc
en

tr
at

io
n,

an
d

da
rk

er
gr

ee
n/

bl
ac

k
co

rr
es

po
nd

s
to

lo
w

er
do

pa
nt

co
nc

en
tr

at
io

n.
L

ik
ew

is
e,

th
e

SC
M

im
ag

es
ab

ov
e

sh
ow

do
pi

ng

ha
vi

ng
at

le
as

t
co

nc
en

tr
at

io
n

an
d

do
pi

ng
ty

pe
as

in
di

ca
te

d
in

th
e

le
ge

nd
s

to
th

e
ri

gh
t.

Z
oo

m
in

g
in

on
th

e
sM

IM
-C

im
ag

e
ta

ke
n

fr
om

pa
ge

43
of

th
e

T
ec

h
In

si
gh

ts
re

po
rt

on
e

gr
ad

ed
cl

ea
rl

y
sh

ow
s

ve
rt

ic
al

do
pa

nt
gr

ad
in

g
in

th
e

ac
ti

ve
re

gi
on

s
su

ro
un

di
ng

th
e

so
ur

ce
,

ga
te

,
an

d
dr

ai
n.

T
he

im
ag

e
o

f
th

e
L

S
F

E
T

ar
ra

y
(r

ep
ro

du
ce

d
be

lo
w

)
al

so

do
pa

nt
sh

ow
s

gr
ad

in
g

ne
ar

th
e

so
ur

ce
an

d
dr

ai
n

an
d

in
w

el
ls

.

co
nc

en
tr

at
io

n
to

ai
d

ca
rr

ie
r

m
ov

em
en

t
fr

om
th

e
fi

rs
t

su
rf

ac
e

to
th

e
se

co
nd

su
rf

ac
e

o
f

th
e

su
bs

tr
at

e:
an

d

I’
ag

c
10

Greenthread Ex. 2026, p. 172 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

34
of

12
1

P
ag

el
D

#:
17

3
E

x
h
ib

it
A

-2
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,7
34

,4
81

)

_
_

_
_

_
_

M
P

95
02

D
ie

L
S

F
E

T
A

rr
ay

—
P-

an
d

N
-T

yp
e

R
eg

io
n
s

SC
M

an
d

sM
IM

-C
an

al
ys

is
of

th
e

L
SF

E
T

ar
ra

y
sh

ow
th

e
us

e
of

a
P

-t
yp

e
bo

dy
re

gi
on

,
sh

al
lo

w
er

N
-d

nW
N

-w
el

I
in

th
e

dr
ai

n
re

gi
on

,
an

d
N

B
L

is
ab

se
nt

in
th

e
L

SF
E

T
ar

ra
y.

-
T

he
P-

w
el

l
is

-2
1

pm
de

ep
,

th
e

P
-b

od
y

is
—

1.
3

pm
de

ep
,

w
hi

le
th

e
dr

ai
n

N
-d

ri
ft

/N
-w

el
l

is
—

0.
9

pm
de

ep
,

sh
al

lo
w

er
th

an
1.

2
pm

ob
se

rv
ed

in
th

e
H

SF
E

T
ar

ra
y.

•
B

ot
h

H
SF

E
T

an
d

L
SF

E
T

ar
ra

y
lik

el
y

sh
ar

e
th

e
P-

w
el

l
an

d
P

-b
od

y
m

as
ks

,
bu

t
us

e
di

ff
er

en
t

m
as

k
fo

r
dr

ai
n

dn
ft

re
gi

on
.

T
he

ef
fe

ct
iv

e
ch

an
ne

l
le

ng
th

de
fi

ne
d

by
do

pa
nt

bo
un

da
ry

is
es

ti
m

at
ed

to
be

—
0.

15
pm

in
th

e
L

SF
E

T
ar

ra
y.

I
co

nc
en

?m
ho

n

-
‘

T
ec

h
T

ed
a,

g
fl

ls
’

,M
IM

C
1G

.O
in

A
rr

2
O

4
[
,2

2
S

M
M

C
’
i/

,,
—

.
,
-

4
O

O
9

7
3

L
SF

E
T

A
rr

ay
—

sM
IM

-C
C

ro
ss

-S
ec

ti
o

n
A

.A
T

ec
h

In
sI

gh
ts

p
a
n

’
f
l
1
b
h
O

f
l

-
‘

r
e

T
i
n
W

dC
Jd

V
p

o
a
,c

t
1O

.O
n

A
a
y

_
2

_
O

4
C

6
2

2
5

5
3
Q

P
D

D
U

’i
F

R
’O

3
2
p

4
C

9
1
3

pn
g

L
SF

E
T

A
rr

ay
—

SC
M

C
ro

ss
.S

ec
ti

o
n

A
-A

2
o

n
t

M
P8

69
05

Su
pp

le
m

en
ta

l
R

ep
or

t
at

2.

Pa
ge

II

Greenthread Ex. 2026, p. 173 of 260 
MPS v. Greenthread 

IPR2024-00550



41:

C
0
C,

C

LO6

•C ‘

LLE
C

4-,

C ?
0
C
L- a

D

o

C

z
Ri
L0
0
0

C-)

r’J

0
U)

C-)

ci

cli

Greenthread Ex. 2026, p. 174 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

H
Ie

d
05

/2
6/

23
P

ag
e

36
of

12
1

P
ag

el
D

#:
17

5
E

xh
ib

it
A

-2
to

G
re

en
th

re
ad

’s
C

om
pl

ai
nt

(U
.S

.
P

at
en

t
N

o.
10

,7
34

,4
81

)

•
!
‘

.
r
)

I
R

dy
pe

d
o
p
n
g

un
do

pe
d/

hi
gh

ly
d
o
p
ed

N
-t

yp
e

do
pr

nq

T
ec

h
.

T
ec

h
ln

sh
ts

dC
/d

V
P

ro
du

ct
lO

O
pm

A
rr

ay
_
2
jM

0
6
2
2

1
55

35
2

P
R

Q
D

U
C

T
_
F

R
W

_
1
0
0
u
_
5
1
2
p
4
0
0
9
7
3
p

fl
g

L
S

F
E

T
A

rr
ay

—
SC

M
C

ro
ss

-S
ec

ti
o
n

A
-A

M
P8

69
05

R
ep

or
t

at
43

.

Pa
ge

13

Greenthread Ex. 2026, p. 175 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
F

il
ed

0
5
/2

6
/2

3
P

ag
e

37
of

12
1

P
ag

el
D

#:
17

6

E
x
h
ib

it
A

-2
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,7
34

,4
81

)

A
dd

it
io

na
ll

y,
M

PS
’

an
nu

al
re

po
rt

st
at

es
th

at
it

se
ek

s
pa

te
nt

pr
ot

ec
ti

on
ba

se
d

on
its

pr
od

uc
t

de
si

gn
s

de
si

gn
s:

“I
n

ge
ne

ra
l,

w
e

ha
ve

el
ec

te
d

to
pu

rs
ue

pa
te

nt

pr
ot

ec
ti

on
fo

r
as

pe
ct

s
of

ou
r

ci
rc

ui
t

an
d

de
vi

ce
de

si
gn

s
th

at
w

e
be

li
ev

e
ar

e
pa

te
nt

ab
le

.”
Se

e
M

PS
“2

02
1

A
N

N
U

A
L

R
E

P
O

R
T

O
N

FO
R

M
I0

-K
”

at
4.

T
he

re
fo

re
,

th
e

pu
rp

or
te

d
in

ve
nt

io
ns

de
sc

ri
be

d
in

M
P

S
’s

pa
te

nt
s

ar
e

an
in

di
ca

ti
on

of
ho

w
its

pr
od

uc
ts

op
er

at
e.

T
he

de
sc

ri
pt

io
ns

of
M

PS
’s

pu
rp

or
te

d
in

ve
nt

io
ns

in
its

pa
te

nt
ap

pl
ic

at
io

ns
co

nf
ir

m
th

at
its

pr
od

uc
ts

m
ee

t
th

is
li

m
it

at
io

n.
Fo

r
ex

am
pl

e,
Fi

gu
re

5
of

M
PS

U
.S

.
Pa

te
nt

N
o.

8,
70

4.
29

2
(b

el
ow

)
cl

ea
rl

y
sh

ow
s

th
e

us
e

o
f

gr
ad

ed
do

pa
nt

s
in

ac
ti

ve
an

d
w

el
l

re
gi

on
s

fo
r

th
e

pu
rp

os
es

of
cr

ea
ti

ng
el

ec
tr

ic
fi

el
ds

to
ai

d
ca

rr
ie

r
m

ov
em

en
t.

T
he

pa
te

nt
re

ci
te

s
th

at
“T

he
da

sh
ed

lin
e

in
F

IG
.5

sh
ow

s
a

un
if

or
m

el
ec

tr
ic

fi
el

d
di

st
ri

bu
ti

on
as

so
ci

at
ed

w
ith

an
ex

am
pl

e
dr

if
t

re
gi

on
do

pi
ng

pr
of

il
e.

”

E
le

ct
ri

c
F

ie
ld

F
IG

.
5

D
ep

th

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
in

cl
ud

e
a

se
m

ic
on

du
ct

or
de

vi
ce

co
m

pr
is

in
g

at
le

as
t

on
e

w
el

l
re

gi
on

ad
ja

ce
nt

to
th

e
fi

rs
t

or
se

co
nd

ac
ti

ve
re

gi
on

co
nt

ai
ni

ng
at

IC
la

im
1,

le
as

t
on

e
gr

ad
ed

do
pa

nt
re

gi
on

,
th

e
gr

ad
ed

do
pa

nt
re

gi
on

to
ai

d
ca

rr
ie

r
m

ov
em

en
t

fr
om

th
e

fi
rs

t
su

rf
ac

e
to

th
e

se
co

nd
su

rf
ac

e
of

th
e

su
bs

tr
at

e.
T

he
im

ag
es

of
E

le
m

en
t

6J
at

th
e

H
S

F
E

T
an

d
L

E
S

F
E

T
ar

ra
ys

re
pr

od
uc

ed
be

lo
w

(a
nd

ab
ov

e)
cl

ea
rl

y
sh

ow
do

pa
nt

gr
ad

in
g

in
th

e
w

el
l

re
gi

on
s.

L
ik

ew
is

e.
Fi

gu
re

5
fr

om
M

PS
’s

‘2
92

pa
te

nt

L
ow

er
D

op
in

g
N

ea
r

S
o

u
rc

e
P

ro
v

id
es

L
ow

er
E

le
ct

ri
c

F
ie

ld
w

ith
un

if
or

m
do

pi
ng

X
0

X
l

X
2

Pa
ge

4

Greenthread Ex. 2026, p. 176 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

38
of

12
1

P
ag

el
D

#:
17

7

le
as

t
on

e
w

el
l

re
gi

on
ad

ja
ce

nt
to

th
e

fi
rs

t
or

se
co

nd
ac

tiv
e

re
gi

on
co

nt
ai

ni
ng

at
le

as
t

on
e

gr
ad

ed
do

pa
nt

re
gi

on
,

th
e

gr
ad

ed
do

pa
nt

re
gi

on
to

ai
d

ca
rr

ie
r

m
ov

em
en

t
fr

om
th

e
fi

rs
t

su
rf

ac
e

to
th

e
se

co
nd

su
rf

ac
e

o
f

th
e

su
bs

tr
at

e.

E
xh

ib
it

A
-2

to
G

re
en

th
re

ad
’s

C
om

pl
ai

nt
(U

.S
.

P
at

en
t

N
o.

10
,7

34
,4

81
)

sh
ow

s
gr

ad
in

g
in

a
w

el
l

re
gi

on
.

(Z
oo

m
ed

in
ne

ar
ac

ti
ve

re
gi

on
s

on
im

ag
e

fr
om

pa
ge

43
)

Pa
ge

5

Greenthread Ex. 2026, p. 177 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
F

il
ed

05
/2

6/
23

P
ag

e
39

of
12

1
P

ag
el

D
#:

17
8

E
x
h
ib

it
A

-2
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,7
34

,4
81

) P
-t

yp
e

d
o
p
n
g

u
n
d
o
p
ed

l
hi

gh
ly

dc
ip

ed

N
-t

y
p
e

d
o
p
in

g

T
ed

i

T
ec

h
tn

si
gh

ts
dC

/d
V

P
ro

du
ct

A
rr

ay
_
2
0
4
0
6
2
2
1
5
5
3
5
2
_
P

R
O

D
U

C
T

_
F

R
W

_
1

0
0
u
5

1
2
p
_
4
0
0
9
7
3
p
n
g

L
SF

E
T

A
rr

ay
—

SC
M

C
ro

ss
-S

ec
ti

o
n

A
-A

g
te

pd
yS

4—
4

-

-
.

d
1
m

fl
e
r.

O
i5

1
r

p
G

H

I
O

cI
pm

1O
O

im

Pa
ge

16

Greenthread Ex. 2026, p. 178 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

40
of

12
1

P
ag

el
D

#:
17

9
E

xh
ib

it
A

-2
to

G
re

en
th

re
ad

’s
C

om
pl

ai
nt

(U
.S

.
P

at
en

t
N

o.
10

,7
34

,4
81

)

E
le

ct
ri

c
Fi

el
d

L
ow

er
D

op
in

g
N

ea
r

S
ou

rc
e

P
ro

vi
de

s
L

ow
er

E
le

ct
ri

c
Fi

el
d

F
IG

.
5

T
h

U
po

n
in

fo
rm

at
io

n
an

d
be

lie
f,

th
e

su
bs

tr
at

e
of

th
e

se
m

ic
on

du
ct

or
de

vi
ce

of
th

e
M

PS
A

cc
us

ed
P

ro
du

ct
s

is
a

p-
ty

pe
su

bs
ta

nc
e,

as
di

sc
us

se
d

ab
ov

e
an

d
sh

ow
n

in
•

e
S

C
M

!s
M

IM
an

al
ys

is
ab

ov
e.

se
m

ic
on

du
ct

or
de

vi
ce

o
f

cl
ai

m
1,

w
he

re
in

th
e

su
bs

tr
at

e
is

a
p

ty
pe

su
bs

tr
at

e.

1h
U

po
n

in
fo

rm
at

io
n

an
d

be
lie

f,
th

e
su

bs
tr

at
e

o
f

th
e

M
PS

A
cc

us
ed

P
ro

du
ct

s
ha

s
ep

it
ax

ia
l

si
li

co
n

on
to

p
o

f
a

no
ne

pi
ta

xi
al

su
bs

tr
at

e.
Fo

r
ex

am
pl

e,
th

e
de

vi
ce

•
e

su
m

m
ar

y
sh

ow
n

be
lo

w
in

cl
ud

es
an

up
pe

r
ep

it
ax

y
la

ye
r.

se
m

ic
on

du
ct

or
de

vi
ce

o
f

cl
ai

m
1,

w
he

re
in

th
e

su
bs

tr
at

e
ha

s

4,
w

ith
gr

ad
ed

w
ith

un
if

or
m

do
pi

ng

x
0

xi
X

2
D

ep
th

Pa
2e

7

Greenthread Ex. 2026, p. 179 of 260 
MPS v. Greenthread 

IPR2024-00550



C
a
s
e

1
:2

3
-
c
v
-
0
0
5
7
9
-
U

N
A

D
o
c
u
m

e
n
t

1
-
8

F
il

e
d

0
5
/
2
6
/
2
3

P
a
g
e

4
1

o
f

1
2

1
P

a
g
e
l
D

#
:

1
8

0

E
x
h
ib

it
A

-2
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,7
34

,4
81

)

ep
it

ax
ia

l
si

li
co

n
on

to
p

o
f

a
no

ne
pi

ta
xi

al
su

bs
tr

at
e.

D
ev

ic
e

S
u
m

m
ar

y

•
T

hi
s

re
po

rt
pr

es
en

ts
a

P
ow

er
E

ss
en

ti
al

s
an

al
ys

is
of

th
e

M
PS

M
P

86
90

5
si

lic
on

(S
i)

-b
as

ed

po
w

er
m

an
ag

em
en

t
IC

(P
M

IC
).

T
he

M
P

86
90

5
is

a
m

on
ol

ith
ic

ha
lf

-b
ri

dg
e

w
ith

bu
ilt

-i
n

in
te

rn
al

po
w

er
M

O
SF

E
T

5
an

d
ga

te
dr

iv
er

s
an

d
is

id
ea

lly
su

it
ed

fo
r

m
ul

ti
-p

ha
se

b
u
ck

re
gu

la
to

rs
.

It
of

fe
rs

50
A

co
nt

in
uo

us
ou

tp
ut

cu
rr

en
t

ov
er

a
w

id
e

4.
5

V
to

16
V

op
er

at
in

g

in
pu

t
ra

ng
e

(2
).

•
T

he
M

P
86

90
5

co
m

pr
is

es
a

si
ng

le
di

e
w

ith
M

P9
50

2
di

e
m

ar
ki

ng
s,

w
hi

ch
ar

e
en

ca
ps

ul
at

ed

in
a

23
-p

in
fl

ip
-c

hi
p

qu
ad

-f
la

t-
no

-l
ea

d
(F

C
-O

FN
)

pa
ck

ag
e

w
ith

lik
el

y
co

pp
er

(C
u)

bu
m

pi
ng

di
re

ct
ly

to
th

e
le

ad
fr

am
e.

•
T

he
M

P9
50

2
di

e
su

bs
tr

at
e

is
—

15
5

pm
th

ic
k

in
cl

ud
in

g
th

e
up

pe
r

ep
it

ax
y

la
ye

r
an

d
us

es

B
ip

ol
ar

-C
M

O
S-

D
M

O
S

(B
C

D
)

te
ch

no
lo

gy
.

It
fe

at
ur

es
a

si
ng

le
la

ye
r

of
po

ly
si

lic
on

in
th

e

an
al

yz
ed

re
gi

on
s,

th
re

e
al

um
in

um
(A

l)
m

et
al

la
ye

rs
,

tu
ng

st
en

(W
)

co
nt

ac
ts

an
d

vi
as

,
co

ba
lt

si
lic

id
e

(C
oS

i)
at

th
e

so
ur

ce
,

dr
ai

n,
an

d
po

ly
si

lic
on

co
n
ta

ct
re

gi
on

s.
T

he
pr

e-
m

et
al

di
el

ec
tr

ic

(P
M

D
)

u
se

s
si

lic
on

ox
id

e
(S

iO
)

la
ye

rs
,

w
hi

le
th

e
in

te
r-

m
et

al
di

el
ec

tr
ic

(I
M

D
)

la
ye

rs
u
se

s
ox

id
e

as
w

el
l.

Is
ol

at
io

n
st

ru
ct

ur
es

in
cl

ud
e

sh
al

lo
w

tr
en

ch
is

ol
at

io
n

(S
T

I)
in

th
e

lo
gi

c
re

gi
on

.

•
O

ne
gr

ou
p

of
hi

gh
si

de
M

O
SF

E
T

(H
SF

E
T

)
ar

ra
y

an
d

tw
o

gr
ou

ps
of

lo
w

si
de

M
O

SF
E

T

(L
SF

E
T

)
ar

ra
y

ar
e

us
ed

on
th

e
di

e.
T

he
st

ru
ct

ur
e

an
d

do
pa

nt
s

of
th

e
H

SI
L

S
FE

T
ar

ra
ys

ar
e

an
al

yz
ed

.
D

op
an

t
an

al
ys

is
in

th
e

l-
lS

/L
S

FE
T

ar
ra

y
re

gi
on

sh
ow

s
th

e
us

e
of

a
P

-t
yp

e

su
bs

tr
at

e,
an

N
-t

yp
e

bu
ri

ed
la

ye
r

(N
B

L
),

a
N

-d
nf

tlN
-w

el
l

la
ye

r
an

d
a

P-
w

el
l

la
ye

r.

T
he

st
ep

pe
d-

ga
te

-o
xi

de
(S

G
O

)
is

us
ed

in
th

e
L

D
M

O
S

de
vi

ce
s

on
th

is
di

e.
T

he
us

e
of

S
C

O

al
lo

w
s

a
re

du
ct

io
n

of
on

-r
es

is
ta

nc
e

(R
on

)
co

m
pa

re
d

w
ith

th
e

co
nv

en
ti

on
al

ST
I

L
D

M
O

S
(3

].

•
T

he
H

SF
E

T
is

ar
ra

ng
ed

in
a

on
e-

di
m

en
si

on
al

(1
D

)
ar

ra
y

w
ith

a
—

4.
0

pm
dr

ai
n-

to
-d

ra
in

pi
tc

h

an
d

—
0.

66
pm

to
ta

l
po

ly
si

lic
on

ga
te

le
ng

th
,

w
hi

le
th

e
L

SF
E

T
is

ar
ra

ng
ed

w
ith

—
3.

4
pm

dr
ai

n-
to

-d
ra

in
pi

tc
h

an
d

—
0.

60
pm

to
ta

l
po

ly
si

lic
on

ga
te

le
ng

th
in

to
ta

l.

•
In

th
e

lo
gi

c
re

gi
on

,
th

e
m

in
im

um
ob

se
rv

ed
ga

te
le

ng
th

is
0.

40
pm

on
a

0.
86

pm
co

nt
ac

te
d

ga
te

pi
tc

h,
in

di
ca

tin
g

th
e

us
e

of
lik

el
y

0.
18

pm
pr

oc
es

s
ge

ne
ra

ti
on

w
ith

re
la

xe
d

fe
at

ur
e

di
m

en
si

on
s.

M
an

uf
ac

tu
re

r
M

on
ol

ith
ic

P
ow

er
S

ys
te

m
s

P
ar

t
n
u
m

b
er

M
P

86
90

5

F
ou

nd
ry

U
nk

no
w

n

T
yp

e
PM

IC

D
at

e
co

d
e

H
39

(w
ee

k
39

ot
20

17
1

P
ac

k
ag

e
ty

p
e

23
-p

in
FC

-Q
FN

M
PS

H
39

P
ac

k
ag

e
m

ar
k
in

g
s

M
86

90
5

54
U

40
3

3.
97

m
m

‘
3.

97
m

m
‘

0.
88

m
m

P
ac

k
ag

e
d
im

en
si

o
n

s
(t

hi
ck

)

M
P9

50
2

20
13

D
ie

m
ar

k
in

g
s

<M
PS

lo
go

>

D
ie

si
ze

(w
ho

le
di

e)
3.

38
m

m
“

3.
14

m
m

(1
0.

61
m

m
’)

D
ie

si
ze

(e
dg

e
se

al
)

3.
36

m
m

3.
12

m
m

(1
0.

48
m

m
’)

M
in

im
um

m
ea

su
re

d
tr

an
si

st
o
r

0.
40

pm
/0

.8
6

pm
g

at
e

le
ng

th
!p

it
ch

Li
ke

ly
0.

18
pm

pr
oc

es
s

P
ro

ce
ss

g
en

er
at

io
n

ge
ne

ra
ti

on
w

ith
re

la
xe

d
fe

at
ur

e
di

m
en

si
on

s

F
ea

tu
re

m
ea

su
re

d
to

d
et

er
m

in
e

C
on

ta
ct

ed
ga

te
pi

tc
h,

us
e

of
C

oS
i

p
ro

ce
ss

g
en

er
at

io
n

co
nt

ac
ts

,
ST

I
is

ol
at

io
n

M
ax

im
um

v
o
lt

ag
e

[2
]

18
V

5
T

h
d

k
,’

g
w

i
w

.
M

n
a
’

T
ec

h
In

si
gh

ts

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

ab
ov

e
at

C
la

im
2.

4.
T

he
se

m
ic

on
du

ct
or

de
vi

ce
o

f
cl

ai
m

I,
w

he
re

in
th

e
fi

rs
t

ac
ti

ve
re

gi
on

an
d

se
co

nd
ac

ti
ve

re
gi

on
co

nt
ai

n
on

e
o

f
ei

th
er

p-
ch

an
ne

l
an

d
n-

ch
an

ne
l

de
vi

ce
s.

Pa
ge

I 8

Greenthread Ex. 2026, p. 180 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

42
of

12
1

P
ag

el
D

#:
18

1
E

xh
ib

it
A

-2
to

G
re

en
th

re
ad

’s
C

om
pl

ai
nt

(U
.S

.
P

at
en

t
N

o.
10

,7
34

,4
81

)

5
T

h
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
A

s
sh

ow
n

ab
ov

e,
th

e
so

ur
ce

s
an

d
dr

ai
ns

ar
e

n-
do

pe
d

an
d

th
er

ef
or

e
th

e
de

vi
ce

is
p-

ch
an

ne
l.

T
he

fi
rs

t
an

d
e

se
co

nd
ac

ti
ve

re
gi

on
s

ac
co

rd
in

gl
y

co
nt

ai
ns

p-
ch

an
ne

l
de

vi
ce

s.
Se

e
T

ec
h

ln
si

eh
ts

R
ep

or
t

im
ag

es
re

pr
od

uc
ed

ab
ov

e
at

C
la

im
I,

E
le

m
en

t
2.

se
m

ic
on

du
ct

or
de

vi
ce

o
f

cl
ai

m
,

w
he

re
in

th
e

fi
rs

t
ac

ti
ve

re
gi

on
an

d
se

co
nd

ac
ti

ve
re

gi
on

co
nt

ai
n

ei
th

er
p

ch
an

ne
l

or
n

ch
an

ne
l

de
vi

ce
s

in
n-

w
el

ls
or

p
w

el
ls

,
re

sp
ec

ti
ve

ly
,

an
d

ea
ch

w
el

l
ha

s
a

gr
ad

ed
do

pa
nt

.

6
T

h
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
T

he
fi

rs
t

ac
ti

ve
re

gi
on

an
d

se
co

nd
ac

ti
ve

re
gi

on
ha

ve
n-

ty
pe

do
pa

nt
an

d
co

nt
ai

n
p-

ch
an

ne
l

de
vi

ce
s

in
n

e
w

el
ls

.
T

he
w

el
ls

ha
ve

gr
ad

ed
do

pa
nt

s.
S

ee
T

ec
h

In
si

gh
ts

R
ep

or
t

im
ac

es
re

pr
od

uc
ed

ab
ov

e
at

C
la

im
1.

E
le

m
en

t
2

an
no

ta
ti

ng
“n

-w
el

ls
.”

se
m

ic
on

du
ct

or
-
.

de
vi

ce
o
f

cl
ai

m
I,

w
he

re
in

th
e

fi
rs

t
ac

ti
ve

re
gi

on
an

d
se

co
nd

ac
ti

ve
re

gi
on

ar
e

ea
ch

se
pa

ra
te

d
by

at
le

as
t

on
e

is
ol

at
io

n
re

gi
on

.

7
T

he
U

po
n

in
fo

rm
at

io
n

an
d

be
lie

f,
th

e
gr

ad
ed

do
pa

nt
is

fa
br

ic
at

ed
w

ith
an

io
n

im
pl

an
ta

ti
on

pr
oc

es
s.

Fo
r

ex
am

pl
e.

io
n

im
pl

an
ta

ti
on

is
th

e
pr

ev
al

en
t

pr
oc

es
s

fo
r

d
im

pl
em

en
ti

ng
do

pi
ng

in
se

m
ic

on
du

ct
or

de
vi

ce
s,

an
d

is
be

li
ev

ed
to

be
us

ed
fo

r
th

e
M

PS
’s

A
cc

us
ed

P
ro

du
ct

s.
M

P
S

’s
re

ce
nt

pa
te

nt
ap

pl
ic

at
io

ns
re

fe
re

nc
e

or
fo

rm
in

g
N

re
gi

on
s

an
d

P
re

gi
on

s
by

io
n

im
pl

an
ta

ti
on

.
In

fo
rm

at
io

n
ab

ou
t

th
e

fa
br

ic
at

io
n

pr
oc

es
s

fo
r

th
e

M
PS

A
cc

us
ed

P
ro

du
ct

s,
in

cl
ud

in
g

us
ag

e
of

an
io

n
e
v
ic

e
o
:a

im
im

pl
an

ta
ti

on
pr

oc
es

s,
is

in
th

e
po

ss
es

si
on

of
D

ef
en

da
nt

an
d

is
ex

pe
ct

ed
to

be
ob

ta
in

ed
th

ro
ug

h
di

sc
ov

er
y.

gr
ad

ed
do

pa
nt

is
fa

br
ic

at
ed

w
ith

an
io

n
im

pl
an

ta
ti

on
pr

oc
es

s.

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

ab
ov

e
at

C
la

im
1,

E
le

m
en

ts
1-

3.
8.

T
he

se
m

ic
on

du
ct

or
de

vi
ce

o
f

cl
ai

m

Pa
ge

19

Greenthread Ex. 2026, p. 181 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
F

il
ed

0
5
/2

6
/2

3
P

ag
e

43
of

12
1

P
ag

el
D

#:
18

2

E
x
h
ib

it
A

-2
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,7
34

,4
81

)

I,
w

he
re

in
th

e
fi

rs
t

an
d

se
co

nd
ac

ti
ve

re
gi

on
s

ar
e

fo
rm

ed
ad

ja
ce

nt
th

e
fi

rs
t

su
rf

ac
e

o
f

th
e

su
bs

tr
at

e.

9
T

h
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
A

s
sh

ow
n

by
th

e
im

ag
es

ob
ta

in
ed

by
S

P
M

/s
M

IM
an

ly
si

s
(s

ee
ab

ov
e

at
C

la
im

I,
E

le
m

en
t

5)
,

th
e

M
PS

-
e

A
cc

us
ed

P
ro

du
ct

s
sh

ow
bl

oc
ks

of
hi

gh
ly

n-
do

pe
d

an
d

p-
do

pe
d

w
el

ls
.

se
m

ic
on

du
ct

or
de

vi
ce

o
f

cl
ai

m
I,

w
he

re
in

do
pa

nt
s

of
th

e
gr

ad
ed

do
pa

nt
co

nc
en

tr
at

io
n

in
th

e
fi

rs
t

ac
ti

ve
re

gi
on

or
th

e
se

co
nd

ac
ti

ve
re

gi
on

ar
e

ei
th

er
p-

ty
pe

or
n-

ty
pe

.

T
h

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

A
s

di
sc

us
se

d
ab

ov
e

fo
r

C
la

im
I,

th
e

M
PS

A
cc

us
ed

P
ro

du
ct

s
in

cl
ud

e
fi

rs
t

an
d

se
co

nd
ac

ti
ve

re
gi

on
s.

U
po

n
e

in
fo

rm
at

io
n

an
d

be
li

ef
,

C
M

O
S

tr
an

si
st

or
s

ar
e

fo
rm

ed
in

th
e

fi
rs

t
an

d
se

co
nd

ac
ti

ve
re

gi
on

s,
th

e
C

M
O

S
tr

an
si

st
or

s
re

qu
ir

in
g

a
so

ur
ce

,
a

dr
ai

n,
a

ga
te

,
an

d
a

se
m

ic
on

du
ct

or
ch

an
ne

l
re

gi
on

.
D

et
ai

ls
re

ga
rd

in
g

tr
an

si
st

or
s

us
ed

ar
e

in
th

e
po

ss
es

si
on

o
f

D
ef

en
da

nt
an

d
ar

e
ex

pe
ct

ed
to

be
ob

ta
in

ed
th

ro
ug

h
di

sc
ov

er
y.

de
vi

ce
o

f
cl

ai
m

I,
w

he
re

in
th

e
tr

an
si

st
or

s
w

hi
ch

ca
n

be
fo

rm
ed

in
th

e
fi

rs
t

an
d

se
co

nd
ac

ti
ve

re
gi

on
s

ar
e

C
M

O
S

tr
an

si
st

or
s

re
qu

ir
in

g
at

le
as

t
a

so
ur

ce
,

a
dr

ai
n,

a
ga

te
an

d
a

ch
an

ne
l.

15
T

he
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
ab

ov
e

at
C

la
im

3
(r

eg
ar

di
ng

ep
it

ax
y)

an
d

C
la

im
13

(r
eg

ar
di

ng
C

M
O

S
).

se
m

ic
on

du
ct

or
de

vi
ce

o
f

cl
ai

m
I,

w
he

re
in

th
e

de
vi

ce
is

a
Pa

ge
20

Greenthread Ex. 2026, p. 182 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

44
of

12
1

P
ag

el
D

#:
18

3
E

x
h
ib

it
A

-2
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,7
34

,4
81

)
co

m
pl

em
en

ta
ry

m
et

al
ox

id
e

se
m

ic
on

du
ct

or
(C

M
O

S
)

w
ith

a
no

ne
pi

ta
xi

al
su

bs
tr

at
e.

17
.

T
he

se
m

ic
on

du
ct

or
de

vi
ce

o
f

cl
ai

m
1,

w
he

re
in

th
e

de
vi

ce
is

a
lo

gi
c

de
vi

ce
.

U
po

n
in

fo
rm

at
io

n
an

d
be

li
ef

th
e

M
PS

’s
A

cc
us

ed
Pr

od
uc

ts
co

m
pr

is
e

a
lo

gi
c

de
vi

ce
.

Fo
r

ex
am

pl
e,

th
e

im
ag

e
be

lo
w

di
sp

la
ys

a
“c

on
tr

ol
ci

rc
ui

t”
re

gi
on

.

M
P

95
02

D
ie

U
pp

er
C

o
rn

er
s

•
T

he
sc

ri
be

la
ne

m
ea

su
re

s
—

12
pm

w
id

e
al

l
ar

ou
nd

th
e

di
e.

•
T

he
co

nt
ro

l
ci

rc
ui

t
is

at
th

e
to

p
po

rt
io

n
of

th
e

di
e.

T
ec

h
In

si
gh

ts

.
T

o
th

e
ex

te
nt

th
e

pr
ea

m
bl

e
is

a
lim

ita
tio

n,
th

e
M

PS
A

cc
us

ed
Pr

od
uc

ts
in

cl
ud

e/
co

m
pr

is
e

a
se

m
ic

on
du

ct
or

de
vi

ce
.

Se
e

ab
ov

e
at

C
la

im
1,

Pr
ea

m
bl

e.
C

la
im

20
,

P
re

am
bl

el
A

se
m

ic
on

du
ct

or

12
A

l
C

2
0
2
2

T
.d

,n
.Q

0
I
n

A
fl

Pa
ge

21

Greenthread Ex. 2026, p. 183 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
F

il
ed

05
/2

6/
23

P
ag

e
45

of
12

1
P

ag
el

D
#:

18
4

E
xh

ib
it

A
-2

to
G

re
en

th
re

ad
’s

C
o

m
p

la
in

t
(U

.S
.

P
at

en
t

N
o.

10
,7

34
,4

81
)

de
vi

ce
,

co
m

pr
is

in
g:

•
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
ab

ov
e

at
C

la
im

I.
E

le
m

en
t

I.
jC

(a
im

20
,

E
le

m
en

t
II

a
su

bs
tr

at
e

o
f

a
fi

rs
t

do
pi

ng
ty

pe
at

a
fi

rs
t

do
pi

ng
le

ve
l

ha
vi

ng
fi

rs
t

an
d

se
co

nd
su

rf
ac

es
;

,
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
ab

ov
e

at
C

la
im

I,
E

le
m

en
t

2.
U

po
n

in
fo

rm
at

io
n

an
d

be
lie

f,
tr

an
si

st
or

s
ca

n
be

fo
rm

ed
in

th
e

su
rf

ac
e

of

IC
la

im
20

,
E

le
m

en
t 2

1
a

th
e

fi
rs

t
ac

ti
ve

re
gi

on
.

D
et

ai
ls

re
ga

rd
in

g
fo

rm
at

io
n

of
tr

an
si

st
or

s
ar

e
in

th
e

po
ss

es
si

on
of

D
ef

en
da

nt
an

d
ar

e
ex

pe
ct

ed
to

be
ob

ta
in

ed
th

ro
ug

h
di

sc
ov

er
y.

fi
rs

t
ac

ti
ve

re
gi

on
di

sp
os

ed
ad

ja
ce

nt
th

e
fi

rs
t

su
rf

ac
e

of
th

e
su

bs
tr

at
e

w
ith

a
se

co
nd

do
pi

ng
ty

pe
op

po
si

te
in

co
nd

uc
ti

vi
ty

to
th

e
fi

rs
t

do
pi

ng
ty

pe
an

d
w

it
hi

n
w

hi
ch

tr
an

si
st

or
s

ca
n

be
fo

rm
ed

in
th

e
su

rf
ac

e
th

er
eo

f; •
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
U

po
n

in
fo

rm
at

io
n

an
d

be
lie

f,
tr

an
si

st
or

s
ca

n
be

fo
rm

ed
in

th
e

su
rf

ac
e

of
th

e
se

co
nd

ac
ti

ve
re

gi
on

.
D

et
ai

ls

I
1
’
n
’
I

a
re

ga
rd

in
g

fo
rm

at
io

n
of

tr
an

si
st

or
s

ar
e

in
th

e
po

ss
es

si
on

of
D

ef
en

da
nt

an
d

ar
e

ex
pe

ct
ed

to
be

ob
ta

in
ed

th
ro

ug
h

di
sc

ov
er

y.

se
co

nd
ac

ti
ve

re
gi

on
se

pa
ra

te
fr

om
th

e
fi

rs
t

ac
ti

ve
re

gi
on

di
sp

os
ed

ad
ja

ce
nt

to
th

e
fi

rs
t

ac
ti

ve
re

gi
on

an
d

w
it

hi
n

w
hi

ch
tr

an
si

st
or

s
ca

n
be

Pa
ge

22

Greenthread Ex. 2026, p. 184 of 260 
MPS v. Greenthread 

IPR2024-00550



fo
rm

ed
in

th
e

su
rf

ac
e

th
er

eo
f:

C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
Ie

d
05

/2
6/

23
P

ag
e

46
of

12
1

P
ag

el
D

#:
18

5
E

x
h
ib

it
A

-2
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,7
34

,4
81

)

.
T

he
M

PS
A

cc
us

ed
Pr

od
uc

ts
m

ee
t

th
is

lim
ita

tio
n.

Se
e

ab
ov

e
at

C
la

im
1,

E
le

m
en

t
4.

C
la

im
20

,
E

le
m

en
t

41
tr

an
si

st
or

s
fo

rm
ed

in
at

le
as

t
on

e
of

th
e

fi
rs

t
ac

tiv
e

re
gi

on
or

se
co

nd
ac

tiv
e

re
gi

on
;

.
T

he
M

PS
A

cc
us

ed
Pr

od
uc

ts
m

ee
t

th
is

lim
ita

tio
n.

Se
e

ab
ov

e
at

C
la

im
1,

E
le

m
en

t
5.

jC
la

im
20

,
E

le
m

en
t

5)
at

le
as

t
a

po
rt

io
n

of
at

le
as

t
on

e
of

th
e

fi
rs

t
an

d
se

co
nd

ac
tiv

e
re

gi
on

s
ha

vi
ng

at
le

as
t

on
e

gr
ad

ed
do

pa
nt

co
nc

en
tr

at
io

n
to

ai
d

ca
rr

ie
r

m
ov

em
en

t
fr

om
th

e
su

rf
ac

e
to

th
e

su
bs

tr
at

e:
an

d

.
T

he
M

PS
A

cc
us

ed
Pr

od
uc

ts
m

ee
t

th
is

lim
ita

tio
n.

Se
e

ab
ov

e
at

C
la

im
6.

JC
Ia

im
20

,
E

le
m

en
t

6)
at

le
as

t
on

e
w

el
l

re
gi

on
ad

ja
ce

nt
to

th
e

fi
rs

t
or

se
co

nd
ac

tiv
e

re
gi

on
co

nt
ai

ni
ng

at
le

as
t

on
e

gr
ad

ed
do

pa
nt

re
gi

on
,

th
e

gr
ad

ed
do

pa
nt

re
gi

on
to

ai
d

ca
rr

ie
r

m
ov

em
en

t
fr

om

Pa
ge

23

Greenthread Ex. 2026, p. 185 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
F

il
ed

05
/2

6/
23

P
ag

e
47

of
12

1
P

ag
el

D
#:

18
6

E
x
h
ib

it
A

-2
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

(U
.S

.
P

at
en

t
N

o.
10

,7
34

,4
81

)

th
e

fi
rs

t
su

rf
ac

e
to

th
e

se
co

nd
su

rf
ac

e
of

th
e

su
bs

tr
at

e.

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

ab
ov

e
at

C
la

im
1,

E
le

m
en

t
2.

22
.

T
he

se
m

ic
on

du
ct

or
de

vi
ce

of
cl

ai
m

20
,

w
he

re
in

th
e

su
bs

tr
at

e
is

a
ty

pe
su

bs
tr

at
e.

.
,

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

ab
ov

e
at

C
la

im
3.

2
j.

T
he

se
m

ic
on

du
ct

or
de

vi
ce

o
f

cl
ai

m
20

,
w

he
re

in
th

e
su

bs
tr

at
e

ha
s

ep
it

ax
ia

l
si

li
co

n
on

to
p

of
a

no
ne

pi
ta

xi
al

su
bs

tr
at

e.

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

ab
ov

e
at

C
la

im
4.

24
.

T
he

se
m

ic
on

du
ct

or
de

vi
ce

of
cl

ai
m

20
,

w
he

re
in

th
e

fi
rs

t
ac

ti
ve

re
gi

on
an

d
se

co
nd

ac
ti

ve
re

gi
on

co
nt

ai
n

at
le

as
t

on
e

of
ei

th
er

ch
an

ne
l

an
d

n
ch

an
ne

l
de

vi
ce

s.

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n

Se
e

ab
ov

e
at

C
la

im
5.

25
.T

he
se

m
ic

on
du

ct
or

de
vi

ce
o
f

cl
ai

m
20

,
w

he
re

in
th

e
fi

rs
t

ac
ti

ve
re

gi
on

an
d

se
co

nd
ac

ti
ve

re
gi

on
Pa

ge
24

Greenthread Ex. 2026, p. 186 of 260 
MPS v. Greenthread 

IPR2024-00550



G)
C,

ci

0

C,

0

C)

(0

Lr)
Q

U

S
=
C-)
0

z
D

N
L()
Q
0

L)
c)

U,

(-)

r’)

z

rJ)

E

‘n

-— j)

0)

0)

Greenthread Ex. 2026, p. 187 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1
:2

3
-c

v
-0

0
5
7
9
-U

N
A

D
o
cu

m
en

t
1-

8
F

il
ed

0
5

/2
6

/2
3

P
ag

e
49

of
12

1
P

ag
el

D
#;

1
8
8

E
xh

ib
it

A
-2

to
G

re
en

th
re

ad
’s

C
o

m
p

la
in

t
(U

.S
.

P
at

en
t

N
o.

10
,7

34
,4

81
)

im
pl

an
ta

ti
on

pr
oc

es
s.

,
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
ab

ov
e

at
C

la
im

13
.

i2
.

T
he

se
m

ic
on

du
ct

or
de

vi
ce

o
f

cl
ai

m
20

,
w

he
re

in
th

e
su

bs
tr

at
e

is
a

co
m

pl
em

en
ta

ry
m

et
al

ox
id

e
se

m
ic

on
du

ct
or

(C
M

O
S

)
de

vi
ce

.

,
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
ab

ov
e

at
C

la
im

17
.

.,4
.

T
he

se
m

ic
on

du
ct

or
de

vi
ce

of
cl

ai
m

20
,

w
he

re
in

th
e

de
vi

ce
is

a
lo

gi
c

de
vi

ce
.

‘a
ge

26

Greenthread Ex. 2026, p. 188 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Pi
le

d
05

/2
6/

23
P

ag
e

50
of

12
1

P
ag

el
D

#:
18

9
E

x
h
ib

it
A

-3
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

U
.S

.
P

at
en

t
N

o.
11

,1
21

,2
22

A
cc

us
ed

P
ro

du
ct

s

IC
la

im
1,

P
re

am
bl

el
A

V
L

SI
T

o
th

e
ex

te
nt

th
e

pr
ea

m
bl

e
is

a
lim

ita
tio

n,
th

e
M

PS
A

cc
us

ed
Pr

od
uc

ts
in

cl
ud

e
a

V
L

SI
se

m
ic

on
du

ct
or

de
vi

ce
.

T
he

M
PS

S
em

ic
on

du
ct

or
86

90
5

se
m

ic
on

du
ct

or
de

vi
ce

,
In

te
lli

-P
ha

se
So

lu
tio

n
w

ith
in

te
gr

at
ed

H
S/

L
S-

FE
T

s
an

d
D

ri
ve

r
(“

86
90

5”
)

di
sc

us
se

d
fo

r
cl

ai
m

I
of

E
xh

ib
it

A
-I

is
a

se
m

ic
on

du
ct

or
de

vi
ce

(s
ee

co
m

pr
is

in
g:

E
xh

ib
it

A
-I

,
C

la
im

I,
Pr

ea
m

bl
e)

w
ith

tr
an

si
st

or
s,

an
d

is
a

V
L

SI
se

m
ic

on
du

ct
or

de
vi

ce
up

on
in

fo
rm

at
io

n
an

d
be

lie
f.

D
et

ai
ls

re
ga

rd
in

g
tr

an
si

st
or

co
un

t
ar

e
in

th
e

po
ss

es
si

on
of

th
e

D
ef

en
da

nt
an

d
ar

e
ex

pe
ct

ed
to

be
ob

ta
in

ed
th

ro
ug

h
di

sc
ov

er
y.

T
hi

s
ch

ar
t

in
cl

ud
es

ex
em

pl
ar

y
in

fo
rm

at
io

n
re

ga
rd

in
g

a
re

pr
es

en
ta

tiv
e

ex
am

pl
e

of
th

e
M

PS
A

cc
us

ed
Pr

od
uc

ts
,

th
e

M
PS

86
90

5.
T

he
M

PS
86

90
5

is
re

pr
es

en
ta

ti
ve

of
th

e
M

PS
A

cc
us

ed
Pr

od
uc

ts
fo

r
pu

rp
os

es
of

th
is

cl
ai

m
ch

ar
t

an
d

th
e

ot
he

r
in

fr
in

ge
m

en
t

co
nt

en
tio

n
cl

ai
m

ch
ar

ts
be

ca
us

e
up

on
in

fo
rm

at
io

n
an

d
be

lie
f,

th
e

ot
he

r
M

PS
A

cc
us

ed
Pr

od
uc

ts
w

ou
ld

ha
ve

si
m

ila
rl

y
be

en
ad

va
nt

ag
eo

us
ly

de
si

gn
ed

to
m

ov
e

ca
rr

ie
rs

(e
.g

.,
to

w
ar

ds
th

e
su

bs
tr

at
e)

an
d

ac
hi

ev
e

th
e

pe
rf

or
m

an
ce

en
ha

nc
em

en
ts

de
sc

ri
be

d
an

d
cl

ai
m

ed
in

th
e

‘2
22

pa
te

nt
(a

nd
th

e
ot

he
r

as
se

rt
ed

pa
te

nt
s)

.
Fo

r
ex

am
pl

e,
th

e
ot

he
r

M
PS

A
cc

us
ed

Pr
od

uc
ts

w
ou

ld
si

m
ila

rl
y

ha
ve

be
en

de
si

gn
ed

w
ith

a
do

pa
nt

gr
ad

ie
nt

in
or

de
r

to
im

pr
ov

e
pe

rf
or

m
an

ce
ch

ar
ac

te
ri

st
ic

s
su

ch
as

on
an

d
of

f
sw

itc
hi

ng
tim

es
an

d
ot

he
r

pe
rf

or
m

an
ce

en
ha

nc
em

en
ts

de
sc

ri
be

d
in

th
e

A
bs

tr
ac

t
of

th
e

‘2
22

pa
te

nt
(a

nd
th

e
ot

he
r

as
se

rt
ed

pa
te

nt
s)

.
Si

m
ila

rl
y,

th
e

ot
he

r
M

PS
A

cc
us

ed
Pr

od
uc

ts
(i

nc
lu

di
ng

M
PS

A
cc

us
ed

Pr
od

uc
ts

)
w

ou
ld

ha
ve

be
en

de
si

gn
ed

in
a

si
m

ila
r

m
an

ne
r

as
th

e
M

PS
86

90
5

fo
r

pu
rp

os
es

of
th

is
cl

ai
m

ch
ar

t
be

ca
us

e
to

ac
hi

ev
e

su
ch

pe
rf

or
m

an
ce

en
ha

nc
em

en
ts

(e
.g

.,
on

an
d

of
f

sw
itc

hi
ng

tim
es

).
T

he
re

fo
re

,
up

on
in

fo
rm

at
io

n
an

d
be

li
ef

th
e

ot
he

r
M

PS
A

cc
us

ed
Pr

od
uc

ts
co

nt
ai

n
si

m
ila

r
fe

at
ur

es
as

th
e

M
PS

86
90

5
tr

an
si

st
or

s
de

pi
ct

ed
he

re
,

an
d

fu
nc

tio
n

in
a

si
m

ila
r

w
ay

w
ith

re
sp

ec
t

to
th

e
fe

at
ur

es
cl

ai
m

ed
in

th
e

as
se

rt
ed

cl
ai

m
s,

an
d

th
e

ot
he

r
M

PS
A

cc
us

ed
Pr

od
uc

ts
co

nt
ai

n
si

m
ila

r
fe

at
ur

es
as

th
e

M
PS

86
90

5,
an

d
fu

nc
tio

n
in

a
si

m
ila

r
w

ay
w

ith
re

sp
ec

t
to

th
e

fe
at

ur
es

cl
ai

m
ed

in
th

e
as

se
rt

ed
cl

ai
m

s.
T

hi
s

cl
ai

m
ch

ar
t

is
ba

se
d

on
pu

bl
ic

ly
av

ai
la

bl
e

in
fo

rm
at

io
n,

an
d

ad
di

tio
na

l
in

fo
rm

at
io

n
re

ga
rd

in
g

th
es

e
an

d
ot

he
r

ac
cu

se
d

pr
od

uc
ts

is
ex

pe
ct

ed
to

be
ob

ta
in

ed
th

ro
ug

h
di

sc
ov

er
y.

•
T

he
M

PS
A

cc
us

ed
Pr

od
uc

ts
m

ee
t

th
is

lim
ita

tio
n.

Se
e

E
xh

ib
it

A
-I

,
C

la
im

I.
E

le
m

en
t

I.
(C

la
im

I,
E

le
m

en
t

IJ
a

su
bs

tr
at

e
of

a
fi

rs
t

do
pi

ng
ty

pe
at

a
fi

rs
t

do
pi

ng
le

ve
l

ha
vi

ng
a

su
rf

ac
e;

(C
la

im
1,

E
le

m
en

t
2(

a
fi

rs
t

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
E

xh
ib

it
A

-i
,

C
la

im
1,

E
le

m
en

t
2.

ac
tiv

e
re

gi
on

di
sp

os
ed

ad
ja

ce
nt

th
e

su
rf

ac
e

w
ith

a
se

co
nd

do
pi

ng
ty

pe
op

po
si

te
in

co
nd

uc
tiv

ity
to

th
e

fi
rs

t
do

pi
ng

ty
pe

an
d

w
ith

in
w

hi
ch

tr
an

si
st

or
s

ca
n

be
fo

rm
ed

;

(C
la

im
1,

E
le

m
en

t
3J

a
se

co
nd

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
E

xh
ib

it
A

-I
,

C
la

im
I,

E
le

m
en

t
3.

ac
tiv

e
re

gi
on

se
pa

ra
te

fr
om

th
e

fi
rs

t
ac

tiv
e

re
gi

on
di

sp
os

ed
ad

ja
ce

nt
to

th
e

fi
rs

t
ac

tiv
e

re
gi

on
an

d
w

ith
in

w
hi

ch
tr

an
si

st
or

s
ca

n
be

fo
rm

ed
;

IC
la

im
1,

E
le

m
en

t
41

tr
an

si
st

or
s

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
E

xh
ib

it
A

-I
,

C
la

im
I,

E
le

m
en

t
4.

fo
rm

ed
in

at
le

as
t

on
e

of
th

e
fi

rs
t

Pa
ge

I

Greenthread Ex. 2026, p. 189 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
F

il
ed

0
5
/2

6
/2

3
P

ag
e

51
of

12
1

P
ag

el
D

#:
19

0

E
x
h
ib

it
A

-3
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

U
.S

.
P

at
en

t
N

o.
11

,1
21

,2
22

A
cc

us
ed

P
ro

du
ct

s

ac
tiv

e
re

gi
on

or
se

co
nd

ac
tiv

e
re

gi
on

;

IC
la

im
I,

E
le

m
en

t
51

at
le

as
t

a
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
E

xh
ib

it
A

-I
,

C
la

im
I,

E
le

m
en

t
5.

Se
e

S
C

M
/s

M
IM

an
al

ys
is

re
pr

od
uc

ed
at

E
xh

ib
it

A
-I

,

po
rt

io
n

of
at

le
as

t
on

e
o

f
th

e
fi

rs
t

C
la

im
I,

E
le

m
en

tS
el

ec
tr

ic
al

ly
ch

ar
ac

te
ri

zi
ng

th
e

ac
cu

se
d

pr
od

uc
t

an
d

sh
ow

in
g

ca
rr

ie
r

m
ov

em
en

t
an

d
el

ec
tr

ic
fi

el
ds

.
S

C
M

/s
M

IM
an

al
ys

is

an
d

se
co

nd
ac

ti
ve

re
gi

on
s

ha
vi

ng
ge

ne
ra

ll
y

is
di

sc
us

se
d

at
E

xh
ib

it
A

-I
.

C
la

im
I,

E
le

m
en

t
5.

at
le

as
t

on
e

gr
ad

ed
do

pa
nt

co
nc

en
tr

at
io

n
to

ai
d

ca
rr

ie
r

m
ov

em
en

t
fr

om
th

e
fi

rs
t

an
d

se
co

nd
ac

ti
ve

re
gi

on
s

to
w

ar
ds

an
ar

ea
o

f
th

e
su

bs
tr

at
e

w
he

re
th

er
e

ar
e

no
ac

ti
ve

re
gi

on
s:

an
d

IC
la

im
I,

E
le

m
en

t
61

at
le

as
t

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

E
xh

ib
it

A
-2

,
C

la
im

I,
E

le
m

en
t

6.
U

po
n

in
fo

rm
at

io
n

an
d

be
lie

f,
at

le
as

t
so

m
e

o
f

th
e

on
e

w
el

l
re

gi
on

ad
ja

ce
nt

to
th

e
tr

an
si

st
or

s
fo

rm
di

gi
ta

l
lo

gi
c

of
th

e
V

L
SI

se
m

ic
on

du
ct

or
de

vi
ce

.
Fo

r
ex

am
pl

e,
tr

an
si

st
or

s
ar

e
co

m
m

on
ly

us
ed

to
im

pl
em

en
t

di
gi

ta
l

lo
gi

c,
e.

g.
,

fi
rs

t
or

se
co

nd
ac

ti
ve

re
gi

on
fo

r
co

nt
ro

ll
in

g
ac

ce
ss

to
m

em
or

y
co

m
po

ne
nt

s/
fu

nc
ti

on
al

it
y.

D
et

ai
ls

re
ga

rd
in

g
tr

an
si

st
or

s
in

th
e

M
PS

A
cc

us
ed

P
ro

du
ct

s
ar

e
in

th
e

po
ss

es
si

on
o
f

co
nt

ai
ni

ng
at

le
as

t
on

e
gr

ad
ed

th
e

D
ef

en
da

nt
an

d
ar

e
ex

pe
ct

ed
to

be
ob

ta
in

ed
th

ro
ug

h
di

sc
ov

er
y.

Se
e

al
so

S
C

M
/s

M
IM

an
al

ys
is

re
pr

od
uc

ed
at

E
xh

ib
it

A
-I

,
C

la
im

I,
E

le
m

en
t

do
pa

nt
re

gi
on

,
th

e
gr

ad
ed

do
pa

nt
5

el
ec

tr
ic

al
ly

ch
ar

ac
te

ri
zi

ng
th

e
ac

cu
se

d
pr

od
uc

t
an

d
sh

ow
in

g
ca

rr
ie

r
m

ov
em

en
t

an
d

el
ec

tr
ic

fi
el

ds
.

S
C

M
/s

M
IM

an
al

ys
is

ge
ne

ra
ll

y
is

di
sc

us
se

d

re
gi

on
to

ai
d

ca
rr

ie
r

m
ov

em
en

t
at

E
xh

ib
it

A
-I

,
C

la
im

I,
E

le
m

en
tS

.

fr
om

th
e

su
rf

ac
e

to
w

ar
ds

th
e

ar
ea

of
th

e
su

bs
tr

at
e

w
he

re
th

er
e

ar
e

no
ac

ti
ve

re
gi

on
s,

w
he

re
in

at
le

as
t

so
m

e
o

f
th

e
tr

an
si

st
or

s
fo

rm
di

gi
ta

l
lo

gi
c

o
ft

h
e

V
L

SI
se

m
ic

on
du

ct
or

de
vi

ce
.

3.
T

he
V

L
SI

se
m

ic
on

du
ct

or
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
E

xh
ib

it
A

-I
,

C
la

im
4.

de
vi

ce
of

cl
ai

m
1,

w
he

re
in

th
e

su
bs

tr
at

e
ha

s
ep

it
ax

ia
l

si
li

co
n

on
to

p
o

f
a

no
ne

pi
ta

xi
al

su
bs

tr
at

e.

4.
T

he
V

L
SI

se
m

ic
on

du
ct

or
T

he
M

P5
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
E

xh
ib

it
A

-I
,

C
la

im
5;

E
xh

ib
it

A
-2

,
C

la
im

4.
U

po
n

in
fo

rm
at

io
n

an
d

be
li

ef
,

th
e

fi
rs

t
an

d

de
vi

ce
o

f
cl

ai
m

1,
w

he
re

in
th

e
se

co
nd

ac
ti

ve
re

gi
on

s
co

nt
ai

n
di

gi
ta

l
lo

gi
c

as
cl

ai
m

ed
.

Se
e

ab
ov

e
at

C
la

im
I,

E
le

m
en

t
6.

fi
rs

t
ac

ti
ve

re
gi

on
an

d
se

co
nd

ac
ti

ve
re

gi
on

co
nt

ai
n

di
gi

ta
l

lo
gi

c
fo

rm
ed

by
on

e
of

ei
th

er
p

ch
an

ne
l

an
d

n-
ch

an
ne

l
de

vi
ce

s.

5.
T

he
V

L
SI

se
m

ic
on

du
ct

or
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n
.S

ee
E

xh
ib

it
A

-I
,

C
la

im
6.

de
vi

ce
of

cl
ai

m
I,

w
he

re
in

th
e

Pa
ge

2

Greenthread Ex. 2026, p. 190 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
F

il
ed

0
5
/2

6
/2

3
P

ag
e

52
of

12
1

P
ag

el
D

#:
19

1
E

x
h
ib

it
A

-3
to

C
re

en
th

re
ad

’s
C

o
m

p
la

in
t

U
.S

.
P

at
en

t
N

o.
11

,1
21

,2
22

A
cc

us
ed

P
ro

du
ct

s

fi
rs

t
ac

ti
ve

re
gi

on
an

d
se

co
nd

ac
ti

ve
re

gi
on

co
nt

ai
n

ei
th

er
p

ch
an

ne
l

or
n-

ch
an

ne
l

de
vi

ce
s

in
n—

w
el

ls
or

p—
w

el
ls

,
re

sp
ec

ti
ve

ly
,

an
d

ea
ch

w
el

l
ha

s
at

le
as

t
on

e
gr

ad
ed

do
pa

nt
.

6.
T

he
V

L
SI

se
m

ic
on

du
ct

or
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
E

xh
ib

it
A

-I
,

C
la

im
7.

de
vi

ce
o
f

cl
ai

m
1,

w
he

re
in

th
e

fi
rs

t
ac

ti
ve

re
gi

on
an

d
se

co
nd

ac
ti

ve
re

gi
on

ar
e

ea
ch

se
pa

ra
te

d
by

at
le

as
t

on
e

is
ol

at
io

n
re

gi
on

.

7.
T

he
V

L
SI

se
m

ic
on

du
ct

or
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
E

xh
ib

it
A

-I
,

C
la

im
8.

de
vi

ce
o
f

cl
ai

m
I,

w
he

re
in

th
e

gr
ad

ed
do

pa
nt

is
fa

br
ic

at
ed

w
ith

an
io

n
im

pl
an

ta
ti

on
pr

oc
es

s.

8.
T

he
V

L
SI

se
m

ic
on

du
ct

or
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
E

xh
ib

it
A

-I
.

C
la

im
I.

E
le

m
en

ts
1-

3.
de

vi
ce

o
f

cl
ai

m
I,

w
he

re
in

th
e

fi
rs

t
an

d
se

co
nd

ac
ti

ve
re

gi
on

s
ar

e
fo

rm
ed

ad
ja

ce
nt

th
e

fi
rs

t
su

rf
ac

e
of

th
e

su
bs

tr
at

e.

9.
T

he
V

L
SI

se
m

ic
on

du
ct

or
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
E

xh
ib

it
A

-2
,

C
la

im
9.

de
vi

ce
of

cl
ai

m
I,

w
he

re
in

do
pa

nt
s

of
th

e
gr

ad
ed

do
pa

nt
co

nc
en

tr
at

io
n

in
th

e
fi

rs
t

ac
tiv

e
re

gi
on

or
th

e
se

co
nd

ac
ti

ve
re

gi
on

ar
e

ei
th

er
p-

ty
pe

or
n

ty
pe

.

13
.

T
he

V
L

SI
se

m
ic

on
du

ct
or

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

E
xh

ib
it

A
-2

.
C

la
im

13
.

U
po

n
in

fo
rm

at
io

n
an

d
be

lie
f,

th
e

tr
an

si
st

or
s

w
hi

ch
ca

n
be

fo
rm

ed
de

vi
ce

of
cl

ai
m

I,
w

he
re

in
th

e
in

th
e

fi
rs

t
an

d
se

co
nd

ac
tiv

e
re

gi
on

s
ar

e
C

M
O

S
di

gi
ta

l
lo

gi
c

tr
an

si
st

or
s

as
cl

ai
m

ed
.

Se
e

ab
ov

e
at

C
la

im
I,

E
le

m
en

t
6.

tr
an

si
st

or
s

w
hi

ch
ca

n
be

fo
rm

ed
in

th
e

fi
rs

t
an

d
se

co
nd

ac
tiv

e
re

gi
on

s
ar

e
C

M
O

S
di

gi
ta

l
lo

gi
c

tr
an

si
st

or
s

re
qu

ir
in

g
at

le
as

t
a

so
ur

ce
,

a
dr

ai
n,

a
ga

te
an

d
a

ch
an

ne
l.

Pa
ge

3

Greenthread Ex. 2026, p. 191 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
FH

ed
05

/2
6/

23
P

ag
e

53
of

12
1

P
ag

el
D

#:
19

2

E
x
h
ib

it
A

-3
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

U
.S

.
P

at
en

t
N

o.
11

,1
21

,2
22

A
cc

us
ed

P
ro

du
ct

s

15
.

T
he

V
L

SI
se

m
ic

on
du

ct
or

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

E
xh

ib
it

A
-2

,
C

la
im

IS
.

de
vi

ce
of

cl
ai

m
I,

w
he

re
in

th
e

de
vi

ce
is

a
co

m
pl

em
en

ta
ry

m
et

al
ox

id
e

se
m

ic
on

du
ct

or
(C

M
O

S
)

w
ith

a
no

ne
pi

ta
xi

al
su

bs
tr

at
e.

16
.

T
he

V
L

SI
se

m
ic

on
du

ct
or

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
E

xh
ib

it
A

-2
.

C
la

im
16

.

de
vi

ce
of

cl
ai

m
1.

w
he

re
in

th
e

de
vi

ce
is

a
fl

as
h

m
em

or
y.

.
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
U

po
n

in
fo

rm
at

io
n

an
d

be
lie

f,
th

e
se

m
ic

on
du

ct
or

de
vi

ce
co

m
pr

is
es

di
gi

ta
l

lo
gi

c
an

d
ca

pa
ci

to
rs

.

17
.

T
he

V
L

SI
se

m
ic

on
du

ct
or

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
5c

c
ab

ov
e

at
C

la
im

1,
E

le
m

en
t

6
(d

is
cu

ss
io

n
re

ga
rd

in
g

di
gi

ta
l

lo
gi

c)
.

D
et

ai
ls

re
ga

rd
in

g
di

gi
ta

l
lo

gi
c

an
d

ca
pa

ci
to

rs
in

th
e

M
PS

A
cc

us
ed

P
ro

du
ct

s
de

vi
ce

of
cl

ai
m

I,
w

he
re

in
th

e
.

.
.

.
.

.
ar

e
in

th
e

po
ss

es
si

on
o

f
th

e
D

ef
en

da
nt

an
d

ar
e

ex
pe

ct
ed

to
be

ob
ta

in
ed

th
ro

ug
h

di
sc

ov
er

y.
de

vi
ce

co
m

pr
is

es
di

gi
ta

l
lo

gi
c

an
d

ca
pa

ci
to

rs
.

20
.

T
he

V
L

SI
se

m
ic

on
du

ct
or

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

A
s

sh
ow

n
by

SE
M

im
ag

in
g

(s
ee

E
xh

ib
it

A
-I

,
C

la
im

I.
E

le
m

en
ts

1-
3)

.
ea

ch
o

ft
h

e
fi

rs
t

an
d

de
vi

ce
of

cl
ai

m
I,

w
he

re
in

ea
ch

se
co

nd
ac

ti
ve

re
gi

on
s

ar
e

in
th

e
la

te
ra

l
or

ve
rt

ic
al

di
re

ct
io

n.

of
th

e
fi

rs
t

an
d

se
co

nd
ac

ti
ve

re
gi

on
s

ar
e

in
th

e
la

te
ra

l
or

ve
rt

ic
al

di
re

ct
io

n.

.
T

o
th

e
ex

te
nt

th
e

pr
ea

m
bl

e
is

a
li

m
it

at
io

n,
th

e
M

PS
A

cc
us

ed
P

ro
du

ct
s

in
cl

ud
e

a
se

m
ic

on
du

ct
or

de
vi

ce
.

Se
e

ab
ov

e
at

C
la

im
I,

P
re

am
bl

e.
IC

la
im

21
,

P
re

am
bl

el
A

V
L

SI
se

m
ic

on
du

ct
or

de
vi

ce
,

co
m

pr
is

in
g:

•
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n
.5

c
c

ab
ov

e
at

C
la

im
I,

E
le

m
en

t
I.

IC
la

im
21

,
E

le
m

en
t

1J
a

su
bs

tr
at

e
o

f
a

fi
rs

t
do

pi
ng

ty
pe

at
a

fi
rs

t
do

pi
ng

le
ve

l
ha

vi
ng

a
su

rf
ac

e

.
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n
Se

e
E

xh
ib

it
A

-I
,

C
la

im
9,

E
le

m
en

t
2.

IC
la

im
21

,
E

le
m

en
t

21
a

fi
rs

t
ac

ti
ve

re
gi

on
di

sp
os

ed
ad

ja
ce

nt
th

e
su

rf
ac

e
o

f
th

e
su

bs
tr

at
e

w
ith

a
se

co
nd

do
pi

ng
ty

pe
op

po
si

te
in

co
nd

uc
ti

vi
ty

to
th

e
fi

rs
t

do
pi

ng
ty

pe
an

d
w

ith
in

w
hi

ch
tr

an
si

st
or

s
ca

n
be

fo
rm

ed
in

th
e

su
rf

ac
e

th
er

eo
f;

•
T

he
M

P5
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n
Se

e
E

xh
ib

it
A

-I
,

C
la

im
9.

E
le

m
en

t
3.

IC
la

im
21

,
E

le
m

en
t

31
a

se
co

nd
ac

ti
ve

re
gi

on
se

pa
ra

te
fr

om
th

e
Pa

ge
4

Greenthread Ex. 2026, p. 192 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

54
of

12
1

P
ag

el
D

#:
19

3
E

x
h
ib

it
A

-3
to

C
re

en
th

re
ad

’s
C

o
m

p
la

in
t

U
.S

.
P

at
en

t
N

o.
11

,1
21

,2
22

A
cc

us
ed

P
ro

du
ct

s

fi
rs

t
ac

tiv
e

re
gi

on
di

sp
os

ed
ad

ja
ce

nt
to

th
e

fi
rs

t
ac

tiv
e

re
gi

on
an

d
w

ith
in

w
hi

ch
tr

an
si

st
or

s
ca

n
be

fo
rm

ed
in

th
e

su
rf

ac
e

th
er

eo
f

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
E

xh
ib

it
A

-I
,

C
la

im
1,

E
le

m
en

t
4.

IC
la

im
21

,
E

le
m

en
t

41
tr

an
si

st
or

s
fo

rm
ed

in
at

le
as

t
on

e
of

th
e

fi
rs

t
ac

tiv
e

re
gi

on
or

se
co

nd
ac

tiv
e

re
gi

on
:

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
ab

ov
e

at
C

la
im

1,
E

le
m

en
t

5.
Se

e
al

so
SC

M
/s

M
lM

an
al

ys
is

re
pr

od
uc

ed
at

E
xh

ib
it

A
-I

,
IC

la
im

21
,

E
le

m
en

t
51

at
le

as
t

a
C

la
im

1,
E

le
m

en
t

5
el

ec
tr

ic
al

ly
ch

ar
ac

te
ri

zi
ng

th
e

ac
cu

se
d

pr
od

uc
t

an
d

sh
ow

in
g

ca
rr

ie
r

m
ov

em
en

t
an

d
el

ec
tr

ic
fi

el
ds

.
SC

M
/s

M
lM

an
al

ys
is

po
rt

io
n

of
at

le
as

t
on

e
of

th
e

fi
rs

t
ge

ne
ra

lly
is

di
sc

us
se

d
at

E
xh

ib
it

A
-I

,
C

la
im

1,
E

le
m

en
t

5.
an

d
se

co
nd

ac
tiv

e
re

gi
on

s
ha

vi
ng

at
le

as
t

on
e

gr
ad

ed
do

pa
nt

co
nc

en
tr

at
io

n
to

ai
d

ca
rr

ie
r

m
ov

em
en

t
fr

om
th

e
su

rf
ac

e
to

an
ar

ea
of

th
e

su
bs

tr
at

e
w

he
re

th
er

e
ar

e
no

ac
tiv

e
re

gi
on

s;
an

d

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
E

xh
ib

it
A

-2
,

C
la

im
I,

E
le

m
en

t
6.

A
s

sh
ow

n
by

SC
M

!s
M

IM
an

al
ys

is
(s

ee
E

xh
ib

it
A

-I
,

IC
la

im
21

,
E

le
m

en
t

61
at

le
as

t
C

la
im

I,
E

le
m

en
t

I)
,

th
e

gr
ad

ed
do

pa
nt

co
nc

en
tr

at
io

n
is

lin
ea

r,
qu

as
ili

ne
ar

,
er

ro
r

fu
nc

tio
n,

co
m

pl
em

en
ta

ry
er

ro
r

fu
nc

tio
n,

or
an

y
co

m
bi

na
tio

n
on

e
w

el
l

re
gi

on
ad

ja
ce

nt
to

th
e

th
er

eo
f.

Fo
r

ex
am

pl
e,

th
e

qu
as

il
in

ea
r

na
tu

re
of

th
e

co
nc

en
tr

at
io

n
is

sh
ow

n
in

th
e

SC
M

/s
M

IM
gr

ap
h

di
sc

us
se

d
at

E
xh

ib
it

A
-I

,
C

la
im

I,
E

le
m

en
t

fi
rs

t
or

se
co

nd
ac

tiv
e

re
gi

on
5.

Se
e

al
so

SC
M

Js
M

IM
an

al
ys

is
re

pr
od

uc
ed

at
E

xh
ib

it
A

-I
,

C
la

im
I,

E
le

m
en

t
5

el
ec

tr
ic

al
ly

ch
ar

ac
te

ri
zi

ng
th

e
ac

cu
se

d
pr

od
uc

t
an

d
sh

ow
in

g
co

nt
ai

ni
ng

at
le

as
t

on
e

gr
ad

ed
ca

rr
ie

r
m

ov
em

en
t

an
d

el
ec

tr
ic

fi
el

ds
.

SC
M

/s
M

lM
an

al
ys

is
ge

ne
ra

lly
is

di
sc

us
se

d
at

E
xh

ib
it

A
-I

,
C

la
im

I,
E

le
m

en
t

5.
do

pa
nt

re
gi

on
,

th
e

gr
ad

ed
do

pa
nt

re
gi

on
to

ai
d

ca
rr

ie
r

m
ov

em
en

t
fr

om
th

e
su

rf
ac

e
to

th
e

ar
ea

of
th

e
su

bs
tr

at
e

w
he

re
th

er
e

ar
e

no
ac

tiv
e

re
gi

on
s,

an
d

w
he

re
in

th
e

gr
ad

ed
do

pa
nt

co
nc

en
tr

at
io

n
is

lin
ea

r,
qu

as
ili

ne
ar

,
er

ro
r

fu
nc

tio
n,

co
m

pl
em

en
ta

ry
er

ro
r

fu
nc

tio
n.

or
an

y
co

m
bi

na
tio

n
th

er
eo

f.

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
E

xh
ib

it
A

-I
,

C
la

im
4.

24
.

T
he

V
L

SI
se

m
ic

on
du

ct
or

de
vi

ce
of

cl
ai

m
21

,
w

he
re

in
th

e
su

bs
tr

at
e

ha
s

ep
ita

xi
al

si
lic

on
on

to
p

o
f

a
no

ne
pi

ta
xi

al
su

bs
tr

at
e.

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
E

xh
ib

it
A

-I
,

C
la

im
5.

25
.

T
he

V
L

SI
se

m
ic

on
du

ct
or

de
vi

ce
of

cl
ai

m
21

,
w

he
re

in
th

e

Pa
ge

5

Greenthread Ex. 2026, p. 193 of 260 
MPS v. Greenthread 

IPR2024-00550



cD
C,

U

(N

4-

C
Lf)
L()

C)

_

U

cY,

(N
— C
(ç.)
(N

C ‘-

LL

C

r

‘C

JJ

Greenthread Ex. 2026, p. 194 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

F
e
d

05
/2

6/
23

P
ag

e
56

of
12

1
P

ag
el

D
#:

19
5

E
x
h
ib

it
A

-3
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

U
.S

.
P

at
en

t
N

o.
11

,1
21

,2
22

A
cc

us
ed

P
ro

du
ct

s

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

E
xh

ib
it

A
-2

.
C

la
im

16
.

34
.

T
he

V
L

SI
se

m
ic

on
du

ct
or

de
vi

ce
o
f

cl
ai

m
21

.
w

he
re

in
th

e
de

vi
ce

is
a

fl
as

h
m

em
or

y.

T
o

th
e

ex
te

nt
th

e
pr

ea
m

bl
e

is
a

li
m

it
at

io
n,

th
e

M
PS

A
cc

us
ed

P
ro

du
ct

s
in

cl
ud

e
a

se
m

ic
on

du
ct

or
de

vi
ce

.
Se

e
E

xh
ib

it
A

-I
,

C
la

im
I,

P
re

am
bl

e.
IC

la
im

39
,

P
re

am
bl

el
A

se
m

ic
on

du
ct

or
de

vi
ce

,
co

m
pr

is
in

g:

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n

.S
ee

E
xh

ib
it

A
-I

.
C

la
im

I,
E

le
m

en
t

1.
jC

la
im

39
,

E
le

m
en

t
II

a
su

bs
tr

at
e

o
f

a
fi

rs
t

do
pi

ng
ty

pe
at

a
fi

rs
t

do
pi

ng
le

ve
l:

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

E
xh

ib
it

A
-I

,
C

la
im

I,
E

le
m

en
t

2.
IC

la
im

39
,

E
le

m
en

t
21

a
fi

rs
t

ac
ti

ve
re

gi
on

di
sp

os
ed

ad
ja

ce
nt

to
a

su
rf

ac
e

o
f

th
e

su
bs

tr
at

e
w

ith
a

se
co

nd
do

pi
ng

ty
pe

op
po

si
te

in
co

nd
uc

ti
vi

ty
to

th
e

fi
rs

t
do

pi
ng

ty
pe

an
d

w
it

hi
n

w
hi

ch
tr

an
si

st
or

s
ca

n
be

fo
rm

ed
;

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

(i
m

ita
tio

n.
Se

e
E

xh
ib

it
A

-I
.

C
la

im
I,

E
le

m
en

t
3.

IC
la

im
39

,
E

le
m

en
t

31
a

se
co

nd
ac

ti
ve

re
gi

on
se

pa
ra

te
fr

om
th

e
fi

rs
t

ac
ti

ve
re

gi
on

di
sp

os
ed

ad
ja

ce
nt

to
th

e
fi

rs
t

ac
ti

ve
re

gi
on

an
d

w
it

hi
n

w
hi

ch
tr

an
si

st
or

s
ca

n
be

fo
rm

ed
;

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

E
xh

ib
it

A
-I

.
C

la
im

1,
E

le
m

en
t

4.
C

Ia
im

39
,

E
le

m
en

t
41

tr
an

si
st

or
s

fo
rm

ed
in

at
(e

as
t

on
e

of
th

e
fi

rs
t

ac
ti

ve
re

gi
on

or
se

co
nd

ac
ti

ve
re

gi
on

;
an

d

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

E
xh

ib
it

A
-I

,
C

la
im

1,
E

le
m

en
t

5;
se

e
ab

ov
e

at
C

la
im

21
,

E
le

m
en

tS
.

Se
e

al
so

S
C

M
/s

M
IM

IC
la

im
39

,
E

le
m

en
t

51
at

le
as

t
a

an
al

ys
is

re
pr

od
uc

ed
at

E
xh

ib
it

A
-I

,
C

la
im

I,
E

le
m

en
t

5
el

ec
tr

ic
al

ly
ch

ar
ac

te
ri

zi
ng

th
e

ac
cu

se
d

pr
od

uc
t

an
d

sh
ow

in
g

ca
rr

ie
r

m
ov

em
en

t
an

d
el

ec
tr

ic
po

rt
io

n
o

fa
t

le
as

t
on

e
o
f

th
e

fi
rs

t
fi

el
ds

.
S

C
M

/s
M

lM
an

al
ys

is
ge

ne
ra

ll
y

is
di

sc
us

se
d

at
E

xh
ib

it
A

-I
,

C
la

im
I,

E
le

m
en

tS
.

an
d

se
co

nd
ac

ti
ve

re
gi

on
s

ha
vi

ng
at

le
as

t
on

e
gr

ad
ed

do
pa

nt
co

nc
en

tr
at

io
n

to
ai

d
ca

rr
ie

r
m

ov
em

en
t

fr
om

th
e

fi
rs

t
or

se
co

nd
ac

ti
ve

re
gi

on
to

at
le

as
t

Pa
ge

7

Greenthread Ex. 2026, p. 195 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
P

il
ed

05
/2

6/
23

P
ag

e
57

of
12

1
P

ag
el

D
#:

19
6

E
x
h
ib

it
A

-3
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

U
.S

.
P

at
en

t
N

o.
11

,1
21

,2
22

A
cc

us
ed

P
ro

du
ct

s

on
e

su
bs

tr
at

e
ar

ea
w

he
re

th
er

e
is

no
ac

ti
ve

re
gi

on
.

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

E
xh

ib
it

A
-2

,
C

la
im

1,
E

le
m

en
t

6.
Se

e
ah

co
S

C
M

/s
M

IM
an

al
ys

is
re

pr
od

uc
ed

at
E

xh
ib

it
A

-

40
.

T
he

se
m

ic
on

du
ct

or
de

vi
ce

o
f

I,
C

la
im

I,
E

le
m

en
t

5
el

ec
tr

ic
al

ly
ch

ar
ac

te
ri

zi
ng

th
e

ac
cu

se
d

pr
od

uc
t

an
d

sh
ow

in
g

ca
rr

ie
r

m
ov

em
en

t
an

d
el

ec
tr

ic
fi

el
ds

.
S

C
M

/s
M

IM
an

al
ys

is

cl
ai

m
39

fu
rt

he
r

co
m

pr
is

in
g

at
ge

ne
ra

ll
y

is
di

sc
us

se
d

at
E

xh
ib

it
A

-I
.

C
la

im
I.

E
le

m
en

t
5.

le
as

t
on

e
w

el
l

re
gi

on
ad

ja
ce

nt
to

th
e

fi
rs

t
or

se
co

nd
ac

ti
ve

re
gi

on

an
d

co
nt

ai
ni

ng
at

le
as

t
on

e
gr

ad
ed

do
pa

nt
re

gi
on

,
th

e
gr

ad
ed

do
pa

nt
re

gi
on

to
ai

d
ca

rr
ie

r

m
ov

em
en

t
fr

om
an

y
re

gi
on

in
th

e
w

el
l

to
th

e
su

bs
tr

at
e

ar
ea

w
he

re
th

er
e

is
no

w
el

l.

T
o

th
e

ex
te

nt
th

e
pr

ea
m

bl
e

is
a

li
m

it
at

io
n,

th
e

M
PS

A
cc

us
ed

Pr
od

uc
ts

in
cl

ud
e

a
se

m
ic

on
du

ct
or

de
vi

ce
.

Se
e

ab
ov

e
at

C
la

im
39

.
P

re
am

bl
e.

C
Ia

im
41

,
P

re
am

bl
ej

A
se

m
ic

on
du

ct
or

de
vi

ce
.

co
m

pr
is

in
g:

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

E
xh

ib
it

A
-I

,
C

la
im

1,
E

le
m

en
t

I.

IC
la

im
41

,
E

le
m

en
t

II
a

su
bs

tr
at

e
of

a
fi

rs
t

do
pi

ng
ty

pe
at

a
fi

rs
t

do
pi

ng
le

ve
l;

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

ab
ov

e
at

C
la

im
39

.
E

le
m

en
t

2.

IC
la

im
41

,
E

le
m

en
t

21
a

fi
rs

t

ac
ti

ve
re

gi
on

di
sp

os
ed

ad
ja

ce
nt

to
a

su
rf

ac
e

o
f

th
e

su
bs

tr
at

e
w

ith

a
se

co
nd

do
pi

ng
ty

pe
op

po
si

te
in

co
nd

uc
ti

vi
ty

to
th

e
fi

rs
t

do
pi

ng

ty
pe

an
d

w
it

hi
n

w
hi

ch
tr

an
si

st
or

s

ca
n

be
fo

rm
ed

;

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

ab
ov

e
at

C
la

im
39

,
E

le
m

en
t

3.

IC
la

im
41

,
E

le
m

en
t

31
a

se
co

nd
ac

ti
ve

re
gi

on
se

pa
ra

te

fr
om

th
e

fi
rs

t
ac

ti
ve

re
gi

on
di

sp
os

ed
ad

ja
ce

nt
to

th
e

fi
rs

t

ac
ti

ve
re

gi
on

an
d

w
it

hi
n

w
hi

ch

tr
an

si
st

or
s

ca
n

be
fo

rm
ed

;

T
he

v1
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

E
xh

ib
it

A
-I

,
C

la
im

I,
E

le
m

en
t

4.

IC
la

im
41

,
E

le
m

en
t
4

tr
an

si
st

or
s

fo
rm

ed
in

at
le

as
t

on
e

of
th

e
fi

rs
t

ac
ti

ve
re

gi
on

or
se

co
nd

ac
ti

ve
re

gi
on

;
an

d
Pa

ge
8

Greenthread Ex. 2026, p. 196 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

58
of

12
1

P
ag

el
D

#:
19

7
E

x
h
ib

it
A

-3
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

U
.S

.
P

at
en

t
N

o.
11

,1
21

,2
22

A
cc

us
ed

P
ro

du
ct

s
T

he
M

PS
A

cc
us

ed
Pr

od
uc

ts
m

ee
t

th
is

lim
ita

tio
n.

Se
e

ab
ov

e
at

C
la

im
I,

E
le

m
en

t
5.

Se
e

al
so

SC
M

!s
M

lM
an

al
ys

is
re

pr
od

uc
ed

at
E

xh
ib

it
A

-I
,

IC
la

im
41

,
E

le
m

en
t

51
at

le
as

t
a

C
la

im
I,

E
le

m
en

t
5

el
ec

tr
ic

al
ly

ch
ar

ac
te

ri
zi

ng
th

e
ac

cu
se

d
pr

od
uc

t
an

d
sh

ow
in

g
ca

rr
ie

r
m

ov
em

en
t

an
d

el
ec

tr
ic

fi
el

ds
.

SC
M

/s
M

lM
an

al
ys

is
po

rt
io

n
of

at
le

as
t

on
e

o
f

th
e

fi
rs

t
ge

ne
ra

lly
is

di
sc

us
se

d
at

E
xh

ib
it

A
-I

,
C

la
im

I,
E

le
m

en
t

5.
an

d
se

co
nd

ac
tiv

e
re

gi
on

s
ha

vi
ng

at
le

as
t

on
e

gr
ad

ed
do

pa
nt

ac
ce

pt
or

co
nc

en
tr

at
io

n
to

ai
d

ca
rr

ie
r

m
ov

em
en

t
fr

om
th

e
fi

rs
t

or
se

co
nd

ac
tiv

e
re

gi
on

to
at

le
as

t
on

e
su

bs
tr

at
e

ar
ea

w
he

re
th

er
e

is
no

ac
tiv

e
re

gi
on

.

T
o

th
e

ex
te

nt
th

e
pr

ea
m

bl
e

is
a

lim
ita

tio
n,

th
e

M
PS

A
cc

us
ed

Pr
od

uc
ts

in
cl

ud
e

a
se

m
ic

on
du

ct
or

de
vi

ce
.

Se
e

ab
ov

e
at

C
la

im
39

,
Pr

ea
m

bl
e.

IC
la

im
42

,
Pr

ea
m

bl
el

A
se

m
ic

on
du

ct
or

de
vi

ce
,

co
m

pr
is

in
g:

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
E

xh
ib

it
A

-I
,

C
la

im
I,

E
le

m
en

t
I.

IC
la

im
42

,
E

le
m

en
t

II
a

su
bs

tr
at

e
o
fa

fi
rs

t
do

pi
ng

ty
pe

at
a

fi
rs

t
do

pi
ng

le
ve

l:

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
ab

ov
e

at
C

la
im

39
,

E
le

m
en

t
2.

IC
la

im
42

,
E

le
m

en
t

21
a

fi
rs

t
ac

tiv
e

re
gi

on
di

sp
os

ed
ad

ja
ce

nt
to

a
su

rf
ac

e
of

th
e

su
bs

tr
at

e
w

ith
a

se
co

nd
do

pi
ng

ty
pe

op
po

si
te

in
co

nd
uc

ti
vi

ty
to

th
e

fi
rs

t
do

pi
ng

ty
pe

an
d

w
ith

in
w

hi
ch

tr
an

si
st

or
s

ca
n

be
fo

rm
ed

;

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
ab

ov
e

at
C

la
im

39
,

E
le

m
en

t
3.

IC
la

im
42

,
E

le
m

en
t 3

1
a

se
co

nd
ac

tiv
e

re
gi

on
se

pa
ra

te
fr

om
th

e
fi

rs
t

ac
tiv

e
re

gi
on

di
sp

os
ed

ad
ja

ce
nt

to
th

e
fi

rs
t

ac
tiv

e
re

gi
on

an
d

w
ith

in
w

hi
ch

tr
an

si
st

or
s

ca
n

be
fo

rm
ed

;

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
E

xh
ib

it
A

-I
,C

la
im

1,
E

le
m

en
t 4

.
IC

la
im

42
,

E
le

m
en

t 4
1

tr
an

si
st

or
s

fo
rm

ed
in

at
le

as
t

on
e

of
th

e
fi

rs
t

ac
tiv

e
re

gi
on

or
se

co
nd

ac
tiv

e
re

gi
on

;
an

d

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
SC

M
/s

M
lM

an
al

ys
is

(s
ee

E
xh

ib
it

A
-I

.
C

la
im

I,
E

le
m

en
t

5)
re

ve
al

s
at

le
as

t
on

e
gr

ad
ed

do
pa

nt
(C

la
im

42
,

E
le

m
en

t
51

at
le

as
t

a
po

rt
io

n
o
fa

t
le

as
t

on
e

of
th

e
fi

rs
t

ac
ce

pt
or

co
nc

en
tr

at
io

n
(e

.g
.,

co
nc

en
tr

at
io

n
in

n-
w

el
l)

as
cl

ai
m

ed
.

Se
e

al
so

SC
M

/s
M

IM
an

al
ys

is
re

pr
od

uc
ed

at
E

xh
ib

it
A

-I
,

C
la

im
I,

E
le

m
en

t
5

an
d

se
co

nd
ac

tiv
e

re
gi

on
s

ha
vi

ng

P
a
c

9

Greenthread Ex. 2026, p. 197 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
F

il
ed

0
5
/2

6
/2

3
P

ag
e

59
of

12
1

P
ag

el
D

#:
19

8

E
x
h
ib

it
A

-3
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

U
.S

.
P

at
en

t
N

o.
11

,1
21

,2
22

A
cc

us
ed

P
ro

d
u
ct

s

at
le

as
t

on
e

gr
ad

ed
do

no
r

do
pa

nt
el

ec
tr

ic
al

ly
ch

ar
ac

te
ri

zi
ng

th
e

ac
cu

se
d

pr
od

uc
t

an
d

sh
ow

in
g

ca
rr

ie
r

m
ov

em
en

t
an

d
el

ec
tr

ic
fi

el
ds

.
S

C
M

/s
M

IM
an

al
ys

is
ge

ne
ra

ll
y

is
di

sc
us

se
d

at

co
nc

en
tr

at
io

n
to

ai
d

ca
rr

ie
r

E
xh

ib
it

A
-I

,
C

la
im

1,
E

le
m

en
t

5.

m
ov

em
en

t
fr

om
th

e
fi

rs
t

or

se
co

nd
ac

ti
ve

re
gi

on
to

at
le

as
t

on
e

su
bs

tr
at

e
ar

ea
w

he
re

th
er

e
is

no
ac

ti
ve

re
gi

on
.

.

T
o

th
e

ex
te

nt
th

e
pr

ea
m

bl
e

is
a

li
m

it
at

io
n,

th
e

M
PS

A
cc

us
ed

P
ro

du
ct

s
in

cl
ud

e
a

C
M

O
S

S
em

ic
on

du
ct

or
de

vi
ce

.
Se

e
E

xh
ib

it
A

-I
,

C
la

im
I,

(C
la

im
44

,
P

re
am

bl
e)

A
.

.
P

re
am

bl
e;

E
xh

ib
it

A
-I

,
C

la
im

18
.

C
M

O
S

S
em

ic
on

du
ct

or
de

vi
ce

co
m

pr
is

in
g:

.
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
ab

ov
e

at
C

la
im

21
,

E
le

m
en

t
1.

(C
la

im
44

,
E

le
m

en
t

1(
:

a

su
rf

ac
e

la
ye

r;

.
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
ab

ov
e

at
C

la
im

44
.

E
le

m
en

t
I.

(C
la

im
44

,
E

le
m

en
t

21
a

su
bs

tr
at

e;

.
.

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

E
xh

ib
it

A
-I

,
C

la
im

I,
E

le
m

en
t

2
(d

is
cu

ss
io

n
of

ac
ti

ve
re

gi
on

);
E

xh
ib

it
A

-I
,

C
la

im
18

(C
la

im
44

,
E

le
m

en
t

3(
an

ac
ti

ve
.

.
.

(d
is

cu
ss

io
n

of
so

ur
ce

an
d

dr
ai

n)
.

re
gi

on
in

cl
ud

in
g

a
so

ur
ce

an
d

a

dr
ai

n,
di

sp
os

ed
on

on
e

su
rf

ac
e

of

th
e

su
rf

ac
e

la
ye

r;

.
.

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

ab
ov

e
at

C
la

im
21

,
E

le
m

en
t

5.

IC
la

im
44

,
E

le
m

en
t

4(
a

si
ng

le

dr
if

t
la

ye
r

di
sp

os
ed

be
tw

ee
n

th
e

U
po

n
in

fo
rm

at
io

n
an

d
be

li
ef

th
e

dr
if

t
la

ye
r

ha
s

a
fi

rs
t

st
at

ic
un

id
ir

ec
ti

on
al

el
ec

tr
ic

dr
if

t
fi

el
d

to
ai

d
th

e
m

ov
em

en
t

of
ca

rr
ie

rs
fr

om
th

e
su

rf
ac

e

ot
he

r
su

rf
ac

e
of

th
e

su
rf

ac
e

la
ye

r
la

ye
r

to
an

ar
ea

o
f

th
e

su
bs

tr
at

e
w

he
re

th
er

e
ar

e
no

ac
ti

ve
re

gi
on

s
as

cl
ai

m
ed

,
as

a
re

su
lt

o
f

th
e

ab
ov

e-
di

sc
us

se
d

gr
ad

ed
co

nc
en

tr
at

io
n

o
f

an
d

th
e

su
bs

tr
at

e,
th

e
dr

if
t

la
ye

r
do

pa
nt

s.
D

et
ai

ls
re

ga
rd

in
g

el
ec

tr
ic

fi
el

d
ch

ar
ac

te
ri

st
ic

s
ar

e
in

th
e

po
ss

es
si

on
o
f

th
e

D
ef

en
da

nt
an

d
ar

e
ex

pe
ct

ed
to

be
ob

ta
in

ed
th

ro
ug

h

ha
vi

ng
a

gr
ad

ed
co

nc
en

tr
at

io
n

of
di

sc
ov

er
y.

Se
e

al
so

S
C

M
/s

M
IM

an
al

ys
is

re
pr

od
uc

ed
at

E
xh

ib
it

A
-I

,
C

la
im

I,
E

le
m

en
t

5
el

ec
tr

ic
al

ly
ch

ar
ac

te
ri

zi
ng

th
e

ac
cu

se
d

pr
od

uc
t

an
d

do
pa

nt
s

ex
te

nd
in

g
be

tw
ee

n
th

e
sh

ow
in

g
ca

rr
ie

r
m

ov
em

en
t

an
d

el
ec

tr
ic

fi
el

ds
.

S
C

M
/s

M
lM

an
al

ys
is

ge
ne

ra
ll

y
is

di
sc

us
se

d
at

E
xh

ib
it

A
-I

,
C

la
im

I,
E

le
m

en
t

5.

su
rf

ac
e

la
ye

r
an

d
th

e
su

bs
tr

at
e,

th
e

dr
if

t
la

ye
r

fu
rt

he
r

ha
vi

ng
a

fi
rs

t
st

at
ic

un
id

ir
ec

ti
on

al
el

ec
tr

ic

dr
if

t
fi

el
d

to
ai

d
th

e
m

ov
em

en
t

o
f

ca
rr

ie
rs

fr
om

th
e

su
rf

ac
e

la
ye

r

to
an

ar
ea

o
f

th
e

su
bs

tr
at

e
w

he
re

th
er

e
ar

e
no

ac
ti

ve
re

gi
on

s;
an

d

Pa
ge

0

Greenthread Ex. 2026, p. 198 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

60
of

12
1

P
ag

el
D

#:
19

9
E

x
h
ib

it
A

-3
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

U
.S

.
P

at
en

t
N

o.
11

,1
21

,2
22

A
cc

us
ed

P
ro

du
ct

s
.

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

tt
hi

s
lim

ita
tio

n.
Se

e
ab

ov
e

at
C

la
im

21
,

E
le

m
en

t
6.

T
he

w
el

l
re

gi
on

(d
is

cu
ss

ed
ab

ov
e

fo
r

C
la

im
21

,
E

le
m

en
t

6)
IC

la
im

44
,

E
le

m
en

t
Sj

at
le

as
t

.
.

.
ha

s
a

gr
ad

ed
co

nc
en

tr
at

io
n

of
do

pa
nt

s.
on

e
w

el
l

re
gi

on
di

sp
os

ed
in

th
e

si
ng

le
dr

if
t

la
ye

r,
th

e
w

el
l

re
gi

on
U

po
n

in
fo

rm
at

io
n

an
d

be
lie

f,
th

e
w

el
l

re
gi

on
is

di
sp

os
ed

in
th

e
si

ng
le

dr
if

t
la

ye
r,

an
d

it
ha

s
a

se
co

nd
st

at
ic

un
id

ir
ec

tio
na

l
el

ec
tr

ic
dr

if
t

fi
el

d
to

ai
d

ha
vi

ng
a

gr
ad

ed
co

nc
en

tr
at

io
n

of
th

e
m

ov
em

en
t

o
f

ca
rr

ie
rs

fr
om

th
e

su
rf

ac
e

la
ye

r
to

th
e

ar
ea

of
th

e
su

bs
tr

at
e

w
he

re
th

er
e

ar
e

no
ac

tiv
e

re
gi

on
s

as
cl

ai
m

ed
,

as
a

re
su

lt
of

th
e

w
el

l
do

pa
nt

s
an

d
a

se
co

nd
st

at
ic

re
gi

on
’s

gr
ad

ed
co

nc
en

tr
at

io
n

of
do

pa
nt

s.
D

et
ai

ls
re

ga
rd

in
g

el
ec

tr
ic

fi
el

d
ch

ar
ac

te
ri

st
ic

s
ar

e
in

th
e

po
ss

es
si

on
of

th
e

D
ef

en
da

nt
an

d
ar

e
ex

pe
ct

ed
un

id
ir

ec
tio

na
l

el
ec

tr
ic

dr
if

t
fi

el
d

to
be

ob
ta

in
ed

th
ro

ug
h

di
sc

ov
er

y.
Se

e
al

so
SC

M
/s

M
IM

an
al

ys
is

re
pr

od
uc

ed
at

E
xh

ib
it

A
-I

,
C

la
im

I,
E

le
m

en
t

5
el

ec
tr

ic
al

ly
ch

ar
ac

te
ri

zi
ng

th
e

to
ai

d
th

e
m

ov
em

en
t

of
ca

rr
ie

rs
ac

cu
se

d
pr

od
uc

t
an

d
sh

ow
in

g
ca

rr
ie

r
m

ov
em

en
t

an
d

el
ec

tr
ic

fi
el

ds
.

SC
M

/s
M

JM
an

al
ys

is
ge

ne
ra

lly
is

di
sc

us
se

d
at

E
xh

ib
it

A
-I

,
C

la
im

I,
E

le
m

en
t

fr
om

th
e

su
rf

ac
e

la
ye

r
to

th
e

ar
ea

5.
of

th
e

su
bs

tr
at

e
w

he
re

th
er

e
ar

e
no

ac
tiv

e
re

gi
on

s.

Pa
ge

Greenthread Ex. 2026, p. 199 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
FU

ed
0
5
/2

6
/2

3
P

ag
e

61
of

12
1

P
ag

el
D

#:
20

0

E
x
h
ib

it
A

-4
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

U
.S

.
P

at
en

t
N

o.
8,

42
1,

19
5

A
cc

us
ed

P
ro

du
ct

s

IC
la

im
I,

P
re

am
bl

el
A

C
M

O
S

T
o

th
e

ex
te

nt
th

e
pr

ea
m

bl
e

is
a

li
m

it
at

io
n,

th
e

M
PS

A
cc

us
ed

P
ro

du
ct

s
in

cl
ud

e
a

C
M

O
S

se
m

ic
on

du
ct

or
de

vi
ce

.
T

he
M

PS
S

em
ic

on
du

ct
or

S
em

ic
on

du
ct

or
de

vi
ce

co
m

pr
is

in
g:

86
90

5
ln

te
ll

i-
P

ha
se

S
ol

ut
io

n
w

ith
in

te
gr

at
ed

H
S

/L
S

-F
E

T
s

an
d

D
ri

ve
r

(“
86

90
5”

)
di

sc
us

se
d

fo
r

cl
ai

m
I

o
f

E
xh

ib
it

A
-3

is
a

se
m

ic
on

du
ct

or

de
vi

ce
(s

ee
E

xh
ib

it
A

-I
,

C
la

im
I,

P
re

am
bl

e
an

d
E

xh
ib

it
A

-3
,

C
la

im
44

,
P

re
am

bl
e)

w
ith

tr
an

si
st

or
s,

an
d

is
a

C
M

O
S

se
m

ic
on

du
ct

or
de

vi
ce

up
on

in
fo

rm
at

io
n

an
d

be
lie

f.

T
hi

s
ch

ar
t

in
cl

ud
es

ex
em

pl
ar

y
in

fo
rm

at
io

n
re

ga
rd

in
g

a
re

pr
es

en
ta

ti
ve

ex
am

pl
e

of
th

e
M

PS
A

cc
us

ed
P

ro
du

ct
s,

th
e

M
PS

86
90

5.
T

he
M

PS

86
90

5
is

re
pr

es
en

ta
ti

ve
o
f

th
e

M
PS

A
cc

us
ed

P
ro

du
ct

s
fo

r
pu

rp
os

es
of

th
is

cl
ai

m
ch

ar
t

an
d

th
e

ot
he

r
in

fr
in

ge
m

en
t

co
nt

en
ti

on
cl

ai
m

ch
ar

ts

be
ca

us
e

up
on

in
fo

rm
at

io
n

an
d

be
lie

f,
th

e
ot

he
r

M
PS

A
cc

us
ed

P
ro

du
ct

s
w

ou
ld

ha
ve

si
m

il
ar

ly
be

en
ad

va
nt

ag
eo

us
ly

de
si

gn
ed

to
m

ov
e

ca
rr

ie
rs

(e
.g

.,
to

w
ar

ds
th

e
su

bs
tr

at
e)

an
d

ac
hi

ev
e

th
e

pe
rf

or
m

an
ce

en
ha

nc
em

en
ts

de
sc

ri
be

d
an

d
cl

ai
m

ed
in

th
e

‘1
95

pa
te

nt
(a

nd
th

e
ot

he
r

as
se

rt
ed

pa
te

nt
s)

.
Fo

r
ex

am
pl

e,
th

e
ot

he
r

M
PS

A
cc

us
ed

P
ro

du
ct

s
w

ou
ld

si
m

il
ar

ly
ha

ve
be

en
de

si
gn

ed
w

ith
a

do
pa

nt
gr

ad
ie

nt
in

or
de

r
to

im
pr

ov
e

pe
rf

or
m

an
ce

ch
ar

ac
te

ri
st

ic
s

su
ch

as
on

an
d

of
f

sw
it

ch
in

g
ti

m
es

an
d

ot
he

r
pe

rf
or

m
an

ce
en

ha
nc

em
en

ts
de

sc
ri

be
d

in
th

e
A

bs
tr

ac
t

o
f

th
e

‘1
95

pa
te

nt
(a

nd
th

e
ot

he
r

as
se

rt
ed

pa
te

nt
s)

.
S

im
il

ar
ly

,
th

e
ot

he
r

M
PS

A
cc

us
ed

P
ro

du
ct

s
(i

nc
lu

di
ng

M
PS

A
cc

us
ed

P
ro

du
ct

s)
w

ou
ld

ha
ve

be
en

de
si

gn
ed

in
a

si
m

il
ar

m
an

ne
r

as
th

e
M

PS
86

90
5

fo
r

pu
rp

os
es

o
f

th
is

cl
ai

m
ch

ar
t

be
ca

us
e

to
ac

hi
ev

e
su

ch
pe

rf
or

m
an

ce

en
ha

nc
em

en
ts

(e
.g

.,
on

an
d

of
f

sw
it

ch
in

g
ti

m
es

).
T

he
re

fo
re

,
up

on
in

fo
rm

at
io

n
an

d
be

li
ef

th
e

ot
he

r
M

PS
A

cc
us

ed
P

ro
du

ct
s

co
nt

ai
n

si
m

il
ar

fe
at

ur
es

as
th

e
M

PS
86

90
5

tr
an

si
st

or
s

de
pi

ct
ed

he
re

,
an

d
fu

nc
ti

on
in

a
si

m
il

ar
w

ay
w

ith
re

sp
ec

t
to

th
e

fe
at

ur
es

cl
ai

m
ed

in
th

e
as

se
rt

ed

cl
ai

m
s,

an
d

th
e

ot
he

r
M

PS
A

cc
us

ed
P

ro
du

ct
s

co
nt

ai
n

si
m

il
ar

fe
at

ur
es

as
th

e
M

PS
86

90
5.

an
d

fu
nc

ti
on

in
a

si
m

il
ar

w
ay

w
ith

re
sp

ec
t

to
th

e

fe
at

ur
es

cl
ai

m
ed

in
th

e
as

se
rt

ed
cl

ai
m

s.

T
hi

s
cl

ai
m

ch
ar

t
is

ba
se

d
on

pu
bl

ic
ly

av
ai

la
bl

e
in

fo
rm

at
io

n,
an

d
ad

di
ti

on
al

in
fo

rm
at

io
n

re
ga

rd
in

g
th

es
e

an
d

ot
he

r
ac

cu
se

d
pr

od
uc

ts
is

ex
pe

ct
ed

to
be

ob
ta

in
ed

th
ro

ug
h

di
sc

ov
er

y.

C
la

im
1,

E
le

m
en

t
I

a
su

rf
ac

e
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
E

xh
ib

it
A

-3
,

C
la

im
44

,
E

le
m

en
t

I.

la
ye

r:

IC
la

im
1,

E
le

m
en

t
21

a
su

bs
tr

at
e

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

E
xh

ib
it

A
-3

,
C

la
im

44
,

E
le

m
en

t
2.

IC
la

im
I,

E
le

m
en

t
31

an
ac

ti
ve

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

E
xh

ib
it

A
-3

,
C

la
im

44
,

E
le

m
en

t
3.

re
gi

on
in

cl
ud

in
g

a
so

ur
ce

an
d

a

dr
ai

n,
di

sp
os

ed
on

on
e

su
rf

ac
e

of

sa
id

su
rf

ac
e

la
ye

r

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

E
xh

ib
it

A
-3

,
C

la
im

44
,

E
le

m
en

t
4.

U
po

n
in

fo
rm

at
io

n
an

d
be

li
ef

th
e

dr
if

t
la

ye
r

(s
ee

IC
la

im
1,

E
le

m
en

t
41

a
si

ng
le

dr
if

t
E

xh
ib

it
A

-3
,

C
la

im
44

,
E

le
m

en
t

4)
ha

s
a

fi
rs

t
st

at
ic

un
id

ir
ec

ti
on

al
el

ec
tr

ic
dr

if
t

fi
el

d
to

ai
d

th
e

m
ov

em
en

t
o
f

m
in

or
it

y
ca

rr
ie

rs
fr

om
th

e

la
ye

r
di

sp
os

ed
be

tw
ee

n
th

e
ot

he
r

su
rf

ac
e

la
ye

r
to

th
e

su
bs

tr
at

e,
as

cl
ai

m
ed

.
D

et
ai

ls
re

ga
rd

in
g

el
ec

tr
ic

fi
el

d
ch

ar
ac

te
ri

st
ic

s
ar

e
in

th
e

po
ss

es
si

on
of

th
e

D
ef

en
da

nt
an

d
ar

e

su
rf

ac
e

o
f

sa
id

su
rf

ac
e

la
ye

r
an

d
ex

pe
ct

ed
to

be
ob

ta
in

ed
th

ro
ug

h
di

sc
ov

er
y.

Se
e

a/
so

S
C

M
/s

M
IM

an
al

ys
is

re
pr

od
uc

ed
at

E
xh

ib
it

A
-I

C
la

im
I

E
le

m
en

t
5

el
ec

tr
ic

al
ly

sa
id

su
bs

tr
at

e,
sa

id
dr

if
t

la
ye

r
ha

vi
ng

ch
ar

ac
te

ri
zi

ng
th

e
ac

cu
se

d
pr

od
uc

t
an

d
sh

ow
in

g
ca

rr
ie

r
m

ov
em

en
t

an
d

el
ec

tr
ic

fi
el

ds
.

S
C

M
/S

M
IM

an
al

ys
is

ge
ne

ra
ll

y
is

di
sc

us
se

d
at

a
gr

ad
ed

co
nc

en
tr

at
io

n
o
f

do
pa

nt
s

E
xh

ib
it

A
-I

,
C

la
im

I,
E

le
m

en
t

5.

ex
te

nd
in

g
be

tw
ee

n
sa

id
su

rf
ac

e

la
ye

r
an

d
sa

id
su

bs
tr

at
e,

sa
id

dr
if

t

la
ye

r
fu

rt
he

r
ha

vi
ng

a
fi

rs
t

st
at

ic

un
id

ir
ec

ti
on

al
el

ec
tr

ic
dr

if
t

fi
el

d
to

ai
d

th
e

m
ov

em
en

t
of

m
in

or
it

y

Pa
ge

1

Greenthread Ex. 2026, p. 200 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

62
of

12
1

P
ag

el
D

#:
20

1
E

x
h
ib

it
A

-4
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

U
.S

.
P

at
en

t
N

o.
8,

42
1,

19
5

A
cc

us
ed

P
ro

du
ct

s
ca

rr
ie

rs
fr

om
sa

id
su

rf
ac

e
la

ye
r

to
sa

id
su

bs
tr

at
e;

an
d

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

tt
hi

s
lim

ita
tio

n.
Se

e
E

xh
ib

it
A

-3
,

C
la

im
44

,
E

le
m

en
t

5.
U

po
n

in
fo

rm
at

io
n

an
d

be
lie

f,
th

e
w

el
l

re
gi

on
ha

s
IC

la
im

1,
E

le
m

en
t

51
at

le
as

t
on

e
a

se
co

nd
st

at
ic

un
id

ir
ec

tio
na

l
el

ec
tr

ic
dr

if
t f

ie
ld

to
ai

d
th

e
m

ov
em

en
t

of
m

in
or

ity
ca

rr
ie

rs
fr

om
th

e
su

rf
ac

e
la

ye
r

to
th

e
su

bs
tr

at
e,

as
cl

ai
m

ed
.

w
el

l
re

gi
on

di
sp

os
ed

in
sa

id
si

ng
le

D
et

ai
ls

re
ga

rd
in

g
el

ec
tr

ic
fi

el
d

ch
ar

ac
te

ri
st

ic
s

ar
e

in
th

e
po

ss
es

si
on

of
th

e
D

ef
en

da
nt

an
d

ar
e

ex
pe

ct
ed

to
be

ob
ta

in
ed

th
ro

ug
h

di
sc

ov
er

y.
dr

if
t

la
ye

r,
sa

id
w

el
l

re
gi

on
ha

vi
ng

a
Se

e
al

so
SC

M
!S

M
IM

an
al

ys
is

re
pr

od
uc

ed
at

E
xh

ib
it

A
-I

C
la

im
I

E
le

m
en

t
5

el
ec

tr
ic

al
ly

ch
ar

ac
te

ri
zi

ng
th

e
ac

cu
se

d
pr

od
uc

t
an

d
sh

ow
in

g
gr

ad
ed

co
nc

en
tr

at
io

n
of

do
pa

nt
s

an
d

ca
rr

ie
r

m
ov

em
en

t
an

d
el

ec
tr

ic
fi

el
ds

.
SC

M
/S

M
IM

an
al

ys
is

ge
ne

ra
lly

is
di

sc
us

se
d

at
E

xh
ib

it
A

-I
.

C
la

im
I,

E
le

m
en

t
5.

a
se

co
nd

st
at

ic
un

id
ir

ec
tio

na
l

el
ec

tr
ic

dr
if

t
fi

el
d

to
ai

d
th

e
m

ov
em

en
t

of
m

in
or

ity
ca

rr
ie

rs
fr

om
sa

id
su

rf
ac

e
la

ye
r

to
sa

id
su

bs
tr

at
e.

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
U

po
n

in
fo

rm
at

io
n

an
d

be
lie

f,
th

e
dr

if
t

la
ye

r
is

a
de

ep
ly

-i
m

pl
an

te
d

la
ye

r.
2.

T
he

C
M

O
S

S
em

ic
on

du
ct

or
de

vi
ce

of
cl

ai
m

1,
w

he
re

in
th

e
sa

id
dr

if
t

la
ye

r
is

a
de

ep
ly

-i
m

pl
an

te
d

la
ye

r.

3.
T

he
C

M
O

S
S

em
ic

on
du

ct
or

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
E

xh
ib

it
A

-I
,

C
la

im
4;

E
xh

ib
it

A
-3

,
C

la
im

44
,

E
le

m
en

t
4.

U
po

n
in

fo
rm

at
io

n
an

d
de

vi
ce

of
cl

ai
m

I,
w

he
re

in
sa

id
dr

if
t

be
lie

f,
th

e
dr

if
t

la
ye

r
is

gr
ow

n
ab

ov
e

th
e

su
bs

tr
at

e
an

d
is

an
ep

ita
xi

al
la

ye
r.

la
ye

r
is

an
ep

ita
xi

al
la

ye
r.

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
E

xh
ib

it
A

-I
,

C
la

im
I,

E
le

m
en

ts
1,

5.
5.

T
he

C
M

O
S

S
em

ic
on

du
ct

or
de

vi
ce

of
cl

ai
m

I,
w

he
re

in
sa

id
gr

ad
ed

co
nc

en
tr

at
io

n
fo

llo
w

s
a

qu
as

i-
li

ne
ar

gr
ad

ie
nt

.

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t t
hi

s
lim

ita
tio

n.
Se

e
E

xh
ib

it
A

-I
,

C
la

im
I,

E
le

m
en

ts
1,

5.
6.

T
he

C
M

O
S

S
em

ic
on

du
ct

or
de

vi
ce

of
cl

ai
m

I,
w

he
re

in
sa

id
gr

ad
ed

co
nc

en
tr

at
io

n
fo

llo
w

s
an

ex
po

ne
nt

ia
l

gr
ad

ie
nt

.

Pa
ge

2

Greenthread Ex. 2026, p. 201 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
F

il
ed

05
/2

6/
23

P
ag

e
63

of
12

1
P

ag
el

D
l:

20
2

E
x
h
ib

it
A

-5
to

G
re

e
n
th

re
a
d
’s

C
o
m

p
la

in
t

U
.S

.
P

at
en

t
N

o.
9,

19
0,

50
2

A
cc

us
ed

P
ro

d
u
ct

s

IC
la

im
7,

P
re

am
b
Ie

A
T

o
th

e
ex

te
nt

th
e

pr
ea

m
bl

e
is

a
lim

ita
tio

n,
th

e
M

PS
A

cc
us

ed
P

ro
du

ct
s

in
cl

ud
e

a
se

m
ic

on
du

ct
or

de
vi

ce
.

T
he

M
PS

S
em

ic
on

du
ct

or
86

90
5

se
m

ic
on

du
ct

or
de

vi
ce

co
m

pr
is

in
g:

In
te

ll
i-

P
ha

se
S

ol
ut

io
n

w
ith

in
te

gr
at

ed
H

S
/L

S
-F

E
T

s
an

d
D

ri
ve

r
(“

86
90

5”
)

di
sc

us
se

d
fo

r
cl

ai
m

I
o
f

E
xh

ib
it

A
-I

is
a

se
m

ic
on

du
ct

or
de

vi
ce

(s
ee

E
xh

ib
it

A
-I

,
C

la
im

I,
P

re
am

bl
e)

w
ith

tr
an

si
st

or
s,

an
d

is
a

se
m

ic
on

du
ct

or
de

vi
ce

up
on

in
fo

rm
at

io
n

an
d

be
lie

f.
D

et
ai

ls
re

ga
rd

in
g

tr
an

si
st

or
co

un
t

ar
e

in
th

e
po

ss
es

si
on

o
f

th
e

D
ef

en
da

nt
an

d
ar

e
ex

pe
ct

ed
to

be
ob

ta
in

ed
th

ro
ug

h
di

sc
ov

er
y.

T
hi

s
ch

ar
t

in
cl

ud
es

ex
em

pl
ar

y
in

fo
rm

at
io

n
re

ga
rd

in
g

a
re

pr
es

en
ta

ti
ve

ex
am

pl
e

of
th

e
M

PS
A

cc
us

ed
P

ro
du

ct
s,

th
e

M
PS

86
90

5.
T

he
M

PS

86
90

5
is

re
pr

es
en

ta
ti

ve
o
f

th
e

M
PS

A
cc

us
ed

P
ro

du
ct

s
fo

r
pu

rp
os

es
of

th
is

cl
ai

m
ch

ar
t

an
d

th
e

ot
he

r
in

fr
in

ge
m

en
t

co
nt

en
ti

on
cl

ai
m

ch
ar

ts

be
ca

us
e

up
on

in
fo

rm
at

io
n

an
d

be
li

ef
,

th
e

ot
he

r
M

PS
A

cc
us

ed
P

ro
du

ct
s

w
ou

ld
ha

ve
si

m
il

ar
ly

be
en

ad
va

nt
ag

eo
us

ly
de

si
gn

ed
to

m
ov

e

ca
rr

ie
rs

(e
.g

.,
to

w
ar

ds
th

e
su

bs
tr

at
e)

an
d

ac
hi

ev
e

th
e

pe
rf

or
m

an
ce

en
ha

nc
em

en
ts

de
sc

ri
be

d
an

d
cl

ai
m

ed
in

th
e

‘5
02

pa
te

nt
(a

nd
th

e
ot

he
r

as
se

rt
ed

pa
te

nt
s)

.
Fo

r
ex

am
pl

e,
th

e
ot

he
r

M
PS

A
cc

us
ed

P
ro

du
ct

s
w

ou
ld

si
m

il
ar

ly
ha

ve
be

en
de

si
gn

ed
w

ith
a

do
pa

nt
gr

ad
ie

nt
in

or
de

r
to

im
pr

ov
e

pe
rf

or
m

an
ce

ch
ar

ac
te

ri
st

ic
s

su
ch

as
on

an
d

of
f

sw
it

ch
in

g
ti

m
es

an
d

ot
he

r
pe

rf
or

m
an

ce
en

ha
nc

em
en

ts
de

sc
ri

be
d

in
th

e
A

bs
tr

ac
t

of
th

e
‘5

02
pa

te
nt

(a
nd

th
e

ot
he

r
as

se
rt

ed
pa

te
nt

s)
.

S
im

il
ar

ly
,

th
e

ot
he

r
M

PS
A

cc
us

ed
P

ro
du

ct
s

(i
nc

lu
di

ng
M

PS
A

cc
us

ed
P

ro
du

ct
s)

w
ou

ld

ha
ve

be
en

de
si

gn
ed

in
a

si
m

il
ar

m
an

ne
r

as
th

e
M

PS
86

90
5

fo
r

pu
rp

os
es

of
th

is
cl

ai
m

ch
ar

t
be

ca
us

e
to

ac
hi

ev
e

su
ch

pe
rf

or
m

an
ce

en
ha

nc
em

en
ts

(e
.g

.,
on

an
d

of
f

sw
it

ch
in

g
ti

m
es

).
T

he
re

fo
re

,
up

on
in

fo
rm

at
io

n
an

d
be

li
ef

th
e

ot
he

r
M

PS
A

cc
us

ed
P

ro
du

ct
s

co
nt

ai
n

si
m

il
ar

fe
at

ur
es

as
th

e
M

PS
86

90
5

tr
an

si
st

or
s

de
pi

ct
ed

he
re

,
an

d
fu

nc
ti

on
in

a
si

m
il

ar
w

ay
w

ith
re

sp
ec

t
to

th
e

fe
at

ur
es

cl
ai

m
ed

in
th

e
as

se
rt

ed

cl
ai

m
s,

an
d

th
e

ot
he

r
M

PS
A

cc
us

ed
P

ro
du

ct
s

co
nt

ai
n

si
m

il
ar

fe
at

ur
es

as
th

e
M

PS
86

90
5.

an
d

fu
nc

ti
on

in
a

si
m

il
ar

w
ay

w
ith

re
sp

ec
t

to
th

e

fe
at

ur
es

cl
ai

m
ed

in
th

e
as

se
rt

ed
cl

ai
m

s.

T
hi

s
cl

ai
m

ch
ar

t
is

ba
se

d
on

pu
bl

ic
ly

av
ai

la
bl

e
in

fo
rm

at
io

n,
an

d
ad

di
ti

on
al

in
fo

rm
at

io
n

re
ga

rd
in

g
th

es
e

an
d

ot
he

r
ac

cu
se

d
pr

od
uc

ts
is

ex
pe

ct
ed

to
be

ob
ta

in
ed

th
ro

ug
h

di
sc

ov
er

y.

.
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
E

xh
ib

it
A

-4
,

C
la

im
I

E
le

m
en

t
I.

IC
la

im
7,

E
le

m
en

t
II

a
su

rf
ac

e

la
ye

r; •
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n
Se

e
E

xh
ib

it
A

-4
,

C
la

im
I

E
le

m
en

t
2.

IC
la

im
7,

E
le

m
en

t
21

a
su

bs
tr

at
e;

.
.

T
he

V
IP

S
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
E

xh
ib

it
A

-4
.

C
la

im
I,

E
le

m
en

t
3.

IC
la

im
7,

E
le

m
en

t
31

an
ac

ti
ve

re
gi

on
in

cl
ud

in
g

a
so

ur
ce

an
d

a

dr
ai

n,
di

sp
os

ed
on

on
e

su
rf

ac
e

of

sa
id

su
rf

ac
e

la
ye

r;

•
.

.
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
E

xh
ib

it
A

-4
,

C
la

im
I,

E
le

m
en

t
4.

T
he

or
ad

ed
co

nc
en

tr
at

io
n

of
do

pa
nt

s
ob

se
rv

ed

IC
la

im
7,

E
le

m
en

t
I

a
si

ng
le

dr
if

t
.

.
.

.
.

,
.

,
.

.
vi

a
S

C
M

!s
M

IM
an

al
ys

is
(s

ee
E

xh
ib

it
A

-I
,

C
la

im
I,

E
le

m
en

ts
I,

5)
ge

ne
ra

te
s

a
fi

rs
t

st
at

ic
un

id
ir

ec
ti

on
al

el
ec

tr
ic

dr
if

t
fi

el
d

to
ai

d
th

e

la
ye

r
di

sp
os

ed
be

tw
ee

n
th

e
ot

he
r

.
.

.
.

.
.

.

.
m

ov
em

en
t

o
f

m
in

or
it

y
ca

rr
ie

rs
,

as
cl

ai
m

ed
.

Se
e

al
so

S
C

M
/s

M
IM

an
al

ys
is

re
pr

od
uc

ed
at

E
xh

ib
it

A
-I

,
C

la
im

I,
E

le
m

en
t

5
el

ec
tr

ic
al

ly

su
rf

ac
e

o
f

sa
id

su
rf

ac
e

la
ye

r
an

d
.

.

.
.

.
.

.
.

.
.

ch
ar

ac
te

ri
zi

ng
th

e
ac

cu
se

d
pr

od
uc

t
an

d
sh

ow
in

g
ca

rr
ie

r
m

ov
em

en
t

an
d

el
ec

tr
ic

fi
el

ds
.

S
C

M
/s

M
lM

an
al

ys
is

ge
ne

ra
ll

y
is

di
sc

us
se

d
at

sa
id

su
bs

tr
at

e,
sa

id
dr

if
t

la
ye

r
ha

vi
ng

.

.

E
xh

ib
it

A
-I

,
C

la
im

I,
E

le
m

en
t

5.
a

gr
ad

ed
co

nc
en

tr
at

io
n

o
f

do
pa

nt
s

ge
ne

ra
ti

ng
a

fi
rs

t
st

at
ic

un
id

ir
ec

ti
on

al
el

ec
tr

ic
dr

if
t

fi
el

d
to

ai
d

th
e

m
ov

em
en

t
of

m
in

or
it

y

ca
rr

ie
rs

fr
om

sa
id

su
rf

ac
e

la
ye

r
to

sa
id

su
bs

tr
at

e;
Pa

ge
I

Greenthread Ex. 2026, p. 202 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

64
of

12
1

P
ag

el
D

#:
20

3
E

x
h
ib

it
A

-5
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

U
.S

.
P

at
en

t
N

o.
9,

19
0,

50
2

A
cc

us
ed

P
ro

du
ct

s

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
E

xh
ib

it
A

-4
,

C
la

im
1,

E
le

m
en

t
5.

Se
e

al
so

SC
M

/s
M

IM
an

al
ys

is
re

pr
od

uc
ed

at
IC

la
im

7,
E

le
m

en
t

51
an

d
at

le
as

t
E

xh
ib

it
A

-I
,

C
la

im
I,

E
le

m
en

t
5

el
ec

tr
ic

al
ly

ch
ar

ac
te

ri
zi

ng
th

e
ac

cu
se

d
pr

od
uc

t
an

d
sh

ow
in

g
ca

rr
ie

r
m

ov
em

en
t

an
d

el
ec

tr
ic

fi
el

ds
.

on
e

w
el

l
re

gi
on

di
sp

os
ed

in
sa

id
SC

M
/s

M
lM

an
al

ys
is

ge
ne

ra
lly

is
di

sc
us

se
d

at
E

xh
ib

it
A

-I
,

C
la

im
1,

E
le

m
en

tS
.

si
ng

le
dr

if
t

la
ye

r,
sa

id
w

el
l

re
gi

on
ha

vi
ng

a
gr

ad
ed

co
nc

en
tr

at
io

n
of

do
pa

nt
s

ge
ne

ra
ti

ng
a

se
co

nd
st

at
ic

un
id

ir
ec

tio
na

l
el

ec
tr

ic
dr

if
t

fi
el

d
to

ai
d

th
e

m
ov

em
en

t
of

m
in

or
ity

ca
rr

ie
rs

fr
om

sa
id

su
rf

ac
e

la
ye

r
to

sa
id

su
bs

tr
at

e.

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
U

po
n

in
fo

rm
at

io
n

an
d

be
lie

f,
th

e
fi

rs
t

an
d

se
co

nd
st

at
ic

un
id

ir
ec

tio
na

l
el

ec
tr

ic
fi

el
ds

8.
T

he
se

m
ic

on
du

ct
or

de
vi

ce
of

ar
e

ad
ap

te
d

to
re

sp
ec

tiv
e

gr
ad

in
g

of
do

pa
nt

s
to

ai
d

m
ov

em
en

ts
of

ca
rr

ie
rs

in
re

sp
ec

tiv
e

ac
tiv

e
re

gi
on

s.
D

et
ai

ls
re

ga
rd

in
g

th
e

el
ec

tr
ic

cl
ai

m
7

w
he

re
in

sa
id

fi
rs

t
an

d
fi

el
ds

an
d

ac
tiv

e
re

gi
on

s
ar

e
in

th
e

po
ss

es
si

on
of

th
e

D
ef

en
da

nt
an

d
ar

e
ex

pe
ct

ed
to

be
ob

ta
in

ed
th

ro
ug

h
di

sc
ov

er
y.

Se
e

al
so

SC
M

Is
M

IM
se

co
nd

st
at

ic
un

id
ir

ec
tio

na
l

el
ec

tr
ic

an
al

ys
is

re
pr

od
uc

ed
at

E
xh

ib
it

A
-I

,
C

la
im

I,
E

le
m

en
t

5
el

ec
tr

ic
al

ly
ch

ar
ac

te
ri

zi
ng

th
e

ac
cu

se
d

pr
od

uc
t

an
d

sh
ow

in
g

ca
rr

ie
r

m
ov

em
en

t
fi

el
ds

ar
e

ad
ap

te
d

to
re

sp
ec

tiv
e

an
d

el
ec

tr
ic

fi
el

ds
.

SC
M

/s
M

IM
an

al
ys

is
ge

ne
ra

lly
is

di
sc

us
se

d
at

E
xh

ib
it

A
-I

,
C

la
im

I,
E

le
m

en
t

5.
gr

ad
in

g
of

do
pa

nt
s

to
ai

d
m

ov
em

en
ts

of
ca

rr
ie

rs
in

re
sp

ec
tiv

e
ac

tiv
e

re
gi

on
s.

Pa
ge

2

Greenthread Ex. 2026, p. 203 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
P

il
ed

05
/2

6/
23

P
ag

e
65

of
12

1
P

ag
el

D
#:

20
4

E
x
h
ib

it
A

-6
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

U
.S

.
P

at
en

t
N

o.
11

,3
16

,0
14

A
cc

us
ed

P
ro

du
ct

s

C
la

im
1,

P
re

am
bl

el
A

n
el

ec
tr

on
ic

.
.

.
.

.
.

.

T
o

th
e

ex
te

nt
th

e
pr

ea
m

bl
e

is
a

li
m

it
at

io
n

th
e

M
PS

A
cc

us
ed

P
ro

du
ct

s
in

cl
ud

e
an

el
ec

tr
on

ic
sy

st
em

.
5e

e
E

xh
ib

it
A

-I
,

C
la

im
I,

P
re

am
bl

e:

sy
st

em
,

th
e

sy
st

em
co

m
pr

is
in

g:
.

.

E
xh

ib
it

A
-4

,
C

la
im

I,
P

re
am

bl
e.

E
ac

h
M

PS
A

cc
us

ed
P

ro
du

ct
is

an
el

ec
tr

on
ic

sy
st

em
.

T
hi

s
ch

ar
t

in
cl

ud
es

ex
em

pl
ar

y
in

fo
rm

at
io

n
re

ga
rd

in
g

a
re

pr
es

en
ta

ti
ve

ex
am

pl
e

of
th

e
M

PS
A

cc
us

ed
P

ro
du

ct
s,

th
e

M
PS

86
90

5.
T

he
M

PS

86
90

5
is

re
pr

es
en

ta
ti

ve
o

f
th

e
M

PS
A

cc
us

ed
P

ro
du

ct
s

fo
r

pu
rp

os
es

of
th

is
cl

ai
m

ch
ar

t
an

d
th

e
ot

he
r

in
fr

in
ge

m
en

t
co

nt
en

ti
on

cl
ai

m
ch

ar
ts

be
ca

us
e

up
on

in
fo

rm
at

io
n

an
d

be
li

ef
,

th
e

ot
he

r
M

PS
A

cc
us

ed
P

ro
du

ct
s

w
ou

ld
ha

ve
si

m
il

ar
ly

be
en

ad
va

nt
ag

eo
us

ly
de

si
gn

ed
to

m
ov

e

ca
rr

ie
rs

(e
.g

.,
to

w
ar

ds
th

e
su

bs
tr

at
e)

an
d

ac
hi

ev
e

th
e

pe
rf

or
m

an
ce

en
ha

nc
em

en
ts

de
sc

ri
be

d
an

d
cl

ai
m

ed
in

th
e

‘0
14

pa
te

nt
(a

nd
th

e
ot

he
r

as
se

rt
ed

pa
te

nt
s)

.
Fo

r
ex

am
pl

e,
th

e
ot

he
r

M
PS

A
cc

us
ed

P
ro

du
ct

s
w

ou
ld

si
m

il
ar

ly
ha

ve
be

en
de

si
gn

ed
w

ith
a

do
pa

nt
gr

ad
ie

nt
in

or
de

r
to

im
pr

ov
e

pe
rf

or
m

an
ce

ch
ar

ac
te

ri
st

ic
s

su
ch

as
on

an
d

of
f

sw
it

ch
in

g
ti

m
es

an
d

ot
he

r
pe

rf
or

m
an

ce
en

ha
nc

em
en

ts
de

sc
ri

be
d

in
th

e
A

bs
tr

ac
t

of
th

e
‘0

14
pa

te
nt

(a
nd

th
e

ot
he

r
as

se
rt

ed
pa

te
nt

s)
.

S
im

il
ar

ly
,

th
e

ot
he

r
M

PS
A

cc
us

ed
P

ro
du

ct
s

(i
nc

lu
di

ng
M

PS
A

cc
us

ed
P

ro
du

ct
s)

w
ou

ld

ha
ve

be
en

de
si

gn
ed

in
a

si
m

il
ar

m
an

ne
r

as
th

e
M

PS
86

90
5

fo
r

pu
rp

os
es

o
f

th
is

cl
ai

m
ch

ar
t

be
ca

us
e

to
ac

hi
ev

e
su

ch
pe

rf
or

m
an

ce

en
ha

nc
em

en
ts

(e
.g

.,
on

an
d

of
f

sw
it

ch
in

g
ti

m
es

).
T

he
re

fo
re

,
up

on
in

fo
rm

at
io

n
an

d
be

li
ef

th
e

ot
he

r
M

PS
A

cc
us

ed
P

ro
du

ct
s

co
nt

ai
n

si
m

il
ar

fe
at

ur
es

as
th

e
M

PS
86

90
5

tr
an

si
st

or
s

de
pi

ct
ed

he
re

,
an

d
fu

nc
ti

on
in

a
si

m
il

ar
w

ay
w

ith
re

sp
ec

t
to

th
e

fe
at

ur
es

cl
ai

m
ed

in
th

e
as

se
rt

ed

cl
ai

m
s,

an
d

th
e

ot
he

r
M

PS
A

cc
us

ed
P

ro
du

ct
s

co
nt

ai
n

si
m

il
ar

fe
at

ur
es

as
th

e
M

PS
86

90
5,

an
d

fu
nc

ti
on

in
a

si
m

il
ar

w
ay

w
ith

re
sp

ec
t

to
th

e

fe
at

ur
es

cl
ai

m
ed

in
th

e
as

se
rt

ed
cl

ai
m

s.

T
hi

s
cl

ai
m

ch
ar

t
is

ba
se

d
on

pu
bl

ic
ly

av
ai

la
bl

e
in

fo
rm

at
io

n,
an

d
ad

di
ti

on
al

in
fo

rm
at

io
n

re
ga

rd
in

g
th

es
e

an
d

ot
he

r
ac

cu
se

d
pr

od
uc

ts
is

ex
pe

ct
ed

to
be

ob
ta

in
ed

th
ro

ug
h

di
sc

ov
er

y.

C
la

im
1,

E
le

m
en

t
la

l
at

le
as

t
on

e
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
E

xh
ib

it
A

-I
,

C
la

im
I,

P
re

am
bl

e.
se

m
ic

on
du

ct
or

de
vi

ce
,

th
e

at
le

as
t

on
e

se
m

ic
on

du
ct

or
de

vi
ce

in
cl

ud
in

g:

IC
la

im
1,

E
le

m
en

t
1
b

a
su

bs
tr

at
e

o
fa

fi
rs

t
do

pi
ng

ty
pe

at
a

fi
rs

t
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n
..S

’e
e

E
xh

ib
it

A
-3

,
C

la
im

I,
E

le
m

en
t

I.

do
pi

ng
le

ve
l

ha
vi

ng
a

su
rf

ac
e;

JC
Ia

im
1,

E
le

m
en

t
1
c

a
fi

rs
t

ac
ti

ve
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
E

xh
ib

it
A

-3
.

C
la

im
I,

E
le

m
en

t
2:

E
xh

ib
it

A
-I

,
C

la
im

9,
E

le
m

en
t

2

re
gi

on
di

sp
os

ed
ad

ja
ce

nt
th

e
su

rf
ac

e
w

ith
a

se
co

nd
do

pi
ng

ty
pe

op
po

si
te

in
co

nd
uc

ti
vi

ty
to

th
e

fi
rs

t
do

pi
ng

ty
pe

an
d

w
it

hi
n

w
hi

ch
tr

an
si

st
or

s
ca

n
be

fo
rm

ed
;

IC
la

im
1,

E
le

m
en

t
Id

i
a

se
co

nd
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
E

xh
ib

it
A

-3
,

C
la

im
I,

E
le

m
en

t
3;

E
xh

ib
it

A
-I

,
C

la
im

9,
E

le
m

en
t

3.

ac
ti

ve
re

gi
on

se
pa

ra
te

fr
om

th
e

fi
rs

t

ac
ti

ve
re

gi
on

di
sp

os
ed

ad
ja

ce
nt

to
th

e
fi

rs
t

ac
ti

ve
re

gi
on

an
d

w
it

hi
n

w
hi

ch
tr

an
si

st
or

s
ca

n
be

fo
rm

ed
;

IC
la

im
1,

E
le

m
en

t
le

l
tr

an
si

st
or

s
fo

rm
ed

in
at

le
as

t
on

e
o

f
th

e
fi

rs
t

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

E
xh

ib
it

A
-3

,
C

la
im

I,
E

le
m

en
t

4.

ac
ti

ve
re

gi
on

or
se

co
nd

ac
ti

ve
re

gi
on

;

Pa
ge

Greenthread Ex. 2026, p. 204 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

66
of

12
1

P
ag

el
D

#:
20

5
E

x
h
ib

it
A

-6
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

U
.S

.
P

at
en

t
N

o.
11

,3
16

,0
14

A
cc

us
ed

P
ro

du
ct

s
C

la
im

1,
E

le
m

en
t

If
)

at
le

as
t

a
T

he
M

PS
A

cc
us

ed
Pr

od
uc

ts
m

ee
t

th
is

lim
ita

tio
n.

Se
e

E
xh

ib
it

A
-3

,
C

la
im

I,
E

le
m

en
t

5.
Se

e
al

so
SC

M
!s

M
IM

an
al

ys
is

re
pr

od
uc

ed
at

po
rt

io
n

of
at

le
as

t
on

e
of

th
e

fi
rs

t
E

xh
ib

it
A

-I
,

C
la

im
I,

E
le

m
en

t
5

el
ec

tr
ic

al
ly

ch
ar

ac
te

ri
zi

ng
th

e
ac

cu
se

d
pr

od
uc

t
an

d
sh

ow
in

g
ca

rr
ie

r
m

ov
em

en
t

an
d

el
ec

tr
ic

fi
el

ds
.

an
d

se
co

nd
ac

tiv
e

re
gi

on
s

ha
vi

ng
SC

M
/s

M
lM

an
al

ys
is

ge
ne

ra
lly

is
di

sc
us

se
d

at
E

xh
ib

it
A

-I
,

C
la

im
I,

E
le

m
en

t
5.

at
le

as
t

on
e

gr
ad

ed
do

pa
nt

co
nc

en
tr

at
io

n
to

ai
d

ca
rr

ie
r

m
ov

em
en

t
fr

om
th

e
fi

rs
t

an
d

se
co

nd
ac

tiv
e

re
gi

on
s

to
w

ar
ds

an
ar

ea
of

th
e

su
bs

tr
at

e
w

he
re

th
er

e
ar

e
no

ac
tiv

e
re

gi
on

s;
an

d
IC

la
im

I,
E

le
m

en
t

Ig
j

at
le

as
t

on
e

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
E

xh
ib

it
A

-3
,

C
la

im
1,

E
le

m
en

t
6;

E
xh

ib
it

A
-3

,
C

la
im

21
,

E
le

m
en

t
Se

e
al

so
w

el
l

re
gi

on
ad

ja
ce

nt
to

th
e

fi
rs

t
or

S
C

\4
/s

M
IM

an
al

ys
is

re
pr

od
uc

ed
at

E
xh

ib
it

A
-I

,
C

la
im

1,
E

le
m

en
t

5
el

ec
tr

ic
al

ly
ch

ar
ac

te
ri

zi
ng

th
e

ac
cu

se
d

pr
od

uc
t

an
d

sh
ow

in
g

ca
rr

ie
r

se
co

nd
ac

tiv
e

re
gi

on
co

nt
ai

ni
ng

at
m

ov
em

en
t

an
d

el
ec

tr
ic

fi
el

ds
.

SC
M

/s
M

IM
an

al
ys

is
ge

ne
ra

lly
is

di
sc

us
se

d
at

E
xh

ib
it

A
-I

,
C

la
im

I,
E

le
m

en
t

5.
le

as
t

on
e

gr
ad

ed
do

pa
nt

re
gi

on
,

th
e

gr
ad

ed
do

pa
nt

re
gi

on
to

ai
d

ca
rr

ie
r

m
ov

em
en

t
fr

om
th

e
su

rf
ac

e
to

w
ar

ds
th

e
ar

ea
of

th
e

su
bs

tr
at

e
w

he
re

th
er

e
ar

e
no

ac
tiv

e
re

gi
on

s,
w

he
re

in
at

le
as

t
so

m
e

of
th

e
tr

an
si

st
or

s
fo

rm
di

gi
ta

l
lo

gi
c

of
th

e
se

m
ic

on
du

ct
or

de
vi

ce
.

3.
T

he
sy

st
em

of
C

la
im

1,
w

he
re

in
T

he
M

PS
A

cc
us

ed
Pr

od
uc

ts
m

ee
t

th
is

lim
ita

tio
n.

Se
e

E
xh

ib
it

A
-3

,
C

la
im

3.
th

e
su

bs
tr

at
e

of
th

e
at

le
as

t
on

e
se

m
ic

on
du

ct
or

de
vi

ce
ha

s
ep

ita
xi

al
si

lic
on

on
to

p
o
fa

no
ne

pi
ta

xi
al

su
bs

tr
at

e.
4.

T
he

sy
st

em
of

C
la

im
I,

w
he

re
in

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
E

xh
ib

it
A

-3
,

C
la

im
4.

th
e

fi
rs

t
ac

tiv
e

re
gi

on
an

d
se

co
nd

ac
tiv

e
re

gi
on

of
th

e
at

le
as

t
on

e
se

m
ic

on
du

ct
or

de
vi

ce
co

nt
ai

n
di

gi
ta

l
lo

gi
c

fo
rm

ed
by

on
e

of
ei

th
er

p
ch

an
ne

l
an

d
n-

ch
an

ne
l

de
vi

ce
s.

5.
T

he
sy

st
em

of
C

la
im

1,
w

he
re

in
T

he
M

PS
A

cc
us

ed
Pr

od
uc

ts
m

ee
t

th
is

lim
ita

tio
n.

Se
e

E
xh

ib
it

A
-3

,
C

la
im

5.
th

e
fi

rs
t

ac
tiv

e
re

gi
on

an
d

se
co

nd
ac

tiv
e

re
gi

on
of

th
e

at
le

as
t

on
e

se
m

ic
on

du
ct

or
de

vi
ce

co
nt

ai
n

ei
th

er
p-

ch
an

ne
l

or
n-

ch
an

ne
l

de
vi

ce
s

in
n-

w
el

ls
or

p-
w

el
ls

,
re

sp
ec

tiv
el

y,
an

d
ea

ch
w

el
l

ha
s

at
le

as
t

on
e

gr
ad

ed
do

pa
nt

.
6.

T
he

sy
st

em
of

C
la

im
I,

w
he

re
in

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
E

xh
ib

it
A

-3
,

C
la

im
6.

th
e

fi
rs

t
ac

tiv
e

re
gi

on
an

d
se

co
nd

ac
tiv

e
re

gi
on

of
th

e
at

le
as

t
on

e

Pa
ge

2

Greenthread Ex. 2026, p. 205 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
F

il
ed

0
5
/2

6
/2

3
P

ag
e

67
of

12
1

P
ag

el
D

#:
20

6

E
x
h
ib

it
A

-6
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

U
.S

.
P

at
en

t
N

o.
11

,3
16

,0
14

A
cc

us
ed

P
ro

du
ct

s

se
m

ic
on

du
ct

or
de

vi
ce

ar
e

ea
ch

se
pa

ra
te

d
by

at
le

as
t

on
e

is
ol

at
io

n
re

gi
on

.
7.

T
he

sy
st

em
of

C
la

im
,

w
he

re
in

th
e

gr
ad

ed
do

pa
nt

is
fa

br
ic

at
ed

w
it

h
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n
.S

ee
E

xh
ib

it
A

-3
.

C
la

im
7.

an
io

n
im

pl
an

ta
ti

on
pr

oc
es

s.

8.
T

he
sy

st
em

of
C

la
im

I.
w

he
re

in
th

e
fi

rs
t

an
d

se
co

nd
ac

ti
ve

re
gi

on
s

o
f

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n

Se
e

E
xh

ib
it

A
-3

.
C

la
im

8.

th
e

at
le

as
t

on
e

se
m

ic
on

du
ct

or
de

vi
ce

ar
e

fo
rm

ed
ad

ja
ce

nt
th

e
fi

rs
t

su
rf

ac
e

of
th

e
su

bs
tr

at
e

o
f

th
e

at
le

as
t

on
e

se
m

ic
on

du
ct

or
de

vi
ce

.
9.

T
he

sy
st

em
o
f

C
la

im
I,

w
he

re
in

do
pa

nt
s

of
th

e
gr

ad
ed

do
pa

nt
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
E

xh
ib

it
A

-3
,

C
la

im
9.

co
nc

en
tr

at
io

n
in

th
e

fi
rs

t
ac

ti
ve

re
gi

on
or

th
e

se
co

nd
ac

ti
ve

re
gi

on
o
f

th
e

at
le

as
t

on
e

se
m

ic
on

du
ct

or
de

vi
ce

ar
e

ei
th

er
p-

ty
pe

or
n-

ty
pe

.

13
.

T
he

sy
st

em
of

cl
ai

m
I,

w
he

re
in

th
e

tr
an

si
st

or
s

w
hi

ch
ca

n
be

fo
rm

ed
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
E

xh
ib

it
A

-3
,

C
la

im
13

.

in
th

e
fi

rs
t

an
d

se
co

nd
ac

ti
ve

re
gi

on
s

of
th

e
at

le
as

t
on

e
se

m
ic

on
du

ct
or

de
vi

ce
ar

e
C

M
O

S
di

gi
ta

l
lo

gi
c

tr
an

si
st

or
s

re
qu

ir
in

g
at

le
as

t
a

so
ur

ce
,

a
dr

ai
n,

a
ga

te
an

d
a

ch
an

ne
l.

15
.

T
he

sy
st

em
of

C
la

im
I.

w
he

re
in

th
e

at
le

as
t

on
e

se
m

ic
on

du
ct

or
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
E

xh
ib

it
A

-3
.

C
la

im
15

.

de
vi

ce
is

a
co

m
pl

em
en

ta
ry

m
et

al
ox

id
e

se
m

ic
on

du
ct

or
(C

M
O

S
)

w
ith

a
no

ne
pi

ta
xi

al
su

bs
tr

at
e.

16
.

T
he

sy
st

em
of

C
la

im
I,

w
he

re
in

th
e

at
le

as
t

on
e

se
m

ic
on

du
ct

or
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n
Se

e
E

xh
ib

it
A

-3
,

C
la

im
16

.

de
vi

ce
is

a
fl

as
h

m
em

or
y.

17
.

T
he

sy
st

em
of

C
la

im
I.

w
he

re
in

th
e

at
le

as
t

on
e

se
m

ic
on

du
ct

or
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
E

xh
ib

it
A

-3
.

C
la

im
17

.

de
vi

ce
co

m
pr

is
es

di
gi

ta
l

lo
gi

c
an

d
ca

pa
ci

to
rs

.
20

.
T

he
sy

st
em

o
f

C
la

im
1,

w
he

re
in

ea
ch

of
th

e
fi

rs
t

an
d

se
co

nd
ac

ti
ve

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

E
xh

ib
it

A
-3

,
C

la
im

20
.

re
gi

on
s

o
f

th
e

at
le

as
t

on
e

P
ao

3

Greenthread Ex. 2026, p. 206 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

68
of

12
1

P
ag

el
D

#:
20

7
E

x
h
ib

it
A

-6
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

U
.S

.
P

at
en

t
N

o.
11

,3
16

,0
14

A
cc

us
ed

P
ro

du
ct

s
se

m
ic

on
du

ct
or

de
vi

ce
ar

e
in

th
e

la
te

ra
l

or
ve

rt
ic

al
di

re
ct

io
n.

IC
la

im
21

,
P

re
am

bl
el

A
n

T
o

th
e

ex
te

nt
th

e
pr

ea
m

bl
e

is
a

lim
ita

tio
n,

th
e

M
PS

A
cc

us
ed

Pr
od

uc
ts

in
cl

ud
e

an
el

ec
tr

on
ic

sy
st

em
.

Se
e

ab
ov

e
at

C
la

im
I,

Pr
ea

m
bl

e.
el

ec
tr

on
ic

sy
st

em
,

th
e

sy
st

em
co

m
pr

is
in

g:
IC

la
im

21
,

E
le

m
en

t
m

l
at

le
as

t
on

e
T

he
M

PS
A

cc
us

ed
Pr

od
uc

ts
m

ee
t

th
is

lim
ita

tio
n.

Se
e

ab
ov

e
at

C
la

im
I,

E
le

m
en

t
Ia

.
se

m
ic

on
du

ct
or

de
vi

ce
,

th
e

at
le

as
t

on
e

se
m

ic
on

du
ct

or
de

vi
ce

in
cl

ud
in

g:
IC

la
im

21
,

E
le

m
en

t
Ib

i
a

su
bs

tr
at

e
T

he
M

PS
A

cc
us

ed
Pr

od
uc

ts
m

ee
t

th
is

lim
ita

tio
n.

Se
e

ab
ov

e
at

C
la

im
1,

E
le

m
en

t
lb

.
of

a
fi

rs
t

do
pi

ng
ty

pe
at

a
fi

rs
t

do
pi

ng
le

ve
l

ha
vi

ng
a

su
rf

ac
e;

C
la

im
21

,
E

le
m

en
t

Id
a

fi
rs

t
T

he
M

PS
A

cc
us

ed
Pr

od
uc

ts
m

ee
t

th
is

lim
ita

tio
n.

Se
e

ab
ov

e
at

C
la

im
I,

E
le

m
en

t
Ic

;
E

xh
ib

it
A

-I
,

C
la

im
9.

E
le

m
en

t
2.

ac
tiv

e
re

gi
on

di
sp

os
ed

ad
ja

ce
nt

th
e

su
rf

ac
e

of
th

e
su

bs
tr

at
e

w
ith

a
se

co
nd

do
pi

ng
ty

pe
op

po
si

te
in

co
nd

uc
ti

vi
ty

to
th

e
fi

rs
t

do
pi

ng
ty

pe
an

d
w

ith
in

w
hi

ch
tr

an
si

st
or

s
ca

n
be

fo
rm

ed
in

th
e

su
rf

ac
e

th
er

eo
f;

IC
la

im
21

,
E

le
m

en
t

Id
)

a
se

co
nd

T
he

M
PS

A
cc

us
ed

Pr
od

uc
ts

m
ee

t
th

is
lim

ita
tio

n.
Se

e
ab

ov
e

at
C

la
im

1,
E

le
m

en
t

Id
;

E
xh

ib
it

A
-I

,
C

la
im

9,
E

le
m

en
t

3.
ac

tiv
e

re
gi

on
se

pa
ra

te
fr

om
th

e
fi

rs
t

ac
tiv

e
re

gi
on

di
sp

os
ed

ad
ja

ce
nt

to
th

e
fi

rs
t

ac
tiv

e
re

gi
on

an
d

w
ith

in
w

hi
ch

tr
an

si
st

or
s

ca
n

be
fo

rm
ed

in
th

e
su

rf
ac

e
th

er
eo

f
IC

la
im

21
,

E
le

m
en

t
le

l
tr

an
si

st
or

s
T

he
M

PS
A

cc
us

ed
Pr

od
uc

ts
m

ee
t

th
is

lim
ita

tio
n.

Se
e

ab
ov

e
at

C
la

im
1,

E
le

m
en

t
le

.
fo

rm
ed

in
at

le
as

t
on

e
of

th
e

fi
rs

t
ac

tiv
e

re
gi

on
or

se
co

nd
ac

tiv
e

re
gi

on
;

IC
la

im
21

,
E

le
m

en
t

If
)

at
le

as
t

a
T

he
M

PS
A

cc
us

ed
Pr

od
uc

ts
m

ee
t

th
is

lim
ita

tio
n.

Se
e

ab
ov

e
at

C
la

im
1,

E
le

m
en

t
If

;
E

xh
ib

it
A

-I
,

C
la

im
9,

E
le

m
en

t
5.

Se
e

aL
so

po
rt

io
n

o
fa

t
le

as
t

on
e

of
th

e
fi

rs
t

SC
M

/s
M

IM
an

al
ys

is
re

pr
od

uc
ed

at
E

xh
ib

it
A

-I
,

C
la

im
1,

E
le

m
en

t
5

el
ec

tr
ic

al
ly

ch
ar

ac
te

ri
zi

ng
th

e
ac

cu
se

d
pr

od
uc

t
an

d
sh

ow
in

g
ca

rr
ie

r
an

d
se

co
nd

ac
tiv

e
re

gi
on

s
ha

vi
ng

at
m

ov
em

en
t

an
d

el
ec

tr
ic

fi
el

ds
.

SC
M

/s
M

IM
an

al
ys

is
ge

ne
ra

lly
is

di
sc

us
se

d
at

E
xh

ib
it

A
-I

,
C

la
im

I,
E

le
m

en
t

5.
le

as
t

on
e

gr
ad

ed
do

pa
nt

co
nc

en
tr

at
io

n
to

ai
d

ca
rr

ie
r

m
ov

em
en

t
fr

om
th

e
su

rf
ac

e
to

an
ar

ea
of

th
e

su
bs

tr
at

e
w

he
re

th
er

e
ar

e
no

ac
tiv

e
re

gi
on

s;
an

d
IC

la
im

21
,

E
le

m
en

t
Ig

)
at

le
as

t
on

e
T

he
M

PS
A

cc
us

ed
Pr

od
uc

ts
m

ee
t

th
is

lim
ita

tio
n.

Se
e

ab
ov

e
at

C
la

im
I,

E
le

m
en

t
Ig

;
E

xh
ib

it
A

-3
,

C
la

im
21

,
E

le
m

en
t

6.
Se

e
a/

so
w

el
l

re
gi

on
ad

ja
ce

nt
to

th
e

fi
rs

t
or

SC
M

/s
M

IM
an

al
ys

is
re

pr
od

uc
ed

at
E

xh
ib

it
A

-I
,

C
la

im
I,

El
em

en
t 5

el
ec

tri
ca

lly
ch

ar
ac

te
riz

in
g

th
e

ac
cu

se
d

pr
od

uc
t

an
d

sh
ow

in
g

ca
rr

ie
r

se
co

nd
ac

tiv
e

re
gi

on
co

nt
ai

ni
ng

at
m

ov
em

en
t

an
d

el
ec

tr
ic

fi
el

ds
.

SC
M

/s
M

IM
an

al
ys

is
ge

ne
ra

lly
is

di
sc

us
se

d
at

E
xh

ib
it

A
-I

,
C

la
im

I,
E

le
m

en
t

5.
le

as
t

on
e

gr
ad

ed
do

pa
nt

re
gi

on
,

th
e

gr
ad

ed
do

pa
nt

re
gi

on
to

ai
d

ca
rr

ie
r

th
er

eo
f

m
ov

em
en

t
fr

om
th

e
su

rf
ac

e

Pa
ge

4

Greenthread Ex. 2026, p. 207 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
F

il
ed

0
5
/2

6
/2

3
P

ag
e

69
of

12
1

P
ag

el
D

#:
20

8

E
x
h
ib

it
A

-6
to

G
re

en
th

re
ad

’s
C

o
m

p
la

in
t

U
.S

.
P

at
en

t
N

o.
11

,3
16

,0
14

A
cc

us
ed

P
ro

du
ct

s

to
th

e
ar

ea
o

f
th

e
su

bs
tr

at
e

w
he

re
th

er
e

ar
e

no
ac

ti
ve

re
gi

on
s,

an
d

w
he

re
in

th
e

gr
ad

ed
do

pa
nt

co
nc

en
tr

at
io

n
is

lin
ea

r.
qu

as
il

in
ea

r,
er

ro
r

fu
nc

ti
on

,
co

m
pl

em
en

ta
ry

er
ro

r
fu

nc
ti

on
,

or
an

y
co

m
bi

na
ti

on
th

er
eo

f.
23

.
T

he
sy

st
em

of
C

la
im

21
,

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

E
xh

ib
it

A
-3

,
C

la
im

23
.

w
he

re
in

th
e

su
bs

tr
at

e
of

th
e

at
le

as
t

on
e

se
m

ic
on

du
ct

or
de

vi
ce

is
a

ty
pe

su
bs

tr
at

e.
24

.
T

he
sy

st
em

of
C

la
im

21
,

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n

Se
e

E
xh

ib
it

A
-3

,
C

la
im

24
.

w
he

re
in

th
e

su
bs

tr
at

e
o

f
th

e
at

le
as

t

on
e

se
m

ic
on

du
ct

or
de

vi
ce

ha
s

ep
it

ax
ia

l
si

li
co

n
on

to
p

of
a

no
ne

pi
ta

xi
al

su
bs

tr
at

e.
25

.
T

he
sy

st
em

of
C

la
im

21
,

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n

Se
e

E
xh

ib
it

A
-3

.
C

la
im

25
.

w
he

re
in

th
e

fi
rs

t
ac

ti
ve

re
gi

on
an

d
se

co
nd

ac
ti

ve
re

gi
on

o
f

th
e

at
le

as
t

on
e

se
m

ic
on

du
ct

or
de

vi
ce

co
nt

ai
n

at
le

as
t

on
e

of
ei

th
er

p-
ch

an
ne

l
an

d
n

ch
an

ne
l

de
vi

ce
s.

26
.

T
he

sy
st

em
of

C
la

im
21

,
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n.
Se

e
E

xh
ib

it
A

-3
,

C
la

im
26

.

w
he

re
in

th
e

fi
rs

t
ac

ti
ve

re
gi

on
an

d
se

co
nd

ac
ti

ve
re

gi
on

of
th

e
at

le
as

t

on
e

se
m

ic
on

du
ct

or
de

vi
ce

co
nt

ai
n

ei
th

er
p-

ch
an

ne
l

or
n-

ch
an

ne
l

de
vi

ce
s

in
n-

w
el

ls
or

p-
w

el
ls

,
re

sp
ec

ti
ve

ly
,

an
d

ea
ch

w
el

l
ha

s
at

le
as

t
on

e
gr

ad
ed

do
pa

nt
.

27
.

T
he

sy
st

em
of

C
la

im
21

,
T

he
M

PS
A

cc
us

ed
P

ro
du

ct
s

m
ee

t
th

is
li

m
it

at
io

n
.S

ee
E

xh
ib

it
A

-3
,

C
la

im
27

.

w
he

re
in

th
e

fi
rs

t
ac

ti
ve

re
gi

on
an

d
se

co
nd

ac
ti

ve
re

gi
on

of
th

e
at

le
as

t

on
e

se
m

ic
on

du
ct

or
de

vi
ce

ar
e

ea
ch

se
pa

ra
te

d
by

at
le

as
t

on
e

is
ol

at
io

n
re

gi
on

.
28

.
T

he
sy

st
em

of
C

la
im

21
,

T
he

M
PS

A
cc

us
ed

P
ro

du
ct

s
m

ee
t

th
is

li
m

it
at

io
n.

Se
e

E
xh

ib
it

A
-3

,
C

la
im

28
.

w
he

re
in

do
pa

nt
s

of
th

e
gr

ad
ed

do
pa

nt
co

nc
en

tr
at

io
n

in
th

e
fi

rs
t

ac
ti

ve
re

gi
on

or
th

e
se

co
nd

ac
ti

ve
re

gi
on

o
f

th
e

at
le

as
t

on
e

Pa
ge

5

Greenthread Ex. 2026, p. 208 of 260 
MPS v. Greenthread 

IPR2024-00550



0,
0

C

C,
C”
a
r-f
r.’J

‘4-

0
0
N
C
C,
C”
a
Cr)
C’!
‘-0
C’!
LU
0
-C
C

LJ

C
0.)
E
D
C)
0

z
D
a,
N-
LU
0
0

Ci)
cv,
C’!

0)
C,)
C”

(3

‘C
0
eli
0

C-

a

C
c
It

t
S

.5
a
S

C
a

a

.0

.5

Greenthread Ex. 2026, p. 209 of 260 
MPS v. Greenthread 

IPR2024-00550



0

(I-)

(-n
C

U
a)

0

U
C)
C,

0

C)
C,

(0
C\j

LI)
0

C)

U

0

C
C)
E
C-)
0

z
D

LI)
0
C
>
9

U;

Greenthread Ex. 2026, p. 210 of 260 
MPS v. Greenthread 

IPR2024-00550



Case

1:
23

-c
v-

00
57

9-
U

N
A

D
oc

um
en

t
1-

8
Pi

le
d

05
/2

6/
23

P
ag

e
72

of
12

1
P

ag
el

D
#:

21
1

A
ll

co
py

ri
gh

t,
pr

op
ri

et
ar

y
an

d
in

te
ll

ec
tu

al
pr

op
er

ty
ri

gh
ts

re
la

te
d

to
th

is
re

po
rt

re
si

de
w

ith
T

ec
hi

ns
ig

ht
s,

ex
ce

pt
as

,
an

d
on

ly
to

th
e

ex
te

nt
,

ex
pr

es
sl

y
ag

re
ed

ot
he

rw
is

e
in

w
ri

tin
g.

T
he

re
po

rt
is

pr
ov

id
ed

un
de

r
li

ce
ns

e,
ex

cl
us

iv
el

y
fo

r
th

e
us

e
of

th
e

or
ga

ni
za

ti
on

to
w

hi
ch

T
ec

hl
ns

ig
ht

s
ha

s
de

li
ve

re
d

th
e

re
po

rt
an

d
m

ay
on

ly
be

us
ed

in
ac

co
rd

an
ce

w
ith

th
e

te
rm

s
of

th
e

li
ce

ns
e

se
t

ou
t

in
th

e
ag

re
em

en
t

be
tw

ee
n

T
ec

h
In

si
gh

ts
an

d
th

at
or

ga
ni

za
ti

on
,

or
w

ith
th

e
ot

he
r

ex
pr

es
s,

pr
io

r,
w

ri
tte

n
co

ns
en

t
of

T
ec

hi
ns

ig
ht

s.

If
di

st
ri

bu
tio

n
of

th
e

re
po

rt
is

pe
rm

it
te

d,
T

ec
hi

ns
ig

ht
s

ac
cr

ed
it

at
io

n,
in

cl
ud

in
g

w
at

er
m

ar
ks

m
us

t
re

m
ai

n
at

ta
ch

ed
.

T
he

in
fo

rm
at

io
n

co
nt

ai
ne

d
in

th
is

re
po

rt
m

ay
de

sc
ri

be
te

ch
ni

ca
l

in
no

va
ti

on
s,

w
hi

ch
ar

e
th

e
su

bj
ec

t
of

pa
te

nt
s

he
ld

by
th

ir
d

pa
rt

ie
s.

T
he

di
sc

lo
su

re
by

T
ec

hl
ns

ig
ht

s
of

an
y

su
ch

in
fo

rm
at

io
n

is
in

no
fo

rm
w

ha
ts

oe
ve

r
an

in
du

ce
m

en
t t

o
in

fr
in

ge
an

y
pa

te
nt

.
T

ec
hl

ns
ig

ht
s

as
su

m
es

no
lia

bi
lit

y
fo

r
pa

te
nt

in
fr

in
ge

m
en

t
ar

is
in

g
fr

om
th

e
us

e
of

th
e

in
fo

rm
at

io
n

co
nt

ai
ne

d
in

th
is

re
po

rt
.

PE
F-

22
02

-8
01

1 1
43

09
00

D
C

Pu
bl

is
he

d:
A

pr
il

28
,

20
22

T
ec

h
2

A
ll

co
nt

en
t

Id
2
0
2
2

T
e
c
h
In

sg
h
ts

In
c.

A
ll

rI
gh

ts
re

se
rv

ed
In

si
gh

ts

Greenthread Ex. 2026, p. 211 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

73
of

12
1

P
ag

el
D

#:
21

2

O
v

er
v

ie
w

T
hi

s
a

P
ow

er
E

ss
en

ti
al

s
(P

E
F

)
su

m
m

ar
y

do
cu

m
en

t,
pr

ov
id

ed
as

a
co

m
pa

ni
on

de
li

ve
ra

bl
e

fo
r

P
ow

er
E

ss
en

ti
al

s
pr

oj
ec

ts
.

T
he

co
m

pl
et

e
PE

E
de

li
ve

ra
bl

e
in

cl
ud

es

th
is

do
cu

m
en

t,
w

hi
ch

pr
ov

id
es

a
su

m
m

ar
y

of
ob

se
rv

ed
de

vi
ce

m
et

ri
cs

an
d

sa
li

en
t

fe
at

ur
es

,
th

e
su

m
m

ar
y

is
su

pp
or

te
d

by
th

e
fo

llo
w

in
g

un
an

no
ta

te
d

im
ag

e
fo

ld
er

s:

P
ac

ka
ge

op
tic

al
ph

ot
og

ra
ph

s,
pa

ck
ag

e
X

-r
ay

im
ag

es
,

di
e

ph
ot

og
ra

ph
s,

op
ti

ca
l

ph
ot

os
of

di
e

fe
at

ur
e

im
ag

e
se

t

P
la

n-
vi

ew
im

ag
es

of
th

e
de

vi
ce

de
la

ye
re

d
to

th
e

ga
te

le
ve

l

E
xp

lo
ra

to
ry

cr
os

s-
se

ct
io

na
l

sc
an

ni
ng

el
ec

tr
on

m
ic

ro
sc

op
e

(S
E

M
)

im
ag

es
of

th
e

de
vi

ce
st

ru
ct

ur
e

D
et

ai
le

d
cr

os
s-

se
ct

io
na

l
sc

an
ni

ng
ca

pa
ci

ta
nc

e
m

ic
ro

sc
op

y
(S

C
M

)
an

d
sc

an
ni

ng
m

ic
ro

w
av

e
im

pe
da

nc
e

m
ic

ro
sc

op
y

(s
M

IM
-C

)
an

al
ys

is
of

th
e

do
pa

nt

st
ru

ct
ur

es

D
et

ai
le

d
cr

os
s-

se
ct

io
na

l
tr

an
sm

is
si

on
el

ec
tr

on
m

ic
ro

sc
op

e
(T

E
M

)
im

ag
es

of
th

e
po

w
er

de
vi

ce
st

ru
ct

ur
e

M
et

al
an

d
di

el
ec

tr
ic

la
ye

r
co

m
po

si
ti

on
id

en
tif

ic
at

io
n

ba
se

d
on

T
E

M
-E

D
S

re
su

lt
s

T
he

im
ag

e
se

t
fo

r
a

st
an

da
rd

P
E

F
pr

oj
ec

t
is

de
ri

ve
d

fr
om

a
be

ve
le

d
sa

m
pl

e
fo

r
SE

M
pl

an
ar

an
al

ys
is

,
on

e
pl

an
e

of
cr

os
s-

se
ct

io
ni

ng
fo

r
SE

M
st

ru
ct

ur
al

an
al

ys
is

,
a

si
ng

le
T

E
M

sa
m

pl
e

fo
r

th
e

de
ta

il
ed

st
ru

ct
ur

al
an

al
ys

is
,

an
d

pl
an

ar
an

d
cr

os
s-

se
ct

io
na

l
SC

M
an

d
sM

IM
an

al
ys

is
.

V
al

ue
ad

de
d

in
fo

rm
at

io
n,

su
ch

as
ad

di
ti

on
al

pl
an

es

of
cr

os
s-

se
ct

io
ni

ng
,

m
ay

be
in

cl
ud

ed
on

a
ca

se
-b

y
-c

as
e

ba
si

s.

T
he

P
ow

er
E

ss
en

ti
al

s
de

li
ve

ra
bl

e
pr

ov
id

es
ba

si
c

co
m

pe
ti

ti
ve

be
nc

hm
ar

ki
ng

in
fo

rm
at

io
n

an
d

en
ab

le
s

co
st

-e
ff

ec
ti

ve
tr

ac
ki

ng
of

m
ul

tip
le

co
m

pe
ti

to
rs

’
te

ch
no

lo
gy

.

T
ec

h
3

co
nt

en
t

20
22

T
ec

h
In

sg
h

ts
In

c
Al

l
og

ht
s

re
se

rs
ed

fl
S

I9
h

ts

Greenthread Ex. 2026, p. 212 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

74
of

12
1

P
ag

el
D

#:
21

3

C
o
m

p
an

y
P

ro
fi

le

•
M

on
ol

ith
ic

P
ow

er
S

ys
te

m
s

(M
PS

)
is

a
gl

ob
al

an
al

og
se

m
ic

on
du

ct
or

co
m

pa
ny

fo
un

de
d

in
19

97
by

M
ic

ha
el

H
si

ng
an

d
he

ad
qu

ar
te

re
d

in
K

ir
kl

an
d,

W
as

hi
ng

to
n,

U
.S

.
T

he
co

m
pa

ny
pr

ov
id

es
se

m
ic

on
du

ct
or

-b
as

ed
po

w
er

el
ec

tr
on

ic
s

ci
rc

ui
t

fo
r

sy
st

em
s

fo
un

d
in

cl
ou

d
co

m
pu

ti
ng

,
te

le
co

m
in

fr
as

tr
uc

tu
re

s,
au

to
m

ot
iv

e,
in

du
st

ri
al

ap
pl

ic
at

io
ns

an
d

co
ns

um
er

ap
pl

ic
at

io
ns

[1
].

A
s

of
th

e
en

d
of

D
ec

em
be

r2
02

1,
M

PS
re

po
rt

ed
an

an
nu

al
sa

le
s

fi
gu

re
of

$1
.2

1
bi

lli
on

an
d

ha
d

2,
20

9
em

pl
oy

ee
s

in
20

20
.

T
ec

h
In

si
gh

ts
4

A
ll

ca
n

le
st

@
12

02
2

T
ec

h
ln

sg
h
ts

In
c

A
ll

vg
ht

s
re

se
rv

ed

Greenthread Ex. 2026, p. 213 of 260 
MPS v. Greenthread 

IPR2024-00550



C
a
se

1
:2

3
-c

v
-0

0
5
7
9
-U

N
A

D
o

cu
m

en
t

1-
8

F
il

ed
0

5
/2

6
/2

3
P

a
g

e
7
5

of
1
2
1

P
ag

el
D

#:
2
1

4

D
ev

ic
e

S
u
m

m
ar

y

T
hi

s
re

po
rt

p
re

se
n
ts

a
P

ow
er

E
ss

en
ti

al
s

an
al

y
si

s
of

th
e

M
P

S
M

P
86

90
5

si
li

co
n

(S
i)

-b
as

ed

po
w

er
m

an
ag

em
en

t
IC

(P
M

IC
).

T
he

M
P

86
90

5
is

a
m

on
ol

it
hi

c
ha

lf
-b

ri
dg

e
w

ith
bu

ilt
-i

n

in
te

rn
al

po
w

er
M

O
S

F
E

T
s

an
d

g
at

e
dr

iv
er

s
an

d
is

id
ea

ll
y

su
it

ed
fo

r
m

ul
ti

-p
ha

se
bu

ck

re
gu

la
to

rs
.

It
of

fe
rs

50
A

co
nt

in
uo

us
ou

tp
ut

cu
rr

en
t

ov
er

a
w

id
e

4.
5

V
to

16
V

op
er

at
in

g

in
pu

t
ra

n
g
e

[2
1.

T
he

M
P

86
90

5
co

m
p
ri

se
s

a
si

ng
le

di
e

w
ith

M
P

95
02

di
e

m
ar

ki
ng

s,
w

hi
ch

ar
e

en
ca

p
su

la
te

d

in
a

23
-p

in
fl

ip
-c

hi
p

qu
ad

-f
la

t-
no

-l
ea

d
(F

C
-Q

F
N

)
p

ac
k

ag
e

w
ith

lik
el

y
co

p
p

er
(C

u)
bu

m
pi

ng

di
re

ct
ly

to
th

e
le

ad
fr

am
e.

T
he

M
P

95
02

di
e

su
b
st

ra
te

is
—

15
5

pm
th

ic
k

in
cl

ud
in

g
th

e
up

pe
r

ep
it

ax
y

la
ye

r
an

d
u
se

s

B
ip

ol
ar

-C
M

O
S

-D
M

O
S

(B
C

D
)

te
ch

no
lo

gy
.

It
fe

at
u
re

s
a

si
ng

le
la

ye
r

of
po

ly
si

li
co

n
in

th
e

an
al

yz
ed

re
gi

on
s,

th
re

e
al

um
in

um
(A

l)
m

et
al

la
ye

rs
,

tu
n

g
st

en
(W

)
co

n
ta

ct
s

an
d

vi
as

,
co

ba
lt

si
li

ci
de

(C
oS

i)
at

th
e

so
u
rc

e,
dr

ai
n,

an
d

po
ly

si
li

co
n

co
n
ta

ct
re

gi
on

s.
T

he
pr

e-
m

et
al

di
el

ec
tr

ic

(P
M

D
)

u
se

s
si

li
co

n
ox

id
e

(S
iO

)
la

ye
rs

,
w

hi
le

th
e

in
te

r-
m

et
al

di
el

ec
tr

ic
(I

M
D

)
la

ye
rs

u
se

s

ox
id

e
as

w
el

l.
Is

ol
at

io
n

st
ru

ct
u

re
s

in
cl

ud
e

sh
al

lo
w

tr
en

ch
is

ol
at

io
n

(S
T

I)
in

th
e

lo
gi

c
re

gi
on

.

•
O

ne
gr

ou
p

of
hi

gh
si

de
M

O
S

F
E

T
(H

S
F

E
T

)
ar

ra
y

an
d

tw
o

g
ro

u
p
s

of
lo

w
si

de
M

O
S

F
E

T

(L
S

F
E

T
)

ar
ra

y
ar

e
u

se
d

on
th

e
di

e.
T

he
st

ru
ct

u
re

an
d

d
o
p
an

ts
of

th
e

H
S

/L
S

F
E

T
ar

ra
y
s

ar
e

an
al

yz
ed

.
D

op
an

t
an

al
y
si

s
in

th
e

H
S

/L
S

F
E

T
ar

ra
y

re
gi

on
sh

o
w

s
th

e
u

se
of

a
P

-t
yp

e

su
b

st
ra

te
,

an
N

-t
yp

e
bu

ri
ed

la
ye

r
(N

B
L

),
a

N
-d

ri
W

N
-w

el
I

la
ye

r
an

d
a

P
-w

el
l

la
ye

r.

T
he

st
ep

p
ed

-g
at

e-
o

x
id

e
(S

G
O

)
is

u
se

d
in

th
e

L
D

M
O

S
d

ev
ic

es
on

th
is

di
e.

T
he

u
se

of
S

G
O

al
lo

w
s

a
re

du
ct

io
n

of
o

n
-r

es
is

ta
n

ce
(R

on
)

co
m

p
ar

ed
w

ith
th

e
co

nv
en

ti
on

al
ST

I
L

D
M

O
S

[3
].

T
he

H
S

F
E

T
is

ar
ra

n
g

ed
in

a
o
n
e-

d
im

en
si

o
n
al

(1
D

)
ar

ra
y

w
ith

a
—

4.
0

pm
dr

ai
n-

to
-d

ra
in

pi
tc

h

an
d

—
0.

66
pm

to
ta

l
po

ly
si

li
co

n
g

at
e

le
ng

th
,

w
hi

le
th

e
L

S
F

E
T

is
ar

ra
n
g
ed

w
ith

—
3.

4
pm

dr
ai

n-
to

-d
ra

in
pi

tc
h

an
d

—
0.

60
pm

to
ta

l
po

ly
si

li
co

n
g
at

e
le

ng
th

in
to

ta
l.

In
th

e
lo

gi
c

re
gi

on
,

th
e

m
in

im
um

o
b
se

rv
ed

g
at

e
le

ng
th

is
0.

40
pm

on
a

0.
86

pm
co

n
ta

ct
ed

g
at

e
pi

tc
h,

in
di

ca
ti

ng
th

e
u

se
of

lik
el

y
0.

18
pm

p
ro

ce
ss

g
en

er
at

io
n

w
ith

re
la

xe
d

fe
at

u
re

di
m

en
si

on
s.

M
an

u
fa

ct
u

re
r

M
on

ol
it

hi
c

P
ow

er
S

y
st

em
s

P
ar

t
n

u
m

b
er

M
P

86
90

5

F
o
u
n
d
ry

U
nk

no
w

n

T
yp

e
PM

IC

D
at

e
co

d
e

H
39

(w
ee

k
39

of
20

17
)

P
ac

k
ag

e
ty

p
e

23
-p

in
F

C
-Q

F
N

M
P

S
H

39
P

ac
k

ag
e

m
ar

k
in

g
s

M
86

90
5

54
U

40
3

3.
97

m
m

x
3.

97
m

m
x

0.
88

m
m

P
ac

k
ag

e
d
im

en
si

o
n
s

(t
hi

ck
)

M
P

95
02

20
13

D
ie

m
ar

k
in

g
s

<
M

P
S

lo
go

>

D
ie

si
ze

(w
ho

le
di

e)
3.

38
m

m
x

3.
14

m
m

(1
0.

61
m

m
2)

D
ie

si
ze

(e
d

g
e

se
al

)
3.

36
m

m
x

3.
12

m
m

(1
0.

48
m

m
2)

M
in

im
um

m
ea

su
re

d
tr

an
si

st
o
r

0.
40

pm
/0

.8
6

pm
g

at
e

le
n
g
th

!p
it

ch

L
ik

el
y

0.
18

pm
p
ro

ce
ss

P
ro

ce
ss

g
en

er
at

io
n

g
en

er
at

io
n

w
ith

re
la

xe
d

fe
at

u
re

di
m

en
si

on
s

F
ea

tu
re

m
ea

su
re

d
to

d
et

er
m

in
e

C
o
n
ta

ct
ed

g
at

e
pi

tc
h,

u
se

of
C

oS
i

p
ro

ce
ss

g
en

er
at

io
n

co
nt

ac
ts

,
ST

I
is

ol
at

io
n

M
ax

im
um

v
o

lt
ag

e
[2

]
18

V

T
ec

h
In

si
gh

ts
5

AH
co

nt
en

t
20

22
T

ec
h

n
sg

h
ts

In
c

Al
l

ng
ht

s
re

se
ro

ed

Greenthread Ex. 2026, p. 214 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Pi
le

d
05

/2
6/

23
P

ag
e

76
of

12
1

P
ag

el
D

#:
21

5

O
b
se

rv
ed

C
ri

ti
ca

l
D

im
en

si
o
n
s

—
C

M
O

SI
L

D
M

O
S

F
ea

tu
re

M
at

er
ia

l
C

o
m

p
o

si
ti

o
n

D
im

en
si

on
(p

m
)

G
at

e
le

ng
th

Po
ly

si
lic

on
0.

40

C
on

ta
ct

ed
ga

te
pi

tc
h

—
0.

86

S
W

S
w

id
th

s
Si

D
/S

1N
15

nm
/7

0
nm

Po
ly

si
lic

on
th

ic
kn

es
s

Si
0.

18

ST
I

de
pt

h
Si

D
0.

36

F
ea

tu
re

M
at

er
ia

l
C

o
m

p
o
si

ti
o
n

D
im

en
si

on
(p

m
)

C
el

l
pi

tc
h

—
4.

0/
3.

4
(H

S/
L

S)

C
ha

nn
el

le
ng

th
—

—
0.

17

Po
ly

si
lic

on
th

ic
kn

es
s

Si
0.

18

Po
ly

si
lic

on
w

id
th

Si
0.

66
/0

.6
0

(H
S/

L
S)

G
at

e
di

el
ec

tr
ic

th
ic

kn
es

s
Si

D
8.

5
nm

S
W

S
w

id
th

s
Si

O
/S

iN
15

nm
I7

O
nm

C
E

SL
th

ic
kn

es
s

Si
N

33
nm

G
at

e
an

d
co

nt
ac

t
si

lic
id

e
de

pt
h

C
oS

i
30

nm

S
G

D
th

ic
kn

es
s

Si
D

40
nm

N
S/

D
de

pt
h

—
0.

20

N
-w

el
l/N

-d
ri

ft
de

pt
h

—
1.

2

P-
w

el
l

de
pt

h
—

2.
1

P
-b

od
y

de
pt

h
—

1.
3

C
M

O
S

O
u
tp

u
t

C
h
an

n
el

L
D

M
O

S

T
ec

h
In

si
gh

ts
6

A
co

n
te

,t
(c)

20
22

T
ec

h
in

sg
h
ts

In
c

AP
I

ng
ht

s
re

se
rv

ed

Greenthread Ex. 2026, p. 215 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
F

il
ed

0
5

/2
6

/2
3

P
ag

e
77

of
12

1
P

ag
el

D
#:

21
6

O
b
se

rv
ed

C
ri

ti
ca

l
D

im
en

si
o
n
s

—
M

et
al

sl
D

ie
le

ct
ri

cs

L
ay

er
M

at
er

ia
l

C
o

m
p

o
si

ti
o

n
T

h
ic

k
n
es

s
(p

m
)

P
as

si
va

ti
on

S1
N

/S
iO

0
7
5
/0

8
0

M
D

2
S

iO
1

.4
0

(p
la

na
ri

ze
d)

M
D

I
Si

C
1.

40
(p

la
na

ri
ze

d)

PM
D

(P
M

D
2,

PM
D

1)
Si

C
0.

40
/0

.2
0

(p
la

na
ri

ze
d)

M
3

T
iN

/A
l/T

iN
0
.0

6
/0

.8
4

/0
.0

5

M
2

T
iN

/A
l/T

IN
0
.0

6
/0

.4
5
/0

.0
5

M
l

Ti
N

/A
l/T

iN
0.

06
/0

.4
5/

0.
05

D
ie

(t
ot

al
)

—
16

1

T
ec

h
7

AH
co

nt
er

ri
©

20
22

T
ec

h
In

sg
h

ts
In

c
Af

l
og

ht
s

re
se

rv
ed

If
lS

I
h

ts

Greenthread Ex. 2026, p. 216 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

78
of

12
1

P
ag

el
D

#:
21

7

M
P

86
90

5
P

ac
k

ag
e

P
h

o
to

g
ra

p
h

s

P
ac

k
ag

e
m

ar
ki

ng
s

in
cl

ud
e:

M
P

S
H

39
M

86
90

5
54

U
40

3

23
-p

in
FC

-Q
FN

pa
ge

di
m

en
si

on
s:

3.
97

m
m

x
3.

97
m

m
x

0.
88

m
m

(t
hi

ck
)

D
et

ai
le

d
pi

n
de

sc
ri

pt
io

ns
ar

e
pr

es
en

te
d

on
th

e
ne

xt
tw

o
pa

ge
s.

M
P

8
6
9
0
5
G

R
-P

P
k
g
T

o
p
3
9
4

7
4

7
p

n
g

P
ac

k
ag

e
—

T
op

M
P

8
6
9
0
5
G

R
-P

P
k
g
B

o
t3

9
4
7
4
7
.p

n
g

P
ac

k
ag

e
—

B
ot

to
m

T
ec

h
In

si
gh

ts

3.
97

m
m

1
2

8
A

ll
co

nt
en

t
©

20
22

T
ec

hl
ns

ig
hl

s
In

c
Al

l
rig

ht
s

re
se

ro
ed

Greenthread Ex. 2026, p. 217 of 260 
MPS v. Greenthread 

IPR2024-00550



(0

-a coa0’)
0

a
CD
(I)
0

-g
0
D
C,,

C) CD
-o

C)

C)
E“<

(

CDC
CDVøZ

0
C-)
C

CD
C

1]

CD
a.
C(3

r”)

-U

CD
CD

(0
C

-U -U
CD C)
CD

x
OD

C,)

-I

U)

-c0’
G)
(0
a

0

I-U
x

a.
CD
cc
(,•)
(0

—1

Greenthread Ex. 2026, p. 218 of 260 
MPS v. Greenthread 

IPR2024-00550



0,

c’J

U

0,

(N

0

ci)
0)
cci
0

c)
(N
(C
(N
Lfl
C

ci)

U

0,

C
ci)
E
0
C-)
0
U

z
D
QC)

N

C
C
>
(I)

Ca)
(N

ci)
(1)
cci
C)

‘a)

(n
I

a)

a)

-C

F-

‘N

0

-C

(N

U)

0
4-.

C.,
(I)

0
‘I-.
C.)

U

0

z
C,
a

(N

E
I

.

‘a) C.)
C) 0

0

Cl)

.9-
0
Cl)
G)

-c
I

E

-

C-)
0

L()
0

Co
0

z
>

Co

>

C,
>

C,
a
>

0
z Z
‘a) )- 2)0

a)

C

Greenthread Ex. 2026, p. 219 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

81
of

12
1

P
ag

el
D

#:
22

0

M
P

95
02

D
ie

P
h
o
to

g
ra

p
h

an
d

D
ie

M
ar

k
in

g
s

D
ie

si
ze

:
3.

38
m

m
x

3.
14

m
m

(1
0.

61
m

m
2)

(w
ho

le
di

e)
3.

36
m

m
x

3.
12

m
m

(1
0.

48
m

m
2)

(e
d
g
e

se
al

)

T
he

di
e

S
E

M
an

d
S

C
M

/s
M

IM
-C

cr
o
ss

-s
ec

ti
o
n

lin
e

(A
-A

),
T

E
M

cr
o
ss

-s
ec

ti
o
n

re
gi

on
,

an
d

an
ad

di
ti

on
al

S
E

M
cr

o
ss

-s
ec

ti
o
n

lin
e

(B
-B

)
ar

e
an

n
o

ta
te

d
.

M
8
S

9
O

8
M

P
9
5
O

2
3
4
5
7
8
3
Q

ri
en

ed
on

a

D
ie

P
h

o
to

g
ra

p
h

M
8
6
9
Q

8
M

P
9
5
O

2
3
4
5

7
8
3

D
eM

k
pn

g

D
ie

M
ar

ki
ng

s

T
ec

h
In

si
gh

ts
11

AN
c
o
n
te

n
t

ct
20

22
T

ec
hl

ns
iq

ht
s

nc
AN

ng
ht

s
re

se
ro

ed

Greenthread Ex. 2026, p. 220 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

F
e
d

05
/2

6/
23

P
ag

e
82

of
12

1
P

ag
el

D
#:

22
1

M
P

95
02

D
ie

U
pp

er
C

o
rn

er
s

•
T

he
sc

ri
be

la
ne

m
ea

su
re

s
—

12
pm

w
id

e
al

l
ar

ou
nd

th
e

di
e.

•
T

he
co

nt
ro

l
ci

rc
ui

t
is

at
th

e
to

p
po

rt
io

n
of

th
e

di
e.

:
-

,—

-t

—

.
r
.

lii
.

r:
—

—
i

r
‘c-

’
—

—
—

i
I

-

Ii
j
i

—
—

—
—

-
—

,
—

-
-
.—
r
-

_
_
_
_
_
_

•
M

86
9O

8_
M

P
95

O
23

45
78

3_
D

ie
C

om
er

B
pn

g

T
ec

h
In

si
gh

ts

M
8
6
9
O

8
M

P
9
5
D

2
3
4
5
7
8
3
D

eC
o
rn

er
A

pn
g

1 2
AN

co
nt

e,
t

20
22

T
ec

h
In

sg
fl

s
In

c
A

ll
rQ

tS
re

s
e
rn

e

Greenthread Ex. 2026, p. 221 of 260 
MPS v. Greenthread 

IPR2024-00550



C’)
C’)
C’)

U
a)

0

C’)

C
(Y)

cXD
a)
C)
ct
I2

C’)
C’)
(0
C’)
(0
C

a)

U

C
a)
E
C
C)
0
U

z
D
0)

LI)
C
0
>
C)

C’)
C’)

a)
U)

C-)

-C

0
C
0

0
0

0

0
.0
a)
.0

0

2cr
=ca

C’)UJ
U
Cl)

U)uJ
U

rC/)
Co

a)

- Cl)

(I)
G)
C
Li.

0
C-)
Li.

G)

0
-J
0)

C4
0

0,
0

0

0

Greenthread Ex. 2026, p. 222 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
61

23
P

ag
e

84
of

12
1

P
ag

el
D

#:
22

3
M

P
95

02
M

O
S

F
E

T
D

ie
R

D
L

C
o
n
ta

ct
s

S
ou

rc
e/

dr
ai

n
(S

ID
)

gr
ou

ps
of

pa
ss

iv
at

io
n

op
en

in
gs

ar
e

sh
ow

n
w

ith
th

e
re

m
ov

ed
re

di
st

ri
bu

ti
on

la
ye

r
(R

D
L

)
co

nt
ac

ts
w

hi
ch

ar
e

m
ad

e
th

ro
ug

h
pa

ss
iv

at
io

n

op
en

in
gs

.

S/
D

gr
ou

ps
of

pa
ss

iv
at

io
n

op
en

in
gs

ha
ve

a
sp

ac
in

g
of

33
pm

on
a

20
0

pm
pi

tc
h

in
th

e
ho

ri
zo

nt
al

di
re

ct
io

n.
-

SI
D

pa
ss

iv
at

io
n

op
en

in
gs

ha
ve

be
en

pl
ac

ed
ho

ri
zo

nt
al

ly
w

ith
ve

rt
ic

al
ly

m
in

im
al

7.
8

pm
sp

ac
in

g
an

d
3.

4
pm

w
id

e
w

in
do

w
.

T
ec

h
In

si
gh

ts

M
8
6
9
O

8
M

P
9
5
O

2
3
4
5
7
8
3
_
B

o
n
d
P

ad
sp

n
g

14
AH

co
nt

en
t

cn
20

22
T

ec
hl

ns
pg

ht
s

1n
c

II
og

ht
s

re
se

rv
ed

Greenthread Ex. 2026, p. 223 of 260 
MPS v. Greenthread 

IPR2024-00550



Cu

0)
4-’
cu
0
0)

4-’

CU

0.
CU

0
4-I

0

0
0)

0

0)
0

‘I)

cl)
2
C)
0

.0

‘a)
> _0
a) —
— c

030)
03:3

• 0)
.0

Cl) —

0

U) N
- t:
0)

U) c
Co -

Co0a)
C-)

- ca
U)

0) •

a) a)
.0 .0

H

If)
r

Greenthread Ex. 2026, p. 224 of 260 
MPS v. Greenthread 

IPR2024-00550



U)

Cl) 4.’

-co
Cl) U—

(N

cU

3- 0‘-I

‘4—o I
C)

0)

3-

Cl)C’,

(D I
Cl)
Cl)
0

‘-I

S C.)
o

z
D

—‘—
Lf) I
0 C.)C-)

C:\J

I

Cl)

a)
0

(0

Greenthread Ex. 2026, p. 225 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

P
il

ed
05

/2
6/

23
P

ag
e

87
of

12
1

P
ag

el
D

#:
22

6

M
P

95
02

D
ie

S
tr

u
ct

u
ra

l
O

v
er

v
ie

w

•
T

he
Si

di
e

su
b
st

ra
te

is
—

15
5

pm
th

ic
k

in
cl

ud
in

g
th

e
u
p
p
er

ep
it

ax
y

la
ye

r
an

d
—

16
1

pm
th

ic
k

in
to

ta
l.

a
T

he
di

e
co

m
p
ri

se
s

th
re

e
A

l
m

et
al

li
za

ti
on

la
ye

rs
w

ith
W

vi
as

an
d

co
n
ta

ct
s.

T
he

cr
ac

k
st

op
at

th
e

di
e

ed
g
e

ex
te

n
d
s

th
ro

ug
h

th
e

pa
ss

iv
at

io
n

in
to

IM
D

2.

B
ot

h
IM

D
2

an
d

IM
D

1
ar

e
—

1.
40

pm
th

ic
k

in
th

e
S

E
M

sa
m

pl
e.

D
ie

T
hi

ck
ne

ss
01

4
0
0
9
7
3
p
n
g

D
ie

E
dg

e
—

SE
M

C
ro

ss
-S

ec
ti

o
n

A
-A

D
e

E
dg

e_
02

_4
00

97
3

pn
g

S
tr

u
ct

u
ra

l
O

ve
rv

ie
w

at
th

e
E

dg
e

S
ea

l
—

SE
M

C
ro

ss
-S

ec
ti

o
n

A
-A

T
ec

h
in

si
g
h
ts

17
A

ll
co

n
te

n
t
)

2
0
2
2

T
e
c
h
In

sg
0
ts

In
c.

A
ll

og
ht

s
re

se
o
e
d

Greenthread Ex. 2026, p. 226 of 260 
MPS v. Greenthread 

IPR2024-00550



(N
(N

U

ci)
a
(N

0

ci-)
a,
ci)
a
c)
(N
(D
(N
U)
C

ci)

U

op

a
ci)
E
C-)
0

(N

ci)

C-)

0
C.)
W

C%J
0
L()
0)
0

(N
(‘3
>
•0
a
(‘3

>
(1)
(‘3

()
a
U)

C
0

ci)
N

(‘3
ci)
E
ci)
>
0)

-C

-C

-o
ci)
C

-C
0
C
a)

ci)
>
ci)

-C

ci)
>
0

ci)
E

ci)
>
ci)

Ci)
0)
E
ci)
a
a
a

ci)
E

C
0
0
ci)

-C

-D
0)
E
0
9-

U)

(‘3
>
ci)

CD

0
U
ci)

U)
U)
0
I-.

C-)

w

>
ci)

CD

0
4-.
C.)
ci)

U,
U)
0
I

Ci

LU

U,
Ca

>

C
Ca

-4-.
C.)
Ca
4-.
C
0

C.)
a)
-a

I-c
U-.

Greenthread Ex. 2026, p. 227 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

F
il

ed
05

/2
6/

23
P

ag
e

89
of

12
1

P
ag

el
D

#:
22

8

M
P

95
02

D
ie

P
as

si
v
at

io
n
,

M
et

al
3,

an
d

IM
D

2

T
he

pa
ss

iv
at

io
n

co
m

p
ri

se
s

an
—

0.
80

pm
th

ic
k

S
iC

an
d

an
—

0.
75

pm
th

ic
k

Si
N

.

-
M

et
al

3
co

m
p
ri

se
s

of
an

—
0.

84
pm

th
ic

k
A

l
la

ye
r,

w
ith

an
—

0.
05

pm
th

ic
k

bo
tt

om
Ti

N
lin

er
,

an
d

—
0.

06
pm

th
ic

k
to

p
Ti

N
lin

er
.

-
T

he
IM

D
2

la
ye

r
co

m
p
ri

se
s

of
an

—
1.

4
pm

th
ic

k
ox

id
e.

20
22

03
29

15
41

70
00

x_
40

02
82

pn
g

P
as

si
v
at

io
n

an
d

M
et

al
3

—
T

E
M

C
ro

ss
-S

ec
ti

o
n

G
en

er
al

S
tr

uc
tu

re
_4

0_
40

09
73

pn
g

IM
D

2
D

et
ai

ls
—

SE
M

C
ro

ss
-S

ec
ti

o
n

A
-A

T
ec

h
In

si
gh

ts
1

9
Al

l
co

nt
en

t
c-

20
22

1
ec

n
ln

sg
h
ts

In
c

A
ll

ng
ht

s
re

se
tn

ed

Greenthread Ex. 2026, p. 228 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

90
of

12
1

P
ag

el
D

#:
22

9

M
P

95
02

D
ie

M
et

al
2

an
d

IM
D

I
M

et
al

2
co

m
pr

is
es

of
an

—
0.

45
pm

th
ic

k
A

l
la

ye
r,

w
ith

an
—

0.
05

pm
th

ic
k

bo
tt

om
Ti

N
lin

er
an

d
—

0.
06

pm
th

ic
k

to
p

Ti
N

lin
er

.
T

he
IM

D
1

la
ye

r
co

m
pr

is
es

of
an

—
1.

40
pm

th
ic

k
ox

id
e.

T
he

vi
as

an
d

co
nt

ac
ts

co
m

pr
is

e
W

an
d

ha
ve

a
Ti

N
lin

er
.

T
he

vi
as

pa
rt

ia
lly

pe
ne

tr
at

e
in

to
th

e
to

p
Ti

N
lin

er
of

th
e

m
et

al
la

ye
r

be
lo

w
.

20
22

03
29

15
44

11
00

0
x_

40
02

82
pr

ig

M
et

al
2

an
d

IM
D

I
—

T
E

M
C

ro
ss

-S
ec

ti
o
n

G
en

er
a’

S
tr

uc
tu

re
42

4
0
0
9
7
3
p
n
g

M
et

al
2

an
d

IM
D

I
—

SE
M

C
ro

ss
-S

ec
ti

o
n

A
-A

T
ec

h
In

si
gh

ts
20

A
ll

co
nt

en
t

20
22

T
ec

hl
ns

ig
ht

s
In

c
A

ll
ng

ht
s

re
se

rs
ed

Greenthread Ex. 2026, p. 229 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1
8

Pi
le

d
05

/2
6/

23
P

ag
e

91
of

12
1

P
ag

el
D

#:
23

0

M
P

95
02

D
ie

M
et

al
I

an
d

F
E

O
L

S
tr

u
ct

u
re

s

M
et

al
1

co
m

pr
is

es
an

-0
.0

6
pm

th
ic

k
to

p
TI

N
lin

er
,

an
—

0.
45

pm
th

ic
k

A
l

la
ye

r,
an

d
bo

tt
om

lin
er

s
co

m
pr

is
in

g
—

0.
05

pm
th

ic
k

TI
N

la
ye

rs
.

T
he

PM
D

co
m

pr
is

es
an

—
0.

4
pm

th
ic

k
ox

id
e

PM
D

2
la

ye
r

an
d

an
—

0.
2

pm
th

ic
k

ox
id

e
PM

D
1

la
ye

r.

a
T

he
S/

D
co

nt
ac

t
is

—
0.

16
pm

w
id

e
at

th
e

bo
tt

om
.

T
he

so
ur

ce
,

dr
ai

n,
an

d
po

ly
si

lic
on

co
nt

ac
t

re
gi

on
s

us
e

an
—

30
nm

th
ic

k
C

oS
i

la
ye

r.

•
T

he
ga

te
po

ly
si

lic
on

la
ye

r
is

—
18

0
nm

th
ic

k,
in

cl
ud

in
g

—
30

nm
th

ic
k

C
oS

i
la

ye
r.

T
he

si
de

w
al

l
sp

ac
er

(S
W

S
)

co
m

pr
is

es
a

15
nm

L
-s

ha
pe

d
Si

O
la

ye
r,

a
70

nm
D

-s
ha

pe
d

Si
N

la
ye

r.

C
ES

L
SN

33
j

.
S

.O
N

2
6

w
4

.

1
5
n
,T

1

SW
SS

,N

_
_
_
_
_
_
_
_
_

I5
O

n
.t

e
p
y
S

,
7O

nn

S
N

2
2
n
m

f
l 4

—

20
22

03
29

15
55

22
50

0
x

40
02

82
pn

g
20

22
03

29
16

02
94

D
00

x
0
0
0
1
4
0
0
2
8
2

pn
g

M
et

al
I

an
d

PM
D

—
T

E
M

C
ro

ss
-S

ec
ti

o
n

H
SI

L
S

FE
T

G
at

e
S

W
S

—
T

E
M

C
ro

ss
-S

ec
ti

o
n

T
ec

h
In

si
gh

ts
21

A
ll

c
o
n
te

t
©

20
22

T
ec

hl
ns

©
ht

s
In

c
Al

l
n

g
h

ts
re

se
rv

ed

Greenthread Ex. 2026, p. 230 of 260 
MPS v. Greenthread 

IPR2024-00550



>
Co
I.

Co

uJ
U-
Cl)
-J

Cl)
I

(0

C.)

(-)

U)
-c

a)

ci)
ci)

a)

c
0

Co
0
U)

U)
Co
-c
a-
a)
0

E

(0
C’,

I
-c

U)
a)

C.)
D

Li)

I—
Cl)

C
0

CO
0
(I,

-c
C-)
C
a)

0

Co
-C
U)

0
(I)
U)
>..
0
a
E
a)
ci)
0
C”)
0
C))
0)
0

ci)
-C
I—

C
0

1.)
a)

(ci
(I,
0
L.

C.)

w
C,)

I
U)

C’)
C—’)

0
U)
a)
Cci
I2
‘-I
C’)
-l

0
C’)
0)

0)
Cci
ci

C’)
C’)
(0
C’)
If)
a)
0
ci)

U

ci
0
0

<C.)z
D
d L
N-
If)

8
9

C’)
C’)

ci)
C,)
Cci

C) —

0
-

G)

C1
0
L()
0)
0

U)

-

I-.!

©

(N
C-’)

Greenthread Ex. 2026, p. 231 of 260 
MPS v. Greenthread 

IPR2024-00550



U)

M4U)

I
I

I
G)
0

a,

Greenthread Ex. 2026, p. 232 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Pi
le

d
05

/2
6/

23
P

ag
e

94
of

12
1

P
ag

el
D

#:
23

3

M
P

95
02

D
ie

L
og

ic
T

ra
n
si

st
o
rs

A
m

in
im

um
tr

an
si

st
or

ga
te

le
ng

th
of

0.
40

pm
is

ob
se

rv
ed

in
th

e
lo

gi
c

tr
an

si
st

or
s,

th
e

m
in

im
um

ob
se

rv
ed

co
nt

ac
te

d
ga

te
pi

tc
h

is
—

0.
86

pm
,

an
d

C
oS

i
is

us
ed

as
ga

te
su

ic
id

e.
T

h
es

e
m

ea
su

re
m

en
ts

ar
e

in
di

ca
ti

ve
of

a
lik

el
y

re
la

xe
d

0.
18

pm
pr

oc
es

s.

M
in

im
um

O
b
se

rv
ed

G
at

e
L

en
gt

h
an

d
C

o
n
ta

ct
ed

G
at

e
P

it
ch

—

SE
M

C
ro

ss
-S

ec
ti

o
n

A
-A

M
in

im
um

O
b
se

rv
ed

G
at

e
L

en
gt

h
—

SE
M

P
la

n
V

ie
w

at
th

e
G

at
e

L
ev

el

T
ec

h
In

si
gh

ts

T
ra

n
ss

to
rs

1
l4

0
0
9
7
3
p
n
g

P
er

ip
h
eP

o
ly

_
5
K

4
4
_
4
O

O
9
7
4

pn
g

24
A

ll
co

nt
en

t
@

20
22

T
ec

h
ln

sg
fl

ts
In

c
A

ll
og

ht
s

re
se

rv
ed

Greenthread Ex. 2026, p. 233 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

F
il

ed
05

/2
6/

23
P

ag
e

95
of

12
1

P
ag

el
D

#:
23

4

M
P

95
02

D
ie

P
er

ip
h
er

y
D

ev
ic

es

O
b
se

rv
ed

pe
ri

ph
er

y
d
ev

ic
es

o
b
se

rv
ed

in
cl

ud
e

B
JT

s
(n

ot
an

al
yz

ed
),

po
ly

si
li

co
n

re
si

st
or

s,
an

d
po

ly
si

li
co

n
M

O
S

ca
p
ac

it
o
rs

.

E
xa

m
pl

es
of

po
ly

si
li

co
n

re
si

st
o
rs

an
d

ca
p
ac

it
o
rs

o
b
se

rv
ed

ar
e

sh
ow

n
be

lo
w

.

T
ec

h
In

si
gh

ts

G
en

er
al

S
tr

u
ct

u
re

_
2
0

4
0
1
1
8
4

pn
g

P
ol

ys
il

ic
on

R
es

is
to

rs
—

SE
M

C
ro

ss
-S

ec
ti

o
n

B
-B

G
en

er
al

S
tr

u
ct

u
re

_
2
6
_
4
0
1

1
8
4
p
n
g

P
ol

ys
il

ic
on

C
ap

ac
it

o
rs

—
SE

M
C

ro
ss

-S
ec

ti
o
n

B
-B

2
5

A
I

cn
fe

n
t

c
20

22
T

e
c
e
sQ

h
fs

nc
A

ll
ng

ht
s

re
se

rn
ed

Greenthread Ex. 2026, p. 234 of 260 
MPS v. Greenthread 

IPR2024-00550



U,

-c
U—

10cy)
c.’J

Cl)

Greenthread Ex. 2026, p. 235 of 260 
MPS v. Greenthread 

IPR2024-00550



-o
a)
-c

0

0
-t
0
0

a)

0

-c

a)
-o
a)

C

Cu

a)

U)
>

I—uJ
U-
U)
0

ci)

0

Cl)
-J

a)
-o
U)

0

0

-o

>

I—
UJ
U-
C’)
0

ci)

0
0

ci)
I
a)
-o
U)

0)

a)
C
0

U)
+1

F

(0

C-’)

0
a)
0)
(ci
a

C’)

C—
0)
a)
0)
cci
a

C’,

(0
C”)
U,o
-o
a)

U

cci

0

z i..
D

C
C
>
()

C’,
C’)

a)
(n
Cci
0

C’)
I
a)

C4
0
L()

0

G)
>
a)

£0

LU
Cfj

U)

L.
L..

4
I
LU
LL

U)
-J

U)

a)
>
a)

£0

C.)
-4-,

0

Co
>‘

I
I

4
I
LU
Li

U)
-J

C’)

Greenthread Ex. 2026, p. 236 of 260 
MPS v. Greenthread 

IPR2024-00550



-D
CD
01
0
N)

I
Cl)
-n
m
-I

C)

r’.i

©
C

H

CD

I
C’)

I
C,)
-n
m
-I

-I
-I

C,)
m

-u

CD

CD

CD

I
CD

CD

I
C,)
-n
m
—I

Cl)
m

-o

CD

CD

C)

CD
I
CD

CD

-1--i

oCD
CoI
CI)

-m

on) -.,-,

C1)

m

-,Li)

cn
0

CDID

0

J

a)
ID-.

a)ci

00

‘<

:3-

0
CD

a

:3

0
a
a)

-D

0
:3-
0

()

:3-
CD
I
CI)
T]
In
-1
a)

a)

C)
C’)
CD

CD)

C-)

C
01
—4
(.0

C
z

0
0
C

CD
:3

C

-n
CD
a
0
C)]

0)

CD)

-u
cC)
(a
CD

(0
C
0

I—i
C”)
I—
-tJ
cC)
(a
CD

31:

(CD)

-.4

Greenthread Ex. 2026, p. 237 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

R
Ie

d
05

/2
6/

23
P

ag
e

99
of

12
1

P
ag

el
D

#:
23

8

M
P

95
02

D
ie

H
S

F
E

T
A

rr
ay

E
d
g
e

—
P

-
an

d
N

-T
yp

e
R

eg
io

n
s

N
ot

e:
S

C
M

im
ag

in
g

(l
ef

t)
is

se
ns

it
iv

e
to

d
o
p
an

t
ty

pe
,

w
ith

N
-t

yp
e

m
at

er
ia

l
gi

vi
ng

a
ne

ga
ti

ve
(y

el
lo

w
)

re
sp

o
n
se

an
d

P
-t

yp
e

m
at

er
ia

l
gi

vi
ng

a
po

si
ti

ve
(b

lu
e)

re
sp

o
n
se

.
sM

IM
im

ag
in

g
(r

ig
ht

)
is

se
ns

it
iv

e
to

th
e

d
o
p
an

t
co

n
ce

n
tr

at
io

n
le

ve
l,

w
ith

g
re

at
er

si
gn

al
(b

ri
gh

te
r)

co
rr

es
p
o
n
d
in

g
to

a
hi

gh
er

d
o
p
an

t
le

ve
l,

re
g
ar

d
le

ss
of

co
nd

uc
ti

vi
ty

ty
pe

.

A
t

th
e

bo
tt

om
ed

g
e

of
th

e
H

S
F

E
T

ar
ra

y,
a

na
rr

ow
N

-w
el

l
in

th
e

P
-t

yp
e

is
ol

at
io

n
re

gi
on

is
o
b
se

rv
ed

.

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

P
-t

yp
e

do
pi

ng

u
n
d
o
p
ed

/
hi

gh
ly

do
pe

d

lo
w

er
d
o
p
an

t
n
c
e
n
tr

a
ti

o
n

P-
bc

xl
y

N
-d

rif
t

an
d

N
.w

el
lH

P-
bo

dy

_
_
_
_
_
_
_
_
_

—

N
-d

rif
t

an
d

N.
we

ll_
1

P-
bo

dy —

P-
w

el
l/P

-t
yp

e
is

ol
ah

on
re

go
n

bc
(t

om
ed

ge
of

H
SF

E
T

ar
ra

y

[a
gh

er
do

pa
nt

n
c
e
n
tr

a
ti

o

—
-
.
2
-

N
-w

e
-

—

P-
bo

dy

N
-d

rif
t

an
d

1/

P-
bo

dy

N
-d

rif
ta

nd
N

-w
et

—[
P-

bo
dy

4

P-
w

el
lf

P-
tv

pe
is

ol
af

lo
n

re
gi

on
b
to

rn
ed

ge
of

t-I
SF

ET
ar

ra
y

N
-w

el
l

T
ec

hi
ns

ig
ht

s
dC

)d
V

P
ro

du
ct

20
0p

m

N
-t

yp
e

do
pi

ng

1
.-

rr
a
y
e
d
g
e
1
to

2
0
a
1

12
21

30
32

7
P

R
O

D
U

C
T

F
R

W
2
O

O
u_

51
2
2
4
0
0
9
7
4

pn
g

B
ot

to
m

E
dg

e
of

th
e

H
S

F
E

T
A

rr
ay

—
SC

M
B

ev
el

T
ec

hi
ns

ig
ht

s
sM

IM
C

20
0p

m
T

ec
h

A
rr

ay
_e

dg
e

1t
o2

04
11

22
1

30
32

7_
S

M
IM

C
_F

R
W

_2
0

O
u_

51
2
p
4
0
0
9
7
4
p
n
g

B
ot

to
m

E
dg

e
of

th
e

H
S

F
E

T
A

rr
ay

—
sM

IM
-C

B
ev

el T
ec

h
In

si
gh

ts
29

i
co

n
te

r,
t

20
22

T
ec

h
,n

s,
g

rO
s

In
c

A
fl

n
g

h
ts

re
se

rn
ea

.

Greenthread Ex. 2026, p. 238 of 260 
MPS v. Greenthread 

IPR2024-00550



cy)
c’J

C
a)
0,
(t
0

0
0
0
‘—I

0)
CT

C’)
CD

1))
0
-D
a,

LL

CD

0
a)
S
0
C-)
0
C

z
D
0)
N-
If)
0
0
>
(I)

C’-)
C’)

a)

C)

a)

a)
-J
a)

0
a)

4-.
4-.

a,
>
a,

LU
“I)

>%

i.
L.

I-
LU

Cl)
—j

a)
>
a)
-J
a)

4-.

0
a)

4-.
4-.

a)
>
a)

LU
C

>

I-
LU
LL
U)
-J

(n

H

0

0

0
C’-)

>

I—
UI
U
C’)
-J

0

E
0

N

a)
>0

0
00
C-) m

cv
(I)
>,
0 -

ci) Q

— C_)

> 0
(ci 0

I— o
Lu .

CI).0
_l ci)

9. C
0 Cci
C
0

‘-C’-)
a)

a) a)
C.) 0
ci) 0

0.0_c
0 —

0 -

a) .5

C/) 0
ci)
0) —

a) .0
>

Lu_c

>

I-J

0

0
0

>
I.

I
w
U
Cl)

C%J
0
L()
a)
0

Greenthread Ex. 2026, p. 239 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

F
il

ed
05

/2
6/

23
P

ag
e

10
1

of
12

1
P

ag
el

D
#:

24
0

M
P

95
02

D
ie

L
S

F
E

T
A

rr
ay

—
M

et
al

I
an

d
M

et
al

2
L

ev
el

s

•
S

E
M

be
ve

l
im

ag
es

be
lo

w
sh

ow
th

e
ce

n
te

r
re

gi
on

of
th

e
L

S
F

E
T

ar
ra

y
at

th
e

m
et

al
1

(M
l)

an
d

m
et

al
2

(M
2)

le
ve

l.

•
T

he
M

l
st

ri
ps

in
th

e
L

S
F

E
T

ar
ra

y
ar

ea
m

ea
su

re
1.

0
pm

w
ith

a
1.

7
pm

pi
tc

h,
M

2
st

ri
ps

m
ea

su
re

1.
5

pm
w

ith
a

3.
1

pm
pi

tc
h.

T
he

M
l

an
d

M
2

st
ri

ps
ar

e
pl

ac
ed

or
th

og
on

al
ly

w
ith

m
ul

ti
pl

e
ro

w
s

an
d

co
lu

m
ns

as
th

e
ca

se
of

SI
D

vi
as

1
an

d
2.

G
at

e
A

rr
ay

M
2

5K
_1

8
40

09
74

pn
g

L
S

F
E

T
A

rr
ay

—
SE

M
B

ev
el

at
th

e
M

2
L

ev
el

T
ec

h
In

si
gh

ts

G
at

e
A

rr
ay

_M
i

5
K

1
3_

40
09

74
pr

ig

L
S

F
E

T
A

rr
ay

—
SE

M
B

ev
el

at
th

e
M

l
L

ev
el

31
A

I
co

n
re

n
t

c
20

22
T

e
c
h
Is

ig
h
ic

nc
A

t
ri

g
h
ts

re
se

rv
ed

Greenthread Ex. 2026, p. 240 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Pi
le

d
05

/2
6/

23
P

ag
e

10
2

of
12

1
P

ag
el

D
#:

24
1

M
P

95
02

D
ie

L
S

F
E

T
A

rr
ay

—
P

-
an

d
N

-T
yp

e
R

eg
io

n
s

St
ri

p
do

pi
ng

re
gi

on
s

ca
n

be
se

en
al

on
g

th
e

le
ng

th
of

th
e

ar
ra

y.
T

he
N

-t
yp

e
so

ur
ce

re
gi

on
is

on
ly

vi
si

bl
e

at
th

e
ce

nt
er

-r
ig

ht
si

de
du

e
to

th
e

be
ve

l
an

gl
e.

It
is

m
or

e
ap

pa
re

nt
in

th
e

cr
os

s-
se

ct
io

na
l

an
al

ys
is

on
pa

ge
38

.

P
-t

yp
e

do
pi

ng
.4

—
N

*
dr

ai
n

N
-d

ef
t

—
,

N
-w

e

N
-d

rif
t
—

F

dr
ai

n
co

nt
ac

t
re

g
io

n

J
u
n
d
o
p
ed

i
hi

gh
ly

d
o
p
ed

s
o
u
rc

e
c
o

n
ta

c
t

re
g
io

n

N
-t

y
p
e

do
pi

ng

T
ec

h
6O

pm
T

ec
hi

ns
ig

ht
s

dC
/d

V
P

ro
du

ct

hi
gh

er
do

pa
nt

ar
nc

en
tr

at
io

r1

$o
w

er
do

pa
nt

an
ce

n
tr

at
io

A
rr

ay
_b

eI
ow

_p
oy

04
08

22
19

37
1

8_
P

R
O

D
U

C
T

F
R

W
_6

0
u
5
1

2p
40

09
74

. p
ng

L
S

F
E

T
A

rr
ay

—
SC

M
B

ev
el

T
ec

hl
ns

ig
ht

s
sM

IM
C

6O
pm

A
rr

n
y
_
b
eo

w
p
o
ly

_
0
4
0
8
2
2
1

93
71

8_
SM

IM
C

F
R

W
6
.0

u
_
5

12
p

40
09

74
pn

g

L
S

F
E

T
A

rr
ay

—
sM

IM
-C

B
ev

el

T
ec

h
In

si
gh

ts
32

A
ll

co
nt

en
t

©
20

22
T

ec
h
In

sg
h
ts

In
c.

A
ll

ng
ht

s
re

se
rv

ed

Greenthread Ex. 2026, p. 241 of 260 
MPS v. Greenthread 

IPR2024-00550



U,

IC

U—

Cl) —
• —

Cl)

-

-

0
0)
(‘5
0

C) C.)
a)L()

o

Cl)
I

Cl)
Cl)ci

0C-)
0
o

z C-)
Lf)
0
0

LiiC)

LL.

C,)

Cl)
I

c)
c)

Greenthread Ex. 2026, p. 242 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Pi
le

d
05

12
6/

23
P

ag
e

10
4

of
12

1
P

ag
el

D
#:

24
3

M
P

95
02

D
ie

H
S

F
E

T
A

rr
ay

E
d
g
e

SE
M

cr
os

s-
se

ct
io

ns
of

th
e

bo
tt

om
ed

ge
of

th
e

H
S

F
E

T
ar

ra
y

ar
e

sh
ow

n.
O

n
th

e
to

p
si

de
,

a
st

ar
ti

ng
so

ur
ce

co
nt

ac
t

is
fo

llo
w

ed
by

a
5.

1
pm

w
id

e
ST

I.
SI

D
pa

ss
iv

at
io

n
op

en
in

gs
ha

ve
a

3.
4

pm
w

id
e

w
in

do
w

.

G
en

er
al

S
tr

uc
tu

re
2
8
4
0
0
9
7
3

pn
g

T
op

E
dg

e
of

a
H

S
F

E
T

A
rr

ay
—

SE
M

C
ro

ss
-S

ec
ti

o
n

A
-A

T
ec

h
In

si
gh

ts
34

A
h

co
nt

en
t

©
20

22
T

ec
h
n
si

g
h
ts

In
c

A
ll

ri
gh

ts
re

se
rv

ed

Greenthread Ex. 2026, p. 243 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

l’
ile

d
05

/2
6/

23
P

ag
e

10
5

of
12

1
P

ag
el

D
#:

24
4

M
P

95
02

D
ie

H
S

F
E

T
A

rr
ay

E
d
g
e

—
P

-
an

d
N

-T
yp

e
R

eg
io

n
s

S
C

M
an

d
sM

lM
-C

an
al

ys
is

at
th

e
to

p
ed

g
e

re
gi

on
of

H
S

F
E

T
ar

ra
y

sh
ow

th
e

u
se

of
a

P
-t

yp
e

su
b
st

ra
te

,
N

-t
yp

e
bu

ri
ed

la
ye

r
(N

B
L

),
a

P
-w

el
l

la
ye

r,
lik

el
y

ep
it

ax
ia

l,

an
d

a
P

-w
el

lI
P

-t
yp

e
co

n
ta

ct
re

gi
on

b
et

w
ee

n
th

e
ou

tp
ut

ar
ra

ys
.

ti
g

h
er

do
pa

nt
co

nc
en

tr
at

io
n

d
o
p
e
d
l

hi
gh

ly
d
o
p
ed

b
w

er
do

pa
nt

co
nc

en
tr

at
io

n

re

P
ro

du
ct

2
O

O
m

T
ec

h
ln

si
g
h
ts

sM
IM

C
20

01
11

11

P
-t

yp
e

do
pi

ng

co
nt

ac
ts

to
df

uo
io

n
si

-I
ST

I
P

w
e
lP

ty
p
e
c
o
tl

L
tr

e
o
n

N
w

el
n
,P

b
y

H
SF

E
T

ar
ra

y

S
ep

ita
xy

N
-t

yp
e

bu
ri

ed
la

ye
r

P-
ty

pe
su

bs
tr

at
e

N
-t

yp
e

do
pi

ng

A
rr

a
y
E

d
g
e

en
d
ar

ra
y
l

0
4

0
5

2
2

1
9

0
6

0
5

P
R

O
D

U
C

T
F

R
W

20
0
u
_
5
i2

p
_
4
0
0
9
3
p
n
g

E
d
g
e

of
an

H
S

F
E

T
A

rr
ay

—
SC

M
C

ro
ss

-S
ec

ti
o
n

A
-A

A
rr

a
y
_
E

d
g
e
e
n
d
a
rr

a
y
lD

4
0
5
2
2
1
9
0
6
0
5
S

M
1
M

C
F

R
W

2
0

O
u
_
5
1
2

p
4
0

0
9
7
3

pn
g

E
dg

e
of

an
H

S
F

E
T

A
rr

ay
—

sM
IM

-C
C

ro
ss

-S
ec

ti
o
n

A
-A T
ec

h
In

sg
h
ts

35
A

ll
co

r,
te

nt
(0

2
0
2
2

T
c
h
ln

sg
h
ts

In
c

A
ll

ng
hl

s
re

se
rc

ec

Greenthread Ex. 2026, p. 244 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

10
6

of
12

1
P

ag
el

D
#:

24
5

M
P

95
02

D
ie

H
S

F
E

T
A

rr
ay

T
he

st
ep

pe
d-

ga
te

-o
xi

de
(S

G
O

)
ar

e
fa

br
ic

at
ed

on
th

is
di

e.
T

he
us

e
of

S
G

O
al

lo
w

s
a

re
du

ct
io

n
of

on
-r

es
is

ta
nc

e
(R

on
)

co
m

pa
re

d
w

ith
th

e
co

nv
en

ti
on

al
ST

I
L

D
M

O
S

[3
].

In
th

e
H

S
F

E
T

ar
ra

y,
th

e
ce

ll
(d

ra
in

-t
o-

dr
ai

n)
pi

tc
h

m
ea

su
re

s
—

4.
0

pm
,

th
e

ga
te

to
dr

ai
n

co
nt

ac
t

ce
nt

er
sp

ac
in

g
is

—
0.

93
pm

,
th

e
ga

te
to

so
ur

ce
/b

od
y

co
nt

ac
t

ce
nt

er
sp

ac
in

g
is

—
0.

41
pm

,
th

e
to

ta
l

po
ly

si
lic

on
ga

te
le

ng
th

is
—

0.
66

pm
.

•
In

th
e

H
S

F
E

T
ar

ra
y,

th
er

e
ar

e
tw

o
se

ts
of

po
ly

si
lic

on
ga

te
le

ng
th

co
m

bi
na

ti
on

s,
on

e
is

—
0.

40
pm

ph
ys

ic
al

ch
an

ne
l

le
ng

th
an

d
—

0.
26

pm
ex

te
nd

ed
po

rt
io

n
ov

er
th

e
S

G
O

,
an

ot
he

r
is

—
0.

48
pm

ph
ys

ic
al

ch
an

ne
l

le
ng

th
an

d
—

0.
18

pm
ex

te
nd

ed
po

rt
io

n
ov

er
th

e
S

G
O

.

T
ra

n
si

st
o

rs
_

i8
_

4
0

0
9

7
3

p
n

g

H
S

F
E

T
A

rr
ay

—
SE

M
C

ro
ss

-S
ec

ti
o

n
A

-A

36
Af

l
co

nt
en

t
C”

20
22

T
ec

hi
ns

ig
hi

s
In

c
A

ll
ri

gh
ts

re
se

rv
ed

T
ra

n
si

st
o
rs

_
i9

_4
00

97
3.

pn
g

H
S

F
E

T
A

rr
ay

—
SE

M
C

ro
ss

-S
ec

ti
o

n
A

-A
T

ec
h

In
si

gh
ts

Greenthread Ex. 2026, p. 245 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
-0

05
79

-U
N

A
D

oc
um

en
t

1-
8

Pi
le

d
05

/2
6/

23
P

ag
e

10
7

of
12

1
P

ag
el

D
#:

24
6

M
P

95
02

D
ie

H
S

F
E

T
A

rr
ay

•
In

th
e

H
S

F
E

T
ar

ra
y,

th
e

ga
te

po
ly

si
lic

on
st

ri
p

m
ea

su
re

s
—

0.
66

pm
,

in
cl

ud
in

g
th

e
ph

ys
ic

al
ch

an
ne

l
le

ng
th

of
—

0.
40

pm
an

d
th

e
ex

te
nd

ed
po

rt
io

n
ov

er
th

e
S

G
O

in

th
e

an
al

yz
ed

re
gi

on
.

-
T

he
ga

te
po

ly
si

lic
on

is
no

m
in

al
ly

—
18

0
nm

th
ic

k,
in

cl
ud

in
g

th
e

co
ba

lt
si

lic
id

e
(C

oS
i)

la
ye

r.

T
ec

h
In

si
gh

ts

T
ra

ns
is

to
rs

22
40

09
73

pn
g

H
S

F
E

T
A

rr
ay

—
SE

M
C

ro
ss

-S
ec

ti
o
n

A
-A

20
22

03
29

16
01

46
00

0
x
_
4

0
0
2

8
2
p
n
g

H
S

F
E

T
A

rr
ay

—
T

E
M

C
ro

ss
-S

ec
ti

o
n

37
u

co
nt

en
t

20
22

T
ec

h
in

sq
h

is
In

c
Af

l
ng

M
s

re
se

rn
ed

Greenthread Ex. 2026, p. 246 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

10
8

of
12

1
P

ag
el

D
#:

24
7

M
P

95
02

D
ie

L
S

F
E

T
A

rr
ay

•
T

he
st

ep
pe

d-
ga

te
-o

xi
de

(S
G

O
)

ar
e

fa
br

ic
at

ed
on

th
is

di
e.

T
he

us
e

of
S

G
O

al
lo

w
s

a
re

du
ct

io
n

of
on

-r
es

is
ta

nc
e

(R
on

)
co

m
pa

re
d

w
ith

th
e

co
nv

en
ti

on
al

ST
I

L
D

M
O

S
[3

].

In
th

e
L

S
F

E
T

ar
ra

y,
th

e
ce

ll
(d

ra
in

-t
o-

dr
ai

n)
pi

tc
h

m
ea

su
re

s
—

3.
36

pm
,

th
e

ga
te

to
dr

ai
n

co
nt

ac
t

ce
nt

er
sp

ac
in

g
is

—
0.

62
pm

,
th

e
ga

te
to

so
ur

ce
/b

od
y

co
nt

ac
t

ce
nt

er
sp

ac
in

g
is

—
0.

46
pm

,
th

e
to

ta
l

po
ly

si
lic

on
ga

te
le

ng
th

is
—

0.
60

pm
.

•
In

th
e

L
S

F
E

T
ar

ra
y,

th
er

e
ar

e
tw

o
se

ts
of

po
ly

si
lic

on
ga

te
le

ng
th

co
m

bi
na

ti
on

s,
on

e
is

—
0.

34
pm

ph
ys

ic
al

ch
an

ne
l

le
ng

th
an

d
—

0.
26

pm
ex

te
nd

ed
po

rt
io

n
ov

er
th

e
S

G
O

,
an

ot
he

r
is

—
0.

40
pm

ph
ys

ic
al

ch
an

ne
l

le
ng

th
an

d
—

0.
20

pm
ex

te
nd

ed
po

rt
io

n
ov

er
th

e
S

G
O

.

G
en

er
al

S
tr

u
ct

u
re

_
4
7
_
4
0
0

9
7

3
.p

n
g

L
S

F
E

T
A

rr
ay

—
SE

M
C

ro
ss

-S
ec

ti
o

n
A

-A

38
AU

c
o
n
te

n
t

©
20

22
T

ec
©

ns
ig

ht
s

In
c

AU
ng

ht
v

re
se

rv
ed

.

G
en

er
al

S
tr

u
ct

u
re

_
4
8
_
4
0
0
9
7
3
p
n
g

L
S

F
E

T
A

rr
ay

—
SE

M
C

ro
ss

-S
ec

ti
o

n
A

-A
T

ec
h

In
si

gh
ts

Greenthread Ex. 2026, p. 247 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Pi
le

d
05

/2
6/

23
P

ag
e

10
9

of
12

1
P

ag
el

D
#:

24
8

M
P

95
02

D
ie

H
S

IL
S

F
E

T
S

W
S

T
he

po
ly

si
lic

on
co

nt
ac

t
re

gi
on

s
us

e
an

,
up

to
—

30
nm

th
ic

k,
C

oS
i

la
ye

r.

T
he

si
de

w
al

l
sp

ac
er

(S
W

S
)

co
m

pr
is

es
a

15
nm

L
-s

ha
pe

d
S

O
la

ye
r,

a
70

nm
D

-s
ha

pe
d

Si
N

la
ye

r,
an

d
a

22
nm

D
-s

ha
pe

d
Si

O
N

on
th

e
S/

D
si

de
.

A
n

ad
di

ti
on

al
28

nm
D

-s
ha

pe
d

S
O

on
th

e
dr

ai
n

si
de

on
ly

w
hi

ch
is

us
ed

as
sa

li
ci

de
bl

oc
k

(S
A

B
)

la
ye

r.
A

33
nm

th
ic

k
Si

N
C

E
SL

co
ve

rs
th

e
tr

an
si

st
or

s.

-
T

he
m

ax
im

um
th

ic
kn

es
s

of
ox

id
e

is
—

47
nm

in
th

e
re

gi
on

be
tw

ee
n

po
ly

si
lic

on
ga

te
an

d
dr

ai
n

co
nt

ac
t.

S
a
N

2
6
n

.4
C

€
S

S
,N

3
3

n
n

B
O

2
8

m

F
”4

.
:

.
•
L

_
s
o
f

f
‘4

L
.

-
.

SW
SS

O
4

-
70

15
0

n,
n
g
a

po
Iy

S

SQ
O

S,
C

40

T
ec

h
In

si
gh

ts

pM
0S

’o

C
E

S
L

S
,N

3
3

fl
n

lt

S4
O

N
26

n
r4

-
O

4
7

n
m

I

20
22

03
29

16
02

94
00

0
x

0
0
0
1
_
4
0
0
2

8
2

p
n

g

H
SI

L
S

FE
T

G
at

e
S

W
S

on
S

o
u
rc

e
S

id
e

—
T

E
M

C
ro

ss
-S

ec
ti

o
n

20
22

03
29

16
01

94
00

0
1_

40
02

82
.p

ng

H
S

/L
S

FE
T

G
at

e
S

W
S

on
D

ra
in

S
id

e
—

T
E

M
C

ro
ss

-S
ec

ti
o
n

39
II

co
nt

en
t

(6
2
0
2
2

T
ec

hi
ns

iq
ht

s
In

c
AH

ng
ht

s
re

se
rv

ed

Greenthread Ex. 2026, p. 248 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Pü
ed

05
12

6/
23

P
ag

e
11

0
of

12
1

P
ag

el
D

#:
24

9

M
P

95
02

D
ie

H
S

/L
S

F
E

T
G

at
e

D
ie

le
ct

ri
c

T
he

ga
te

fe
at

ur
es

a
—

40
nm

th
ic

k
S

G
O

an
d

an
—

8.
5

nm
th

ic
k

ox
id

e
as

ga
te

di
el

ec
tr

ic
.

H
SI

L
S

FE
T

G
at

e
—

T
E

M
C

ro
ss

-S
ec

ti
o

n
H

S
/L

S
FE

T
G

at
e

D
ie

le
ct

ri
c

—
T

E
M

C
ro

ss
-S

ec
ti

o
n T

ec
h

si
g
h
ts

PM
D

Sb

40
Af

l
co

nt
en

t
©

20
22

T
ec

hF
ns

ig
ht

s
In

c
A

ll
ng

ht
s

re
se

rv
ed

Greenthread Ex. 2026, p. 249 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

F
il

ed
05

/2
6/

23
P

ag
e

11
1

of
12

1
P

ag
el

D
#:

25
0

M
P

95
02

D
ie

H
S

IL
S

F
E

T
C

o
n
ta

ct
s

A
C

oS
i

re
gi

on
up

to
-‘

30
nm

th
ic

k
is

o
b
se

rv
ed

in
th

e
so

u
rc

e
an

d
dr

ai
n

co
n
ta

ct
re

gi
on

s.

•
T

he
S

/D
co

n
ta

ct
(W

)
pa

rt
ia

ll
y

p
en

et
ra

te
s

in
to

th
e

to
p

of
th

e
SI

D
oh

m
ic

co
n
ta

ct
la

ye
r

(C
oS

i)
.

T
he

W
co

n
ta

ct
s

ar
e

-‘
0.

22
pm

in
d
ia

m
et

er
at

th
e

w
id

es
t

po
rt

io
n

an
d

na
rr

ow
do

w
n

to
0.

16
pm

at
th

e
bo

tt
om

.

T
ec

h
In

si
gh

ts

C
E

S
L

S
N

SI
O

N

20
22

03
29

16
31

58
00

0
x_

40
02

82
pn

g

H
SI

L
S

FE
T

S
o
u
rc

e
C

o
n
ta

ct
s

—
T

E
M

C
ro

ss
-S

ec
ti

o
n

20
22

03
29

15
55

12
0

kx
_4

00
25

2p
ng

H
S

/L
S

FE
T

D
ra

in
C

o
n
ta

ct
—

T
E

M
C

ro
ss

-S
ec

ti
o
n

41
II

co
n

le
rt

©
20

22
T

ec
h

©
sg

h
ts

In
c

Al
l

ng
ht

s
re

se
rv

ed

Greenthread Ex. 2026, p. 250 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

R
Ie

d
05

/2
6/

23
P

ag
e

11
2

of
12

1
P

ag
el

D
#:

25
1

M
P

95
02

D
ie

H
S

F
E

T
A

rr
ay

—
P

-
an

d
N

-T
yp

e
R

eg
io

n
s

•
SC

M
an

d
sM

lM
-C

an
al

ys
is

of
th

e
H

S
F

E
T

ar
ra

y
sh

ow
th

e
us

e
of

a
P

-t
yp

e
bo

dy
re

gi
on

,
N

-t
yp

e
dr

ift
re

gi
on

,
an

d
a

hi
gh

er
-d

op
ed

N
-w

el
l

at
th

e
dr

ai
n

re
gi

on
.

•
T

he
P-

w
el

l
la

ye
r

st
ar

ts
—

2.
1

pm
fr

om
th

e
fr

on
t

su
rf

ac
e,

w
hi

le
th

e
N

B
L

m
ea

su
re

s
—

5.
3

pm
th

ic
k

an
d

re
ac

h
es

—
7.

4
pm

de
ep

.
•

N
B

L
se

em
s

to
ha

ve
tw

o
re

gi
on

s
of

hi
gh

er
-d

op
ed

lo
w

er
po

rt
io

n
an

d
lo

w
er

-d
op

ed
up

pe
r

po
rt

io
n

in
th

e
Si

bo
dy

.

ga
te

pa
ty

Si

SG
O

I

N
-ty

pe
bu

ri
ed

la
ye

r

P
-t

yp
e

do
pi

ng

ur
id

op
ed

?
hi

gh
ly

do
pe

d

N
-t

yp
e

do
pi

ng
P

-t
ap

e
su

bs
tr

at
e

ga
te

po
ty

Si
s

G
o

A
A

N
-d

ef
t

N
-w

el
l

2
1

tim

P-
w

el
l

A

7-
11

im

53
ijm

N
-t

yp
eb

ur
ie

dl
av

er

V
V

P
-t

yp
e

su
bs

tr
at

e

T
ec

hl
ns

ic
ih

ts
d
C

/d
y

P
ro

du
ct

1
0

0
p

m

tg
h

e
r

d
o
p
an

t
co

nc
en

tr
at

io

b
w

er
d
o
p
an

t
a,

n
ce

n
tr

at
io

A
rr

a
y

O
4

O
5

2
2

i6
4

C
,O

)’
iT

F
R

W
1

O
.D

u
5

1
2

p
4

O
Q

9
7

3
p

n
q

H
S

F
E

T
A

rr
ay

—
SC

M
C

ro
ss

-S
ec

ti
o
n

A
-A

T
ec

h
T

ec
hl

ns
ig

ht
s’

sM
IM

C
1
0
0
p
m

A
rr

ay
_0

40
52

2
1 6

46
O

8S
M

lM
C

_F
R

W
_1

O
0

u
5

1 2
p
_
4
0
0
9
7
3
p
n
g

H
S

F
E

T
A

rr
ay

—
sM

IM
-C

C
ro

ss
-S

ec
ti

o
n

A
-A

T
ec

h
In

si
gh

ts
42

A
ll

co
n

te
st

©
20

22
T

ec
h
ln

sg
h
ls

In
c

A
ll

ng
ht

s
re

se
rv

ed
,

Greenthread Ex. 2026, p. 251 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Pi
le

d
05

12
6/

23
P

ag
e

11
3

of
12

1
P

ag
eI

D
#:

25
2

M
P

95
02

D
ie

H
S

F
E

T
—

P
-

an
d

N
-T

yp
e

R
eg

io
n
s

T
he

N
+

SI
D

re
gi

on
s

ar
e

—
0.

20
pm

de
ep

.

T
he

P
-b

od
y

is
—

1.
3

pm
de

ep
,

w
hi

le
th

e
dr

ai
n

N
-w

el
l

an
d

N
-d

ri
ft

re
gi

on
is

—
1.

2
pm

de
ep

.

•
T

he
ef

fe
ct

iv
e

ch
an

ne
l

le
ng

th
de

fi
ne

d
by

do
pa

nt
bo

un
da

ry
is

es
ti

m
at

ed
to

be
—

0.
17

pm
.

ch
an

n
7
p
m

W
dr

aw

_
t
_

ga
te

ro
iy

N
-w

et
N

-d
rt

1
2
p
m

P-
w

el
l

V
2
1

N
-ty

pe
bu

rr
ed

la
ye

r
N

-t
yp

e
do

pi
ng

I,
ra

t

L
T

ec
hl

ns
gh

ts
’

d
C

/d
y

P
ro

d
u
ct

4
2
5
p
m

‘.
\r

ra
y
0
4
O

5
2
2
1
7
1
7
1
Q

P
R

O
D

U
C

T
F

R
V

V
4

2
5
u
5
l2

D
4
0
0
9
7
3
p
n
g

H
S

F
E

T
—

SC
M

C
ro

ss
-S

ec
ti

o
n

A
-A

T
ec

h
ln

si
g
h
ts

sM
IM

C
4

2
5
p

m

A
rr

ay
0

4
0

5
2
2

1
7
1
7

1
D

S
M

IM
C

F
R

W
_

4
.2

5
u

5
1

2
p

4
0

0
9

7
3

p
n
g

H
S

F
E

T
—

sM
IM

-C
C

ro
ss

-S
ec

ti
o
n

A
-A

P
-t

yp
e

do
pi

ng

L
d
o
p
e
d
/

hi
gh

ly
d
o
p
ed

ta
gh

er
d
o
p
an

l
n
c
e
n

tr
a
ti

o
n

lo
w

er
d
o
p
an

t
n

c
e
n

tr
a
ti

o
n

T
ec

h
n
sg

h
ts

43
o

o
n

te
n

20
22

T
e
c
h
s
g
ts

In
c

ng
hr

s
re

se
rv

ea

Greenthread Ex. 2026, p. 252 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
P

il
ed

0
5
/2

6
/2

3
P

ag
e

11
4

of
12

1
P

ag
el

D
#:

25
3

C
o
m

p
ar

is
o
n

of
0.

18
pm

B
C

D
P

ro
c
e
ss

e
s

T
h
e

M
P

S
M

P
8

6
9

0
5

an
al

y
ze

d
in

th
is

re
po

rt
is

co
m

p
ar

ed
w

ith
th

e
fo

ll
ow

in
g

0.
18

pm
B

C
D

p
ro

ce
ss

es
p

re
v

io
u
s

an
al

y
ze

d
by

T
ec

h
ln

si
g
h
ts

:

F
ea

tu
re

M
PS

M
P

86
90

5
M

ax
im

M
A

X
77

85
4

[4
]

T
ex

as
ln

:t
rp

rn
en

ts
Q

ua
lc

om
m

PM
89

21
[6

]
D

ev
ic

e
ty

pe
PM

IC
PM

IC
Li

-I
on

PM
IC

PM
IC

M
od

e
of

op
er

at
io

n
PW

M
U

nd
et

er
m

in
ed

PW
M

U
nd

et
er

m
in

ed
R

at
ed

vo
lt

ag
e/

cu
rr

en
t

4.
5-

18
V

/5
0

A
U

nd
et

er
m

in
ed

4.
22

8*
V

/2
.5

A
U

nd
et

er
m

in
ed

F
ou

nd
ry

U
nd

et
er

m
in

ed
M

ax
im

T
ex

as
In

st
ru

m
en

ts
T

SM
C

D
ie

ar
ea

(w
ho

le
di

e)
3.

38
m

m
x

3.
14

m
m

4.
72

m
m

X
4.

17
m

m
2.

40
m

m
x

2.
40

m
m

6.
20

m
m

x
6.

49
m

m
P

ro
ce

ss
ge

ne
ra

ti
on

/t
ec

hn
ol

og
y

0.
18

pm
B

C
D

0.
18

pm
B

C
D

S
18

0.
18

pm
L

B
C

8
B

C
D

0.
18

pm
B

C
D

H
SF

E
T

:
4.

0
pm

P-
L

D
M

O
S:

7.
2

pm
N

-L
D

M
O

S
A

rr
ay

1:
4.

7
P-

L
D

M
O

S
A

rr
ay

6:
4.

3
pm

L
D

M
O

S
ce

ll
(d

ra
in

-t
o-

dr
ai

n)
pi

tc
h

L
SF

E
T

:
3.

4
pm

N
-L

D
M

O
S:

5.
0

pm
N

-L
D

M
D

S
A

rr
ay

2:
6.

8
N

-L
D

M
O

S
A

rr
ay

7:
4.

3
pm

N
-L

D
M

O
S

A
rr

ay
3:

3.
5

N
-L

D
M

O
S

A
rr

ay
5:

9.
3

pm
pm

L
D

M
O

S
ga

te
di

el
ec

tr
ic

th
ic

kn
es

s
8.

5
nm

14
nm

13
nm

14
nm

P-
L

D
M

O
S:

0.
64

pm
P-

L
D

M
O

S
A

rr
ay

6:
—

0.
4

pm
(a

ss
um

ed
)

L
D

M
O

S
el

ec
tr

ic
al

ch
an

ne
l

le
ng

th
—

0.
17

pm
N

-L
D

M
O

S:
0.

68
pm

—
0.

30
pm

N
-L

D
M

O
S

A
rr

ay
7:

—
0.

8
pm

(a
ss

um
ed

)
N

-L
D

M
O

S
A

rr
ay

5:
—

1.
6

pm
(a

ss
um

ed
)

Is
ol

at
io

n
ty

pe
(s

)
ST

I
ST

I
ST

I
ST

I
Si

lic
id

e
C

oS
i

C
oS

i
C

oS
i

C
oS

i
N

um
be

r
of

m
et

al
la

ye
rs

an
d

m
at

er
ia

l
3

A
l

4
A

l
3

A
l

5
A

l
C

on
ta

ct
s/

vi
as

m
at

er
ia

l
W

1W
W

/W
W

iW
W

/W
N

um
be

r
of

po
ly

si
lic

on
la

ye
rs

1
1

1
1

*
T

he
ab

so
lu

te
m

ax
im

um
ra

tin
g

vo
lta

ge

T
ec

h
4

4
A

ll
co

nt
er

t
c)

20
22

T
ec

h
ln

sg
h
ts

nc
,

A
ll

ri
0h

ts
re

se
rv

ed
I f

ls
lg

ht
s

Greenthread Ex. 2026, p. 253 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

11
5

of
12

1
P

ag
el

D
:

25
4

R
e
fe

re
n
c
e
s

[1
“M

on
ol

ith
ic

P
ow

er
S

ys
te

m
s,

”
M

on
ol

ith
ic

P
ow

er
S

ys
te

m
s

w
eb

si
te

,
ht

ts
:/

/w
w

w
.m

on
ol

it
hi

cp
ow

er
.c

om
/e

n/
ab

ou
t-

m
ps

.h
tm

l
(a

cc
es

se
d

A
pr

il
15

,
20

22
)

[2
]

U
M

P8
69

05
In

te
lli

Ph
as

eT
M

S
ol

ut
io

n
w

ith
In

te
gr

at
ed

H
S

-/
L

S
-F

E
T

s
an

d
D

riv
er

,”
M

PS
d
at

as
h
ee

t,

ht
tp

s:
//w

w
w

.m
on

ol
ith

ic
po

w
er

. c
om

/e
n/

do
cu

m
en

tv
ie

w
/p

ro
du

ct
do

cu
m

en
tf

in
de

xl
ve

rs
io

n/
2/

do
cu

m
en

t
ty

pe
/D

at
as

he
et

/l
an

g/
en

/s
ku

/M
P

86
90

5/

(a
cc

es
se

d
A

pr
il

15
,

20
22

)

[3
]

“S
tu

dy
on

20
V

L
D

M
O

S
W

ith
S

te
pp

ed
-G

at
e-

O
xi

de
S

tr
uc

tu
re

fo
r

PM
IC

A
pp

li
ca

ti
on

s:
D

es
ig

n,
F

ab
ri

ca
ti

on
,

an
d

C
ha

ra
ct

er
iz

at
io

n,
”

S.
-Y

.C
he

n
et

al
.,

IE
E

E
T

ra
ns

ac
ti

on
s

on
E

le
ct

ro
n

D
ev

ic
es

,
V

ol
.

69
,

N
o.

2,
pp

.
87

8-
88

1,
F

eb
.

20
22

,
do

i:
10

.1
10

9/
T

E
D

.2
02

1
.3

1
31

92
2.

[4
]

“M
ax

im
M

A
X

77
85

4
PM

IC
18

0
nm

B
C

D
S

18
P

ro
ce

ss
R

ev
ie

w
,”

C
hi

pw
or

ks
,

P
P

R
-1

60
5-

80
1,

A
ug

us
t

5
,2

0
1
6

[51
“T

ex
as

In
st

ru
m

en
ts

8Q
24

26
0Y

F
F

Li
-I

on
P

ow
er

M
an

ag
em

en
t

IC
(T

I
L

B
C

8
P

ro
ce

ss
)

P
ro

ce
ss

R
ev

ie
w

,”
C

hi
pw

or
ks

,
P

P
R

-1
40

4-
80

1,
Ja

nu
ar

y
7,

20
15

[6
]

“Q
ua

lc
om

m
PM

89
21

PM
IC

(T
SM

C
18

0
nm

B
C

D
)

P
ro

ce
ss

R
ev

ie
w

,”
C

hi
pw

or
ks

,
P

P
R

-1
30

4-
80

2,
M

ar
ch

18
,

20
14

T
ec

h
45

Al
L

co
nt

en
t

tt
t

20
22

T
ec

h
ln

sg
fl

ts
In

c
Al

l
ng

ht
s

re
se

rn
ed

Ifl
S

19
ht

S

Greenthread Ex. 2026, p. 254 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

IZ
ile

d
05

/2
6/

23
P

ag
e

11
6

of
12

1
P

ag
el

D
#:

25
5

S
ta

te
m

en
t

o
f

M
ea

su
re

m
en

t
U

n
ce

rt
ai

n
ty

an
d

S
co

p
e

V
ar

ia
ti

on
S

ta
te

m
en

t
of

M
ea

su
re

m
en

t
U

nc
er

ta
in

ty

T
ec

hl
ns

ig
ht

s
ca

li
br

at
es

le
ng

th
m

ea
su

re
m

en
ts

on
its

sc
an

ni
ng

el
ec

tr
on

m
ic

ro
sc

op
e

(S
E

M
),

tr
an

sm
is

si
on

el
ec

tr
on

m
ic

ro
sc

op
e

(T
E

M
),

an
d

op
tic

al
m

ic
ro

sc
op

es
us

in
g

m
ea

su
re

m
en

t
st

an
da

rd
s

th
at

ar
e

tr
ac

ea
bl

e
to

th
e

In
te

rn
at

io
na

l
S

ys
te

m
of

U
ni

ts
(S

I)
.

O
ur

SE
M

/T
E

M
cr

os
s-

ca
li

br
at

io
n

st
an

da
rd

w
as

ca
li

br
at

ed
at

th
e

N
at

io
na

l
P

hy
si

ca
l

L
ab

or
at

or
y

(N
PL

)
in

th
e

U
K

(R
ep

or
t

R
ef

er
en

ce
L

R
03

04
/E

06
05

03
42

/S
E

M
4/

19
0)

.
T

hi
s

st
an

da
rd

ha
s

a
14

6
±

2
nm

(±
1.

4%
)

pi
tc

h,
as

ce
rt

if
ie

d
by

th
e

N
PL

.
T

ec
hl

ns
ig

ht
s

ve
ri

fi
es

ev
er

y
si

x
m

on
th

s
th

at
its

SE
M

an
d

T
E

M
ar

e
ca

li
br

at
ed

to
w

ith
in

±
2%

of
th

is
st

an
da

rd
,

ov
er

th
e

fu
ll

m
ag

ni
fi

ca
ti

on
ra

ng
es

us
ed

.

T
ec

hl
ns

ig
ht

s’
op

tic
al

m
ic

ro
sc

op
es

ar
e

ca
li

br
at

ed
us

in
g

a
m

ic
ro

m
et

er
ca

li
br

at
ed

at
th

e
N

at
io

na
l

R
es

ea
rc

h
C

ou
nc

il
of

C
an

ad
a

(C
N

R
C

)
(R

ep
or

t
R

ef
er

en
ce

L
S-

20
05

-O
O

1O
).

T
hi

s
st

an
da

rd
ha

s
an

ex
pa

nd
ed

un
ce

rt
ai

nt
y

of
0.

3
pm

(0
.3

%
)

fo
r

th
e

m
ic

ro
m

et
er

’s
10

0
pm

pi
tc

h
lin

es
.

R
an

do
m

m
ea

su
re

m
en

t
er

ro
rs

,
in

tr
od

uc
ed

du
ri

ng
m

ea
su

re
m

en
ts

of
fe

at
ur

es
on

th
e

ca
li

br
at

ed
im

ag
es

,
yi

el
d

an
ad

di
ti

on
al

ex
pa

nd
ed

un
ce

rt
ai

nt
y,

w
hi

ch
to

ge
th

er
w

ith
ca

li
br

at
io

n
un

ce
rt

ai
nt

y,
is

ap
pr

ox
im

at
el

y
±

5%
or

be
tt

er
fo

r f
ea

tu
re

s
la

rg
er

th
an

ab
ou

t
20

%
of

th
e

im
ag

e
w

id
th

.

T
ec

hl
ns

ig
ht

s
ca

m
er

a
sy

st
em

s,
us

ed
fo

r
pa

ck
ag

e
ph

ot
og

ra
ph

s
an

d
te

ar
do

w
n

ph
ot

og
ra

ph
s,

an
d

T
ec

hl
ns

ig
ht

s
X

-r
ay

in
st

ru
m

en
ts

ar
e

no
t

ca
li

br
at

ed
.

P
ac

ka
ge

di
m

en
si

on
s

ar
e

m
ea

su
re

d
ph

ys
ic

al
ly

w
ith

ca
li

pe
rs

.

T
he

m
at

er
ia

ls
an

al
ys

is
re

po
rt

ed
in

T
ec

hl
ns

ig
ht

s
re

po
rt

s
is

no
rm

al
ly

lim
ite

d
to

ap
pr

ox
im

at
e

el
em

en
ta

l
co

m
po

si
ti

on
,

ra
th

er
th

an
st

oi
ch

io
m

et
ry

.
Q

ua
nt

if
ic

at
io

n
of

en
er

gy
di

sp
er

si
ve

sp
ec

tr
os

co
py

(S
E

M
-E

D
S

an
d

T
E

M
-E

D
S)

an
d

T
E

M
-b

as
ed

el
ec

tr
on

en
er

gy
lo

ss
sp

ec
tr

os
co

py
(T

E
M

-E
E

L
S)

m
at

er
ia

ls
an

al
ys

is
us

ua
lly

no
t

pr
ov

id
ed

,
un

le
ss

ot
he

rw
is

e
st

at
ed

.
T

ec
hl

ns
ig

ht
s

w
ill

ty
pi

ca
lly

ab
br

ev
ia

te
th

e
m

at
er

ia
l

co
m

po
si

ti
on

,
us

in
g

on
ly

th
e

el
em

en
ta

l
sy

m
bo

ls
(r

at
he

r
th

an
fu

ll
ch

em
ic

al
fo

rm
ul

a)
in

ap
pr

ox
im

at
e

or
de

r
of

th
e

pe
ak

he
ig

ht
s

in
th

e
sp

ec
tr

a,
bu

t
th

is
do

es
si

gn
if

y
th

e
re

la
tiv

e
co

nc
en

tr
at

io
n.

S
ec

on
da

ry
io

n
m

as
s

sp
ec

tr
om

et
ry

(S
IM

S)
da

ta
m

ay
be

ca
li

br
at

ed
fo

r
ce

rt
ai

n
do

pa
nt

el
em

en
ts

,
pr

ov
id

ed
su

it
ab

le
st

an
da

rd
s

w
er

e
av

ai
la

bl
e.

S
pr

ea
di

ng
re

si
st

an
ce

pr
of

ili
ng

(S
R

P
)

da
ta

is
ty

pi
ca

lly
ca

li
br

at
ed

.
S

ca
nn

in
g

m
ic

ro
w

av
e

im
pe

da
nc

e
m

ic
ro

sc
op

y
(s

M
lM

-C
)

pr
ov

id
es

sp
at

ia
l

in
fo

rm
at

io
n

on
th

e
do

pa
nt

ty
pe

;
ho

w
ev

er
,

it
is

no
t

qu
an

ti
ta

ti
ve

.
T

he
ac

cu
ra

cy
of

ot
he

r
m

et
ho

ds
is

av
ai

la
bl

e
on

re
qu

es
t.

S
ta

te
m

en
t

of
S

co
p
e

V
ar

ia
ti

on

D
ue

to
th

e
na

tu
re

of
re

ve
rs

e
en

gi
ne

er
in

g
an

d
th

e
di

ve
rs

ity
of

an
al

yz
ed

de
vi

ce
s,

th
er

e
is

a
po

ss
ib

ili
ty

of
co

nt
en

t
va

ri
at

io
n

in
T

ec
hl

ns
ig

ht
s

te
ch

ni
ca

l
re

po
rt

s.

T
ec

h
46

A
ll

cv
vt

ev
t

©
20

22
T

ec
hl

ns
ig

ht
s

In
c

A
ll

ri
gh

ts
re

se
rv

ed

IT
1S

I l
it

s

Greenthread Ex. 2026, p. 255 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

11
7

of
12

1
P

ag
el

D
#:

25
6

A
b
o
u
t

T
ec

h
in

si
g
h
ts

F
or

ov
er

30
ye

ar
s

T
ec

hl
ns

ig
ht

s
ha

s
be

en
a

tr
us

te
d

pa
te

nt
an

d
te

ch
no

lo
gy

pa
rt

ne
r

to
th

e
w

or
ld

’s
la

rg
es

t
an

d
m

os
t

su
cc

es
sf

ul
co

m
pa

ni
es

in
cl

ud
in

g
37

of
th

e
to

p

50
U

.S
.

pa
te

nt
ho

ld
er

s.
B

y
re

ve
al

in
g

th
e

in
no

va
ti

on
ot

he
rs

ca
n’

t
in

si
de

th
e

br
oa

de
st

ra
ng

e
of

ad
va

nc
ed

te
ch

no
lo

gy
pr

od
uc

ts
,

w
e

pr
ov

e
pa

te
nt

va
lu

e
an

d
en

ab
le

bu
si

ne
ss

le
ad

er
s

to
m

ak
e

th
e

be
st

,
fa

ct
-b

as
ed

IP
an

d
te

ch
no

lo
gy

in
ve

st
m

en
t

de
ci

si
on

s.
H

ea
dq

ua
rt

er
ed

in
O

tt
aw

a
C

an
ad

a,
T

ec
hl

ns
ig

ht
s’

P
at

en
t

an
d

T
ec

hn
ol

og
y

A
na

ly
st

s
de

li
ve

r
sp

ec
ia

li
ze

d
pr

od
uc

ts
an

d
se

rv
ic

es
fr

om
gl

ob
al

of
fi

ce
s.

C
o
n
ta

ct
T

ec
h
in

si
g
h
ts

To
fi

nd
ou

t
m

or
e

in
fo

rm
at

io
n

on
th

is
re

po
rt

,
or

an
y

ot
he

r
re

po
rt

s
in

ou
r

lib
ra

ry
,

p
le

as
e

co
n
ta

ct
T

ec
hl

ns
ig

ht
s

at
1-

61
3-

59
9-

65
00

.

T
ec

h
In

si
g
h
ts

18
91

R
ob

er
ts

on
R

oa
d,

S
ui

te
50

0
O

tt
aw

a,
O

nt
ar

io
K

2H
5B

7
C

an
ad

a

T
1-

61
3-

59
9-

65
00

F
1-

61
3-

59
9-

65
01

W
eb

si
te

:
w

w
w

.te
ch

in
si

qh
ts

.c
om

E
m

ai
l:

in
fo

te
ch

in
si

g
h
ts

.c
o
m

T
ec

h
47

A
k

cc
,,
te

n
20

22
ec

h
ln

sg
h
ts

,,c
A

ll
g
m

s
e
s
e
re

d
In

si
g
h
ts

Greenthread Ex. 2026, p. 256 of 260 
MPS v. Greenthread 

IPR2024-00550



0

(1)

-c
0)

C

U
C)

U)

U
a)
C)

a

c”J

C

-i

a)
C)

a

c)
(N
(C
(N
IS)
C

ci)

U

C

C
ci)
E
C-)
C
U

z
D
C)
N-
U)
0
C
>

c)

U

Greenthread Ex. 2026, p. 257 of 260 
MPS v. Greenthread 

IPR2024-00550



T
ec

h

T
ec

hi
ns

ig
ht

s’
dC

Id
V

P
ro

d
u
ct

1
0
0
P

m

A
rr

ay
2
O

4
O

6
2
2
1
5
5
3
5
2
P

R
O

D
U

C
T

F
R

W
IO

O
t_

5
1
2
p
4
0
0
9
3
p
n
g

L
S

F
E

T
A

rr
ay

—
SC

M
C

ro
ss

-S
ec

ti
o
n

A
-A

2
A

u
co

nt
en

t
20

22
T

ec
h
Is

g
n
1
s

nc
A

t
og

ht
s

N
gh

er
do

pa
nt

co
nc

en
tr

at
io

n

T
ec

h

T
ec

h
In

sg
h
W

sM
IM

C
1

0
0
p

m

A
ri

ay
2

04
06

22
1

5
5
3
5
2
S

M
IM

C
F

R
W

1
0

O
u_

51
2p

40
09

73

L
S

F
E

T
A

rr
ay

—
sM

IM
-C

C
ro

ss
-S

ec
ti

o
n

A
-A

T
ec

h
an

si
gh

ts

C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Fi
le

d
05

/2
6/

23
P

ag
e

11
9

of
12

1
P

ag
el

D
#:

25
8

M
P

95
02

D
ie

L
S

F
E

T
A

rr
ay

—
P

-
an

d
N

-T
yp

e
R

eg
io

n
s

•
SC

M
an

d
sM

IM
-C

an
al

ys
is

of
th

e
L

SF
E

T
ar

ra
y

sh
ow

th
e

us
e

of
a

P
-t

yp
e

bo
dy

re
gi

on
,

sh
al

lo
w

er
N

-d
ri

ft
/N

-w
el

l
in

th
e

dr
ai

n
re

gi
on

,
an

d
N

B
L

is
ab

se
n
t

in
th

e

L
SF

E
T

ar
ra

y.

-
T

he
P-

w
el

l
is

—
2.

1
pm

de
ep

,
th

e
P

-b
od

y
is

—
1.

3
pm

de
ep

,
w

hi
le

th
e

dr
ai

n
N

-d
ri

ft
/N

-w
el

l
is

—
0.

9
pm

de
ep

,
sh

al
lo

w
er

th
an

1.
2

pm
ob

se
rv

ed
in

th
e

H
S

F
E

T
ar

ra
y.

-
B

ot
h

H
S

F
E

T
an

d
L

S
F

E
T

ar
ra

y
lik

el
y

sh
ar

e
th

e
P-

w
el

l
an

d
P

-b
od

y
m

as
ks

,
bu

t
us

e
di

ff
er

en
t

m
as

k
fo

r
dr

ai
n

dr
ift

re
gi

on
.

•
T

he
ef

fe
ct

iv
e

ch
an

ne
l

le
ng

th
de

fi
ne

d
by

do
pa

nt
bo

un
da

ry
is

es
ti

m
at

ed
to

be
—

0.
15

pm
in

th
e

L
S

F
E

T
ar

ra
y.

g
at

ep
o
ty

S
i

4—
N

-
P

-t
yp

e
do

pr
ng

x
id

o
p

ed
l

hi
gh

ly
d
o
p
ed

N
-t

yp
e

do
pi

ng

lo
w

er
do

pa
nt

co
nc

en
tr

at
io

n

Greenthread Ex. 2026, p. 258 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

oc
um

en
t

1-
8

Pi
le

d
05

/2
6/

23
P

ag
e

12
0

of
12

1
P

ag
el

D
#:

25
9

S
ta

te
m

en
t

o
f

M
ea

su
re

m
en

t
U

n
ce

rt
ai

n
ty

an
d

S
co

p
e

V
ar

ia
ti

o
n

S
ta

te
m

en
t

of
M

ea
su

re
m

en
t

U
nc

er
ta

in
ty

T
ec

hl
ns

ig
ht

s
ca

li
br

at
es

le
ng

th
m

ea
su

re
m

en
ts

on
its

sc
an

ni
ng

el
ec

tr
on

m
ic

ro
sc

op
e

(S
E

M
),

tr
an

sm
is

si
on

el
ec

tr
on

m
ic

ro
sc

op
e

(T
E

M
),

an
d

op
tic

al
m

ic
ro

sc
op

es
us

in
g

m
ea

su
re

m
en

t
st

an
da

rd
s

th
at

ar
e

tr
ac

ea
bl

e
to

th
e

In
te

rn
at

io
na

l
S

ys
te

m
of

U
ni

ts
(S

I)
.

O
ur

SE
M

/T
E

M
cr

os
s-

ca
li

br
at

io
n

st
an

da
rd

w
as

ca
li

br
at

ed
at

th
e

N
at

io
na

l
P

hy
si

ca
l

L
ab

or
at

or
y

(N
PL

)
in

th
e

U
K

(R
ep

or
t

R
ef

er
en

ce
L

R
03

O
4/

E
06

05
03

42
/S

E
M

4/
19

0)
.

T
hi

s
st

an
da

rd
ha

s
a

14
6

±
2

nm
(±

1.
4%

)
pi

tc
h,

as
ce

rt
if

ie
d

by
th

e
N

PL
.

T
ec

hl
ns

ig
ht

s
ve

ri
fi

es
ev

er
y

si
x

m
on

th
s

th
at

its
SE

M
an

d
T

E
M

ar
e

ca
li

br
at

ed
to

w
ith

in
±

2%
of

th
is

st
an

da
rd

,
ov

er
th

e
fu

ll
m

ag
ni

fi
ca

ti
on

ra
ng

es
us

ed
.

T
ec

hl
ns

ig
ht

s’
op

tic
al

m
ic

ro
sc

op
es

ar
e

ca
li

br
at

ed
us

in
g

a
m

ic
ro

m
et

er
ca

li
br

at
ed

at
th

e
N

at
io

na
l

R
es

ea
rc

h
C

ou
nc

il
of

C
an

ad
a

(C
N

R
C

)
(R

ep
or

t
R

ef
er

en
ce

L
S-

20
05

-0
01

0)
.

T
hi

s
st

an
da

rd
ha

s
an

ex
pa

nd
ed

un
ce

rt
ai

nt
y

of
0.

3
pm

(0
.3

%
)

fo
r

th
e

m
ic

ro
m

et
er

’s
10

0
pm

pi
tc

h
lin

es
.

R
an

do
m

m
ea

su
re

m
en

t
er

ro
rs

,
in

tr
od

uc
ed

du
ri

ng
m

ea
su

re
m

en
ts

of
fe

at
ur

es
on

th
e

ca
li

br
at

ed
im

ag
es

,
yi

el
d

an
ad

di
ti

on
al

ex
pa

nd
ed

un
ce

rt
ai

nt
y,

w
hi

ch
to

ge
th

er
w

ith
ca

li
br

at
io

n
un

ce
rt

ai
nt

y,
is

ap
pr

ox
im

at
el

y
±

5%
or

be
tte

rf
or

fe
at

ur
es

la
rg

er
th

an
ab

ou
t

20
%

of
th

e
im

ag
e

w
id

th
.

T
ec

hl
ns

ig
ht

s
ca

m
er

a
sy

st
em

s,
us

ed
fo

r
pa

ck
ag

e
ph

ot
og

ra
ph

s
an

d
te

ar
do

w
n

ph
ot

og
ra

ph
s,

an
d

T
ec

hl
ns

ig
ht

s
X

-r
ay

in
st

ru
m

en
ts

ar
e

no
t

ca
lib

ra
te

d.
P

ac
ka

ge
di

m
en

si
on

s
ar

e
m

ea
su

re
d

ph
ys

ic
al

ly
w

ith
ca

lip
er

s.

T
he

m
at

er
ia

ls
an

al
ys

is
re

po
rt

ed
in

T
ec

hl
ns

ig
ht

s
re

po
rt

s
is

no
rm

al
ly

lim
ite

d
to

ap
pr

ox
im

at
e

el
em

en
ta

l
co

m
po

si
tio

n,
ra

th
er

th
an

st
oi

ch
io

m
et

ry
.

Q
ua

nt
if

ic
at

io
n

of
en

er
gy

di
sp

er
si

ve
sp

ec
tr

os
co

py
(S

E
M

-E
D

S
an

d
T

E
M

-E
D

S)
an

d
T

E
M

-b
as

ed
el

ec
tr

on
en

er
gy

lo
ss

sp
ec

tr
os

co
py

(T
EM

-E
EL

S)
m

at
er

ia
ls

an
al

ys
is

us
ua

lly
no

t
pr

ov
id

ed
,

un
le

ss
ot

he
rw

is
e

st
at

ed
.

T
ec

hl
ns

ig
ht

s
wi

ll
ty

pi
ca

lly
ab

br
ev

ia
te

th
e

m
at

er
ia

l
co

m
po

si
tio

n,
us

in
g

on
ly

th
e

el
em

en
ta

l
sy

m
bo

ls
(r

at
he

r t
ha

n
fu

ll
ch

em
ic

al
fo

rm
ul

a)
in

ap
pr

ox
im

at
e

or
de

r
of

th
e

pe
ak

he
ig

ht
s

in
th

e
sp

ec
tr

a,
bu

tt
hi

s
do

es
si

gn
ify

th
e

re
la

tiv
e

co
nc

en
tr

at
io

n.

Se
co

nd
ar

y
io

n
m

as
s

sp
ec

tr
om

et
ry

(S
IM

S)
da

ta
m

ay
be

ca
lib

ra
te

d
fo

r c
er

ta
in

do
pa

nt
el

em
en

ts
,

pr
ov

id
ed

su
ita

bl
e

st
an

da
rd

s
w

er
e

av
ai

la
bl

e.
Sp

re
ad

in
g

re
si

st
an

ce
pr

of
ili

ng
(S

R
P)

da
ta

is
ty

pi
ca

lly
ca

lib
ra

te
d.

Sc
an

ni
ng

m
ic

ro
w

av
e

im
pe

da
nc

e
m

ic
ro

sc
op

y
(s

M
IM

-C
)

pr
ov

id
es

sp
at

ia
l

in
fo

rm
at

io
n

on
th

e
do

pa
nt

ty
pe

;
ho

w
ev

er
,

it
is

no
t

qu
an

ti
ta

ti
ve

.
T

he
ac

cu
ra

cy
of

ot
he

r
m

et
ho

ds
is

av
ai

la
bl

e
on

re
qu

es
t.

S
ta

te
m

en
t

of
S

co
p
e

V
ar

ia
ti

on

D
ue

to
th

e
na

tu
re

of
re

ve
rs

e
en

gi
ne

er
in

g
an

d
th

e
di

ve
rs

ity
of

an
al

yz
ed

de
vi

ce
s,

th
er

e
is

a
po

ss
ib

ili
ty

of
co

nt
en

t
va

ri
at

io
n

in
T

ec
hl

ns
ig

ht
s

te
ch

ni
ca

l
re

po
rt

s.

T
ec

h
3

AN
co

nt
en

t
©

20
22

T
ec

h
n
sg

h
ts

In
c.

A
ll

ri
gh

ts
re

se
rv

ed

S
l

ht
S

Greenthread Ex. 2026, p. 259 of 260 
MPS v. Greenthread 

IPR2024-00550



C
as

e
1:

23
-c

v-
00

57
9-

U
N

A
D

o
cu

m
en

t
1-

8
F

il
ed

0
5
/2

6
/2

3
P

ag
e

12
1

of
12

1
P

ag
el

D
#:

26
0

A
b
o
u
t

T
ec

h
in

si
g
h
ts

F
or

ov
er

30
ye

ar
s

T
ec

hl
ns

ig
ht

s
ha

s
be

en
a

tr
us

te
d

pa
te

nt
an

d
te

ch
no

lo
gy

pa
rt

ne
r

to
th

e
w

or
ld

’s
la

rg
es

t
an

d
m

os
t

su
cc

es
sf

ul
co

m
pa

ni
es

in
cl

ud
in

g
37

of
th

e
to

p

50
u.

s.
pa

te
nt

ho
ld

er
s.

B
y

re
ve

al
in

g
th

e
in

no
va

ti
on

ot
he

rs
ca

n’
t

in
si

de
th

e
br

oa
de

st
ra

ng
e

of
ad

va
nc

ed
te

ch
no

lo
gy

pr
od

uc
ts

,
w

e
pr

ov
e

pa
te

nt
va

lu
e

an
d

en
ab

le

bu
si

ne
ss

le
ad

er
s

to
m

ak
e

th
e

be
st

,
fa

ct
-b

as
ed

IP
an

d
te

ch
no

lo
gy

in
ve

st
m

en
t

de
ci

si
on

s.
H

ea
dq

ua
rt

er
ed

in
O

tt
aw

a
C

an
ad

a,
T

ec
hl

ns
ig

ht
s’

P
at

en
t

an
d

T
ec

hn
ol

og
y

A
na

ly
st

s
de

li
ve

r
sp

ec
ia

li
ze

d
pr

od
uc

ts
an

d
se

rv
ic

es
fr

om
gl

ob
al

of
fi

ce
s.

C
o
n
ta

ct
T

ec
h
in

si
g
h
ts

To
fi

nd
ou

t
m

or
e

in
fo

rm
at

io
n

on
th

is
re

po
rt

,
or

an
y

ot
he

r
re

po
rt

s
in

ou
r

lib
ra

ry
,

pl
ea

se
co

nt
ac

t
T

ec
hl

ns
ig

ht
s

at
1-

61
3-

59
9-

65
00

.

T
ec

h
in

si
g
h
ts

18
91

R
ob

er
ts

on
R

oa
d,

S
ui

te
50

0

O
tt

aw
a,

O
nt

ar
io

K
2H

5B
7

C
an

ad
a

T
1-

61
3-

59
9-

65
00

F
1-

61
3-

59
9-

65
01

W
eb

si
te

:
w

w
w

.te
ch

in
si

qh
ts

.c
om

E
m

ai
l:

in
fo

te
ch

in
si

q
h
ts

,c
or

n

T
ec

h
4

ji
co

n
te

n
t

2
0

2
2

T
ec

fl
in

s,
g

h
ts

In
c

A
I

rg
r.

ts
re

se
rn

eo
If

lS
I9

h
tS

Greenthread Ex. 2026, p. 260 of 260 
MPS v. Greenthread 

IPR2024-00550




