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IN THE UNITED ST ATES DISTRICT COURT 
FOR THE DISTRICT OF DELAWARE 

GREENTHREADt LLC 

Plaintifft Civil Action No. 

vs. 

MONOLITHIC POWER SYSTEMSt 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 (I) 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 NANO 

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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'O 14 Patent"), (collectively "the Greenthread Patents"), copies of which are attached hereto as 

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

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 structures 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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I imitations 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 

1 MPS, Form I 0-K (Dec. 3 I, 2022), 
https://media.monolithicpower.com/mps ems document/2/0/2022 mps annual report.pdf? gl= 
l * leopt24* ga*MTU4NTU INTO3Ny4xNjgzNjM4Mjlx* ga XNRPF6L9DD*MTY4NDE4NT 
gzOS4zLjEuMTY4NDE4NjA4OS4yMi4wLjA.& ga=2.178535588.l 83754632.1684185838-
1585555477.1683638221 
2 Product Overview of MPQ4425M-AEC 1, https://www.monolithicpower.com/en/mpg4425m­
aec I .html 
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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 Id. 
4 Product Overview of EVKT-MP265 l , https:/J\vww .monolithicpower.com/en/products/evkt­
mp2651.html 
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Ovarnew Related Toots. Oesign R@soun::es Technical Forurn Ouahty M·INE 
Products, EV KltsaM EV Boards, EVKT-MP2651 

EVKT-MP2651 

MP2651 Evaluation Kit 

Product Evaluated 

MP2651GVT 

mm I Oatashe.et 

Description 

The EVKT-MP2651 IS an evaluation kit designed lorthe MP2651 11 
demonstrates the ,apab,lilies of the MP265 l, a buck-boost charger IC 

designed for ba ltery packs. Wlth l cell to 4 cells in series 

The dey,ce can accept a wide ,v to 22V input voltage (V.,J range to charge 
the battery. II also supplies a •~de JV to 2 IV voltage range at the IN p1 n ,n 

source mode. This lun,\1on 1s compliant with USB power delivery IPDI 
spec1r1cat1ons. 

11C-Conlrolled, USB PD 6A Buck-Boost Charger wllh 
OTO/Source Mode for 1-Cell to 4-Cetl Series Battery 
Apphcalions 

am 

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 offices in China, India, Japan, South Korea, Singapore. Taiwan, the United States and 
throughout Europe. Our products typicaJly 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' cloctronics 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 

5 MPS, Form I 0-K (Dec. 31, 2022), 
https://media.monolithicpower.com/mps ems document/2/0/2022 mps annual report.pdf? gl= 
I* leopt24* ga*MTU4NTU INTQ3Ny4xN jgzNjM4M jlx* ga XNRPF6L9DD*MTY4NDE4NT 
gzOS4zLjEuMTY4NDE4NjA40S4yM i4wLjA.& ga=2.1 78535588. l 83754632.1684185838-
1585555477.1683638221 
6 MPS, Job Listings, https://www.monolithicpower.com/en/about-mps/careers/job-listings.html 
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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 Co,np~ny • Investor Rel,1t1ons ':,uslo111Jurlrty f, ESG c~, eers • Ncw3 & Pres, Releas~s 

Job Type 
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North America Channel Manager 

Title 
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Posu,cn 0¥erv1ew 

fob Fuot!1om,;: 

- Vi.w By AtglOII: U.S. 
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flesp0n~1b1~ for dr,,..iog alt du19n-,n 3ct.v1Ly and 'N11'1S w11h1n ass1gl\ed cuc.;torr+er .iccount5: and geo9raph1e~ Respons.ible !or 

ccns,~teMly eiu:eNlmg assfgned rt"Y\"'nue 1argt!!!ts.lnd1r~cI maniqe>ment ot Manufacturers Repre~entat \'es and ch11nn~l partn11rs 

ld1!ilnbuMn brarichesl 

Field Sales Enginur 

field ~l~i Engineer IMPSnawl 

Po, it1on 0verv1t:w. 

Jab Funcl1ons.. 

Wa,h1ngton 

Rt-sporu;1blrt ror dnY1n9 all d~s,gri ,n acl1vd~ ;ind w1n'.i w1lhin ass.19ncd <us.10mer accounts af\d 9eo9rJph1cs Responsible for 

co11~1st1;1l'lt\y e11:,eoa,n9 ass1gried rt'lll!'nue- 1a,9.els n~•re<l mana9eom1mt al t.i.aout.JClurer:s Rep·t-sen1at \es an.1 channel partners 

frbslrihuhoo b 3.n•hcsl 

San Jose, CA 

Overall knowledge of d1stribut1on and Rep sales processesAt least 5 years' expenence working with semiconductor 

d,stnbutorsMust have general technrcal understanding of power semiconductors. customers, appltcat,ans,General understandrng 

of OTAM regions, and organ,zations Past hrstory of success on dnvmg a closed loop d1stributron process includrng:Training ... 

Field Sales Engineer M,ch,gan 

Field Sales Engineer IFSEI 

Primary function~· 

Responsible for dnvrng all des,gn•in act,v1ty and wrns within ass,gned customer accounts and geographies. Responsible for 

consistently meeting or exceeding assigned revenue targets.Work closely with MPS product d,v1sron marketing and engmeerrog 

personnel to rdentrfy target applrcatrons/circults 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. Custon,er Quality Engineer 
Job Cod• 16& 

Location: San Jose. CA 
Applv 

This rs an important cos.1omer-rac:ing, hands·on role 1n an, emergmg Automotive Ouahty organi2al1on in a rapidly growing semiconductor IC company. The key 

responsib1hues are to work sNmlessly with related Engineering. Production. Business groups and other QA functions to ensure timety responses and efhc:1ent 

cl<Jsure of customer 0LJ.Jhly requests. such as handling field r11lurns/8D/FA cases, and aud1l support. He/she w,U mterface to many mlernal funcbons. as well as 

d1recUywi1h customers, m responding to requests and rnana91ng cu!.lomer quality st1uatto11s As ~uch, candidate 5t,ould have il sotuJ qualtly / engmt>ermg 

backi]round. along with good team competence and commurncat1on skills. 

Miijor Responsibilllles 

• Manage cuslorlli!r quality requi rements, inquires/questions or 1ssu~s. as the front-hne interface, 

• Manage Oudlity ,ssue d1agnos.es. roo1 •cause analysis wilh FA and other 9roups as hand-on ccmlrabutor for the ass19ne<l customer accounts. 

• PtOJeCl·mallage Automolrve customer-c1ud1t~ in both HO artd our location 1n Chengdu as the custorner-facmg cont.acl for MPS arid our sub-cons 

• Write FA and co-tlt."Vl?top 80 re pons as W(l(I as. maMgc cu~lomer-facmg commun1cahons 

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 13 38(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 

7 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 l 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. 10/934,915,9 

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. I 0,510,842 ("the '842 Patent"), entitled "Semiconductor Devices with 

8 Pub. No. US 2006/0049464. 
9 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,io 

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. 

10/934,9 l 5, 11 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. I I, 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. 10/934,915, 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 '0 14 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. 10/934,915,13 filed on 

io Pub. No. US 2006/0049464. 
11 Pub. No. US 2006/0049464. 
12 Pub. No. US 2006/0049464. 
13 Pub. No. US 2006/0049464. 
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September 3, 2004. A true and correct copy of the 'O 14 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. Rao's 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 stil 1 owns those rights to the Green thread 

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 Gree nth read Patents, has 

been an innovator in the semiconductor industry since the I 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 



Greenthread Ex. 2026, p. 11 of 260 
MPS v. Greenthread 

IPR2024-00552

Case 1:23-cv-00579-UNA Document 1 Filed 05/26/23 Page 11 of 23 PagelD #: 11 

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.Din 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 ."14 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, I Mb RAM, 4 Mb RAM, EEPROM, SRAM, and 

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

14 Remarks by Director Iancu at the 2019 International Intellectual Property Conference (June 
I 0, 2019), https://www.uspto.gov/about-us/news-updates/remarks-d irector-iancu-2019-
international-intellectual-property-conference 

l I 
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32. The USPTO was not the only organization to recognize Dr. Rao's achievements. 

Some of Dr. Rao's 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 lnstitution. 15 

For example, the Smithsonian has displayed Texas Instruments' experimental I-megabit CMOS 

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

achievement. 16 

33. In I 994, 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:/ Ism ithson ianc h ips.s i. edu/texas/waf er. htm 
16 Texas Instruments Collection Wafer Display, TI number: 000200 (1985), 
http://smithsonianchips.si.edu/texas/t 360.htm 
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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 I imited number of processes, many 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 Exhibit 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 c I aim 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 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. 

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 MPS 

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. 

16 
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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 m 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. 

17 
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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 N0.102734,481 

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. Green thread 

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. Defendant' s 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 

18 
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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 N0.11,121,222 

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. 

19 
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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 VI: INFRINGEMENT OF U.S. PATENT NO. 11,316,014 

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 'O I 4 Patent. 

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

Accused Products. 

91. As alleged above, MPS has and continues to infringe at least one claim of the 'O 14 

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 ' O 14 

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. 

20 
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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 damages 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. § 154(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 

OF COUNSEL: 

Alan L. Whitehurst 
awhitehurst@mckoolsmith.com 
Nicholas J. Matich 
nmatich@mckoolsmith.com 
Arvind Jairam 
ajairam@mckoo Ism ith.com 
MCKOOL SMITH, P.C. 
1999 K Street NW 
Washington, DC 20006 
Telephone: 202-370-8300 
Telecopier: 202-370-8344 

John B. Campbell 
jcampbell@mckoolsmith.com 
MCKOOL SMITH, P.C. 
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Note: Control/ Sect transistors have a single insulator - traditional 
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Storage nodes have a stacked gate structure, typically with 
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SEMICONDUCTOR DEVICES WITH 
GRADED DOPANT REGIONS 

CROSS-REFERENCE TO RELATED 
APPi .I( ·xnoN 

2 
and enhance RGB (Red. Green. Blue) color resolution in 
digital camera lcs. Most of these lechniquc:s either divert the 
minority carriers away form the active n,-gions of critical 
charge storage nodes at the surface, or, increase minority 
carrier density locally as the particular application requires. 

BRIEF DESCRIPTION OF DRAWINGS This application is a Divisional of U.S. application Ser. No, 
10/934,915, filed on Sep. 3, 2004, now 11bandoned which 
application is incorporated herein by reference. 

FIELD OF INVENTION 

for a more complete wtderstanding of the present inven­
tv tion. and the advantages thereof, reference is now made to the 

following 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 bipolar junction 

15 transistors: namely, A uniform base, and 8 - graded base; 
FIG. 2 illustrates the cross section ofa commercial IGBT 

with a unifom1 epitaxial drift region (base): 

This present invention relates to all semiconductor devices 
and systems. Particularly it applies to diflhsed diodes, ava­
lanche diodes, Schottky devices, power MOS transistors, 
JFET's. RF bipolar transistors. IGBTs (Insulated Gate Bipo­
lar Transistors), varactors. digital VLSI, mixed signa I circuits 
and sensor devices including camera !Cs employing CCD 
(Charge Coupled Device) as well as CMOS technologies. 

BACKGROUND OF INVENTION 

FIGS. 3(CJ), 3(b), 3(c), 3(d) illustrnte cross sections com­
monly used CMOS silicon substrate with two wells (one 

]0 n-well in which p-channel transistors are subsequently fabri­
cated, and, one p-well in which n-channel transistors are 
subsequently fabricated)-typical IC, EEPROM using tunnel 
insulator, DRAM and NANO flash; Bipolar Junction transistors (ll.TT) are minority carrier 

devices as the principle device conduction me<::hauism. How­
ever. majority carriers also a small yet finite role in modulat- 15 

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 in 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 30 

(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 lo 
create an 'aiding drift field', to enhance the di11i.1sing minority 3, 

carrier's speed from emitter to collector. How~'Ver, most 
semiconductor devices, including various power MOSFI Ts 
(!rn<litional, DMOS. l111ernl, vet1ical im<l a host of other con­
figurations), IGBT's (Insulated Gated Base Transistors). still 
use a unifonnly doped drift epitaxial region in the base. FIG. 40 

1 shows the relative doping concentration versus distance in a 
R.TT. FIG. hhows the unifom1ly dopedepi region' in a IGIH. 
In contras! to BITs. MOS devices are majority carrier devices 
for conduction. ·nu: conduction is channel dominated. The 
cham1d can be II surface in one plane in pllllwr <levk<!S. The 45 

surface can also be on the sidewalls in a venical device. Other 
device architectures to combine planar and vertical conduc­
tions areal so possible. ·111e maximum f~ucncy ofoperatiou 
is dictated primarily hy source-drain separation distance. 
Most MOS devices use a wti fom1 ly doped substrate ( or a well so 
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 charncterisrics ( eleclron tran-
sit and hole recombination as fast as possible in the case of an 55 
n-channel IOBT) require 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 SRAM's und visual 60 

quality in imaging circuits. FIG. 3(a) shows a typical CMOS 
VLSI device employing a twin well substrate. on which active 
devices are subsequently fabricated. FIGS. 3(b). 3(c). and 
3(d) illustrate device cross sections. as practiced today. 'Ret­
rograde' and 'halo' wells have also been atlcmptcd lo improve 65 

refresh time in DRAM's (dynamic random access memo­
ries). as well as. reducing dark current (background noise) 

FIG. 4 illustrates the cross section of a IGBT, using one 
embodiment of the invention described here, where the 
dopant is optimally graded in the eptaxial drift region; and 

FIGS. 5(a). S(b), 5(c) illustrate the cross sections ofa MOS 
silicon substrate with two wells, and, an underlying layer 
using embodiments of the invention to improve perfonuance 
in each application - VLSI logic, DR..1\M/im;;ige IC. mmvola­
tilc memory IC. 

DETAILED DESCRIPTION OF THE INVENTION 

The relative doping concentrations ofeminer and collector 
regions varies from I OL

8 to l020/cnl, where as the base region 
is 101◄ to 101 ~/cm3 depending on the desired characteristics of 
the BJT. In graded base p-n-p tnmsiston;, the donor dopant 
concentration may be 10 to lOOx at the emitter-base jm1ctio11, 
relative to the base-collector junction (Ix). The gradient can 
be linear, quasi linear. exponential or complimentary error 
ti.mction. The relative slope of the donor concentration 
throughout the base, creates a suitable aiding drift electric 
field, to help the holes (p-n-p trnnsistor) transverse from emit­
ler lo cullcctur. Since the aiding <lrift field helps hole wrn.luc­
tion. the current gain at a given frequency is enhanced. rela­
tive to a uniformly-doped-(base) BJT. l11e improvement in 
cut-off frequency (or. frequency at unity gain, fr) can be as 
large as 2x-5x.Similar perfonnance improvements are also 
applicable to n-p-n transistors. 

As illustrated in FIG. 4, in one embodiment according to 
lhe invention, a <lonur 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 case are accelerated in their transit 
from emitter to collector). The 'average' hase resista111:e is 
optimized, so that conductivity modulation and lifetime (for 
minority carriers) in base region are not compromised. By 
sweeping the carriers towards then' buffer region two advan­
tages are obtained the frequency ofoperotion (combination 
oft

0
,, and t

0
_,as is known in the IGBT commercial nomencla­

mre) can be enhanced. More importantly, during t0;, holes can 
be recombined much quicker at then' buffer layer, compared 
to a unifonuly doped n-epitaxial drift region by establishing 
a different dopant gradient near the n+buffcr layer. It should 
be noted that the drift region can also be a non-epitaxial 
silicon substrate. Epitaxy enhances lifetime. but, epitaxy is 
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not mandatory. Different layers of dopan regions can be trans­
ferred through wafer to water bonding ( or other similar trans­
fer mechanisms) for eventual device fabrication. The "reverse 
recovery time" for an IGBT is significanHy improved due to 
the optimi,:ed grnded dopant in lht? so called "drin region" as 5 

well as at the interfaces of the drift region. Graded dopants 
can also be implemented i11 then+ buffer layer as well as other 
regions adjacent to the respective layers. Two important per­
formance enhancements are the result of dopant gradients. 
For example, in an n-channel IGBT, electrons can be swept tu 
from source to drain rapidly, while at the same time holes can 
bt.: recombined c losi:r to the 11+ buffer layer. This can impruve 
t(on) and t(off) in the srune device. 

As illustrated in FIGS. S(a), S(b), S(c), donor gradient is 
also of benefit to very large scale integrated circuits (VLSI)- t5 
vr .SJ logic. DRAM, nonvolatile memory like NANI> fla~h. 
Spurious minority carriers can be generated by clock switch-
ing in digital VLSI logic and memory )C'S. These unwanted 
carriers can discha~e dyllilmically-hdd ·acliwly held high' 
nodes. Statically held nodes (with V "")cannot be affected, in 20 

most cases. Degradation of refresh time in DR.AM's is one of 
the results, because the capacitor holds charge dynamically. 
Similarly, degradation of CMO8 digital images, in digital 
imaging IC's is another resu It of the havoc caused by minority 
carriers. Pixel and color resolution can be significantly 25 
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 
some high-voltage diodes is not practical for VLSI circuits. 
Hence. a novel technique has been described here by creating )O 

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 35 

also be implemented through wafer to wafer bonding or simi-
lar "transfer" mechanisms. This n-layer can he a deeply­
implanted layer. II 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. 40 

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 progrc11nming of memory cells is executed. The gradeu 45 

dopant can also be used to fabricate superior Junction field­
effect transistors where the "channel pinchoff" is controlled 
by a graded channel instead ofa unifonnly doped channel (as 
practiced in rrior art). 

One ofordinary skill and familiarity in the art will recog• ,o 
nize that the concepts t.iup,ht herein can be customized and 
tailored to a particular application in many advantagwus 
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, as 55 
well triple-well CMOS fahrication 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 of the claims described 60 
below 

Although the invention has been described with reference 
to specific embodiments. these descriptions are not meant to 
be constnied in a limiting sense. Various modifications of the 
disclosed embodiments, as well as alternative embodiments 65 
of the 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 may be 
readily utilized as a basis for modifying or designing other 
stmctures for carrying out the same purposes of the present 
invention. It shou Id al:ro be reali ,:ed by those skilled in the art 
that such equivalent constmctions 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 trne 
scope of the invention. 

Whal is claimed is: 
l. A CMOS Semiconductor device comprising: 
a surface layer; 
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 surface of 

said surface layer and said substmte, said drift layer 
having a graded concentration of dopants extending 
between said surface layer and said substrate, said drift 
layer further having a first static unidirectional electric 
dri n field to aid the movement of minority carriers from 
said surface layer to said substrate; and 

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

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

J. The CMOS Semiconductor device of claim I, wherein 
said drift layer is an epitaxial layer. 

4. The CMOS Semiconductor device of claim I, wherein 
said graded concentration follows a linear gradient. 

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

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

7. TI1e 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; 
ll 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 surface of 

said surface layer and said suhstrate, said drift layer 
having a graded concentration of dopants e1'ltending 
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 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 and a second static unidirectional electric drift 
field to aid the movement of minority carriers from said 
substrate TO SAID SURFACE LAYER. 

9. The CMOS Semiconductor device of cloim 8, wherein 
said drift layer is deeply-in1planted layer. 

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

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

12. TI1e CMOS Semiconductor device of claim 8, wherein 
said graded concentration follows a quasi-linear gradient. 
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13. TI1e CMOS Semiconductor device of claim 8. wherein 
said graded conceulration follows a exponential gradienl. 

14. The CMOS Semiconductor device of claim 8, wherein 
~aid graded concentration follows a complimentary error 
fum;tion gr.idi~nl. 5 
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FIGURE 3(d) Prior art for a NAND flash memory cell 

Note: Control/ Sect transistors have a sing]e insulator - traditional 
MOS transistor. 
Storage nodes have a stacked gate structure, typically with 
a floating gate and control gate comprising the stack. 
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FIGURE 4 A dopant - concentration grinded drift region in a IGBT 
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SEMICONDUCTOR DEVICES WITH 
GRADED DOPANT REGIONS 

2 
3(d) illustrate device cross sections. as practiced today. 'Ret­
rograde' and 'halo• wells have also been attempted 10 improve 
refresh time in DRAM's (dynamic random access memo­
ries). as well as. reducinl! dark current (background noise) CROSS-REFERENCE TO RELATED 

APPl.l<'ATJON 

This continuation application claims priority to and the 
bendit ufU.S. application Ser. No. 13/854.319, filed on Apr. 

s and enhance RGB (Red, (rreen, Blue) color resolution in 
digital camera lcs. Most of these tecluiiques either divert the 
minority carriers away form the active regions of critical 
charge storage nodt:s at the surf.ice, or, increase minority 
carrier densily locally as the particular application requires. I, 20B, which is a continuation of U.S. application Ser. No. 

11/622,496, filed Jan.12.2007, now U.S. Pat. No. 8,421,195, l<J 

which is a divisional ofU.S. application Ser. No. 10/934,915, 
filed on Sep. '.\, 2004, now abandoned, all of which arc incor­
porated by reference. 

BRIEF DESCRIPTION OF DRAWINGS 

FlELl> Or INVENTION 

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

L 5 following descriptions taken in conjunction with the accmu­
panying drawings, in which: 

This present invention relates to al I semiconductor devices FIG. 1 illustrates the rcllltivc doping profiles of emitter, 
base, and collector, for the two most popular bipolar junction 
transistors: namely, A uniform base, and B graded base; 

FIG. 2 illustrdles the cross section ofa commercial IGBT 
wirb a unifonn epitaxial drift region (base); 

and systems. Panicularly it applies to diffused diodes, ava­
lanche diodes, Schoub.-y devices, power MOS transistors, 
JFET's. RF bipolar transistors. IGBTs (Insulated Gate Bipo- 20 

larTransistors), varactors. digital VLSI, mixed signal circuits 
and sensor devices including camera ICs employing CCD 
(Charge Coupled Device) as well as CMOS technologies. 

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

25 cated, and, one p-well in which n-cliannel transistors are 
subsequently fabricated)-typical IC, EEPROM using tl.mnel 
insulator, DRAM and NAND Hash; 

BACKGROUND OF INVENTION 

Bipolar Junction transistors (BJT) are minority carrier 
devices as the principle device conduction mechauism. How­
ever, majority carriers also a small yet finite role in modulat• 
ing the conductivity in BITs. Consequently, both carriers 
( electrons and holes) play a role in 1he switching performance 

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

30 dopant is optimitlly gntded in the ephtxial drift region; and 
FIGS. S(a), S(b ), S(c) illustrate the cross sections ofa MOS 

silicon substrate with two wells, and, an underlying layer 
using embodiments of the invention to improve performance 
in each application VLSI logic, DRAM/image J(', nonvola-

35 tile memory JC. 

of BJTs. 111c maximum frequency of operation in BJTs is 
limited by the base transit time as well as the quick recombi­
m1tion of the majority carriers when the device is switched off 
(prior to beginning lhe next cycle). The dominant c;irrier 
mechanism in BJTs is carrier diffusion. Carrier drift current 
component is fairly small, especially in uniformly doped base 
BJTs. Efforts have been 11ll!de in 11,mded base tmnsislors lo 
create an 'aiding drift field•. to enhance the diffusing minority 
carrier's speed from emitter to collector. However, most 40 

semiconductor devices, including various power MOSFETs 
(traditional, DMOS, lateral, vertical and a host of olher con­
figurations), IGBT's (Insulated Gated Base Transistors). still 
use a uniformly doped drift epitaxial region in the base. FIG. 
1 shows the: relutive doping concentrntion versus distance: in a 4S 

BJT. FIG. 2 shows the 'uniformly doped cpi region' in a 
IGBT. In cootmst to BJTs, MOS devices are majority carrier 
devices for conduction. The conduction is channel domi­
nated. The channel can be a surface in one plane in planar 
devices. TI1e surface can also be on the sidewalls in a vertical su 
device. Other device architectures to combine planar and 
vertical L·,.m<lu-.:tions <1re also possible. The m<1ximum fre­
quency of operation is dictated primarily by source-drain 
separation distance. Most MOS devices use a unifonnly 
doped substrate ( or a well region). When a MOSFET is opli- 55 
mally integrated with a B.IT in a monolithic fash ion, an 1rnrr 
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 os possible in the case of an n-channel IGBT) require 60 
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 SRAM' s and visual 
quality in imaging circuits. FIG. J(a) shows a typical CMOS 65 
VLSI device employing a twin well substrate. on which active 
devices are subsequently fabricated. FIGS. J(b), 3(c). and 

DFTAII .ED DESCRIPTION OF Tl IE INVENTION 

The relative doping concentrations of emitter aud collector 
regions varies from I 0 18 lo 102°/cm3

, where as the base region 
is 1014 to I016 /cm3 depending on the desired characteristics of 
the BJT. In graded hase p-n-p transistors, the donor dopant 
concentration may be l Oto I OOx at the emitter-base junction, 
relative to the base-collector junction (Ix). The gradient can 
be linear, quasi linear, c:xponenlial or L-omplimenl,u)' 1:rror 
function. The relative slope of the donor concentration 
throughout the base, creates a suitable aiding drift electric 
field, to help tbe holes (p-n-p transistor) transverse from emit­
ter 10 collector. Since the aiding drift field help~ hole conduc­
tion. the current gain at a given frequency is enhanced. rela­
tive to a uniformly-doped-(base) BJT. TI1c improvement in 
cut-o!T rrequcncy (or, frequency al unity gain, fr ) 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 estahlished 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 trans ii 
from emitter to collector). The 'average' base resistance is 
optimized, so that conductivity modulation and lifetime (for 
minority carriers) in base region are not compromised. By 
sweeping the carriers towards then' buffer region two advan­
tages are obtained- the frequency of operation ( combination 
oft..,, and t

0
.,-os is known in the IGBT commercial nomcncla• 

ture) caa been.hanced. More importantly, during t 0p holes can 
be recombined much quicker at then' buffer layer. compared 
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to a unifomily doped n- epitaxial drift region by establishing 
a different dopant gradient near then+ buffer layer. It should 
be noted that the drift region can also be a non-epitaxial 
silicon substrate. Epitaxy enhances lifetime, but. epitaxy is 
not mandatory. Different layers of dopan regions can be trans- ~ 

ferred through wafer to wafer bonding ( orother similar trans-
fer 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 drill region. Graded dopant$ l'J 

can also be implemented in then+ buffer layer as well as other 
regions adjacent to the respective layers. Two important per­
formance enhancements arc the result of dopant gradients. 
Por example, in an n-channel IGBT, electrons can be swept 

15 
from source to drain rapidly, while at the same time holes can 
be recombined closer to the n+ buffer layer. This can improve 
t(on) and t(off) in the same device. 

The following paragraph, beginning on page 5, line 6. and 
ending on page 11, line 28. is amended as indicated in the 20 

marked up version below: 
As illustrated in FIGS. S(a), S(b), 5(c), donor gradient is 

also of benefit to very large scale integrated circuits (VLSI)­
\'LS I logic. DRAM, nonvolatile memory like NANO flash. 
Spurious minority carriers can be generated by clock switch- 25 

ing in digital VLSI logic and memory )C'S. These unwamed 
carriers can diseha~e dynamically-held 'actively held high' 
nodes. Statically held nodes (with Vee) can not be affected, in 
most cases. Degradation o f refresh time in DRAM's is one of 
lht: rt:sults, because the capacilor holds chargt: dym1mically. JO 

Similarly, degradation of CMOS digital images, in digit<1l 
imaging IC's is another result of the havoc caused by minority 
carriers. Pixel and color resoltition can be significantly 
enhanced in imaging !C's with the embodiments described 

3
, 

ht:re. Cn:aling 'Sub Terrnin' ret:nmbination ccnlc:n; under­
neath the wells (gold doping. platinmn doping) as is done in 
some 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 unwallled minority carriers into the 40 

substnilt: as quid<ly as possible:, from the active: cin:uitry al 
the surface. In a preferred embodiment, the subterrain n-laycr 
has a graded donor concentration to sweep the minority car­
riers deep into the substrate. One or more of such layers can 
also be: implcmc:nlell through waft>r to wafor oom.ling or simi- 45 

Jar "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 surface a~ well. 
The graded dopant can also be implemented in surface chan- ;u 
nel MOS devices to accelerate majority carriers towards the 
drJin. In nonvolatile memory <lt:vici:s, to decrease progrJm­
ming time, carriers should be accelerated towards the surface 
when progranuuing of memory cells is executed. The graded 
dopant can also be used to fabricate supt:rior Junction field- 55 
effect transistors where the "channel pincht)ff" is eontmlled 
by a graded channel instead of a un.ifonnly doped channel (as 
practiced in prior art), 

One of ordinary skill and familiarity in the an will recog­
nize that the conceprs taught herein can be customized and 60 

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, NANO, multivalued-cell ). Moreover, single well, as 
well triple-well CMOS fabrication tcchniqu~-s can also be 6; 
optimized to incorporate these embodiments. individually 
and collectively. Any modifications 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 
below 

Although the invention has been described with reference 
to specific embodiments, these descriptions arc n<>t meant to 
be constmed in a limiting sense. Various modifications of the 
disclosed embodiments, as well as alternative embodimellts 
of the invention will become apparent to pcrsons skilled in the 
art upon reference to the description of the invention. It 
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 
stmcturcs for carryillg 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 claims will cover any 
such modifications or embodiments that fall within the tnie 
scope of the invention. 

What is claimed is: 
1. A semiconductor device comprising: 
a surface layer; 
a substrate; 
an active region including a source ond n 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 
lmving 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 drifi layer, 
said well region having a graded concentration of 
dopants generating a second static unidirectional elec­
tric <lrifi fidd 10 aid the move1m:nl of minority carrit:r~ 
from said substrate to said surface layer. 

2. The semiconductor device of claim 1 wherein said first 
and second static unidirectional electric fields are adapted to 
respective grading of dopants to aid movements or carriers in 
respective active regions. 

3. lhe semiconductor device of claim 1 wherein the semi­
conductor device is a ccntml proct:ssing unit (CPU). 

4. 1l1c semiconductor device of claim 1 wherein the semi­
conductor device is a DRAM device. 

S. The semiconductor device of claim 1 wherein the semi­
cooductor device is a flash memo ry device. 

6. The semiconductor device of claim 1 wherein the semi-
conductor device is an image sensor device. 

7, A semkonductor device comprising: 
a surface layer; 
a substrate; 
an active region including a source and a drain, disposed on 

one surface or 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 concemration of dopants generatiug a 
first static unidirectional electric drifi field to aid the 
movement of minority carriers from said surface layer to 
said substrate; 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 unidin.-ctional elec­
tric drift field to aid the movement of minority carriers 
from said surface 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 
respt:etive grading of dopants to aid movements of carriers in 
respective active regions. 

9. The ~emiconduclor device of daim 7 wherdn the semi- s 
conductor device is a cc111ral processing unit (CPU}. 

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

t t . The semiconductor device of claim 7 wherein the semi-
conductor device is a flash memory device. IU 

12. ·1 he semiconductor device of claim 7 wherein the semi­
conductor device is an image sensor device. 

• • • * • 

6 
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SEMlCONDUCTOR DEVICES WITH 
GRADED DOPANT REGIONS 

CROSS-REFl:iRENCE TO RELAll-:0 
APPI.lC ATJONS 

This application is a Continuation of U.S. patent appli­
cation Ser. No. 14/931,636, filed Nov. 3, 2015, published on 
Jun. 16, 2016 as U.S. Publication No. 2016-0172447. now 
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Feh. 5, 2015. as U.S. Publication No. 2015-0035004, now 
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on Aug. 29, 2013, as U.S. Publication No. 2013-0221488. 
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R,421,195, issued on Apr. 16, 2013. Application Ser. No. 
1 I /622,496. is a Division of U.S. patent application Ser. No. 
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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 

2 
sidewalls in a vertical device. Other device architech.Jres to 
combine planar iiml vertical conducliuns are alw 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 trans it and 

10 hole recombination as fast as possible in n-charu1el IGBT) 
necessitate different dopant gradients either in the same 
layer at di llerent positions, or at the interfaces of similar or 
dissimilar layers. 

Retrograde wells have been attempted, with little success, 
15 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, JC, 
ltnd 3D illustrate device cross sections. as practiced today. 

2•> Retrograde and halo wells have also been attempted to 
improve refresh time in ORAMs (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 cri1ical 
charge storage nodes at the surface, or, increase minority 
carrier density loc111ly as the particular application requires. 

BRIEF DESCRIPTION OF THE DRAWINGS 
30 

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

FIG. 1 illustrates the relative doping profiles of emitter, 
base and collector for the two most popular bipolar junction 
transistors: namely, unifom1 base {"A") and graded base 
(''B"); 

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 35 
Gate Bipolar Transistors), varactors. digital VLSI, mixed 
signal circuits nnd sensor devices including camera JCs 
employing CCD (Chaige Coupled Device) as well as CMOS 
technologies. PIG. 2 illustrates the cross section of a commercial !GOT 

40 witb a uniform epitaxial drift region (base); 
BACKGROUND 

Bipoh1r Junction Transistors (BJT) are classified as minor-

FIGS. 3A, 38, 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-we\l in 
which p-channel transistors are subsequently fabricated and ity ciirrier devices because minority carriers are lhe principle 

device conduction mechanism. However, majority carriers 
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 BJTs. The 
maximum frequency of operation in BJTs is limited by the 
base transit time as well as the quick recombinalion of the 
majority carriers when the device is switched off (prior to 
beginning the next cycle). The dominant carrier mechanism 

45 one p-well in which n-channel transistors are subsequently 
fabricated): FIG. 3B showing a prior art EEPROM (Elec­
tronically Erasable Programmable Read-Only Memory) 
memory cell having a tunnel insulator; FIG, JC showing a 
prior rut DRAM memory cell; and FIG. 3D showing a prior 

50 art NANO 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. SA. 58. and SC illustrate the cross sections of o 
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. 

in BJTs is carrier diffusion. The carrier driti current com­
ponent 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 mioority 
carrier's speed from emitter to collector. However, most 
semiconductor devices. including various power MOSPETs 
(traditional, DMOS. lateral. vertical and a host of other 
configurations), IGBT's (Insulated Gated Base Transistors), 60 

still use a uniformly dupoo '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 BITs, MOS devices are 
majority carrier devices for conduction. The conduction is 65 

channel dominated. '!he channel can be a surface in one 
plane in planar devicC$. The surface can also he on the 

DETAILED DESCRIPTION 

The relative doping concentrations of emitter and collec­
tor regions varies from 1018 to Ja2°tcm3

, whereas the base 
region is 101"' to 1016/cm3 depending on the desired char· 
actcristics of the BJT. In graded base p-n-p transistors, the 
donor dopant concentration may be 10 lo I OOx at the 
emitter-base junction, relative to the base-collector junction 



Greenthread Ex. 2026, p. 68 of 260 
MPS v. Greenthread 

IPR2024-00552

Case 1:23-cv-00579-UNA Document 1-3 Filed 05/26/23 Page 15 of 16 PagelD #: 68 

US 10,510,842 B2 
3 

(Ix). The gradient can be linear. quasi linear, exponential or 
complimentary error function. The relative slope of the 
donor conL·tmtration throughout the base creates a su itable 
aiding drift electric field, to help the boles (p-n-p transistor) 
transverse from emitter to collector. Since the aiding drift 5 

electric field helps hole conduction, the current gain at a 
given frequency is enhanced, relative to a 1mifonnly-doped 
(base) BJT. The improvement in cut-off frequency (or, 
frequency at unity gain, I~) can be as Ja.cge as 2x-5x. Similar 
rerformance improvements are also applicahle to n-p-n 10 

lrnnsbtors. 
As illustrated in FIG. 4, in one embodiment according to 

the invention. a donor gradient is established from the 
emitter-driti epitaxial base region junction of the punch­
through IGBT, to the drift epitnxiol base region- n• buffer ts 
layer boundary (electrons in this case arc 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• 20 

bufler region a number of advantages arc obtained. First, the 
frequency of operation (combination of 10 ,. and 1

01 
as is 

known in the IGBT conuuercial nomenclature) can be 
enhanced. Second. and maybe more importamly. during 10.d' 
holes can be recombined much quicker at then• butler layer, J5 
compared to the uniformly doped n-epitaxial drift region by 
establishing a different dopant gradient near the 11• buffer 
layer. II should be noted that th«: drifi region c:an also be a 
non-epitaxial silicon substrate. Ahhough epitaxy enhances 
lifetime, it is not mandatory. Dilferent layers of dopant J,) 

regions can be transferred through wafer to wafer bonding 
(or other similar trc1nsfcr mechanisms) for eventual device 
fabrication. J'he "reverse recovery time" for an JUBT is 
significantly improved due to the optimized graded dopant 
in the so called "drift region" as well as at the interfaces of 3~ 

the drift region. Gr.1ded dopants <.an also be implemented in 
the n• buffer layer as well as other regions adjacent to the 
respective layers. Two importam perforniance enhancc­
mel\ls are the result of dopant gradients. for example, in an 
n-chmmel IGBT, electrons can be swept from source to drain 40 

rapidly, while at the same time holes can be recombined 
closer to then• butter layer. This can improve t0,. and l0ffin 
the same device. 

As illustmted iu FIGS. SA, SB, ;md SC. donor gradient is 
also of benefit to very large scale integrated circuits 45 

(VLSI)-VLSI logic. DRAM. nonvolatile memory like 
NANO trash. 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. In most cases, statically-held so 
nodes (with v .. .) cannot be affected. Degradation of refresh 
time in DRAMs is one of the rcsulls. because the capacitor 
holds charge dynamically. Similarly, degradation of CMOS 
digital images io digital imaging !Cs is another result of the 
havoc caused by minority carriers. Pixel and color resolution 55 
can be significantly enhanced in im,~ging !Cs with the 
embodiments described herein. Creating "subterranean" 
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 60 
described herein which cnmles a drifl field lo 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 
n- laycr has a graded donor concentration to sweep the 65 

minority carriers deep into the substrate. One or more of 
such layers can also be implemented through wafer to wafer 

4 
bonding or similar "transfer" mechanisms. 11us n-Jayer can 
he a deeply-implanted layer. It can also he an epitaxial layer. 
As d1.-sircd, the n-well ,rnd p-wells Cllll aho be 19"aded or 
retrograded in dopants 10 sweep those carriers away from the 
surface as well. 111e graded dopant can also be implemented 
in surface channel MOS devices to accelerate majority 
carriers towards the drain. To decrease programming time in 
nonvolatile memory devices, carriers should be accelerated 
towards the surface when programming of memory cells is 
executed. l11c graded dopant can also he used to fahricate 
superior Junction Field-fiJJect lransislors when: the "channel 
pi~h-off' is controlled by a graded channel instead of a 
unifom1ly doped channel (as practiced in the prior art). 

One of ordinary skill and familiarity in the art will 
recognize that the concepts taught hert-'in can be customized 
and tailored to a particular application in many advanta­
geous ways . ror instance, minority carriers can be channeled 
tu the surface to aid programming in nrmvolatile memo!)' 
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 
to specific embodiments. these descriptions are not meant to 
be constmed in a limiting sense. Various mollifications 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 
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 
strucn1res for carrying out the same purposes of the present 
invt:nlion. It should also be realit:ed by tl~se skilled in the 
art that such equi valcnt constructions do not depart from the 
spirit and scope of the in vent ion 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 tmc 
scope of the invention. 

Whal 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 surface of 

the substrate 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 
ilisposed 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 dopant con­
centratio11 to aid carrier movement fmm the first sur­
face to the second surface of the substrate. 

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

3 . The semiconductor device of claim l, wherein the 
substrate is an n-type substrate. 

4. The semiconductor device of claim l. wherein the 
substrate has epitaxial silicon 011 top of a nonepitaxial 
substrate. 
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5. The semiconductor device of claim I, wherein the first 
active region and second active region contain one of eilher 
p-channel and n-channel devices. 

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

substrnte is a p-lype substmle. 

6. The semiconductor device of claim 1, wherein the first 
active region and second active region contain either p-chan- 5 
nel or n-channel devices inn-wells or p-wells. respectively, 
and each well has a graded dopant. 

II. The semiconductor device of claim 9, wherein the 
substrate is an n-typc substrate. 

12. The semiconductor device of claim 9. wherein the 
substrate has epitaxial silicon on top of a· nonep itaxial 
substrate. 

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

8. "!be semiconductor device of claim I, wherein the 
graded dopant is fabricated with an ion implantation pro­
cess. 

9. A semicondm:tor 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 n second doping type opposite in 
conductivity to the first doping type and within which 
transistors can be fom1ed in the surface thereof 

a second active region separate from the first active ~gion 
disposoo adjacent to the first active region and within 
which transistors can be formed in the surface thereof 

transistors fom1ed in at least one of the first active regio~ 
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
ceutration to aid carrier movement from the surface to 
the substrate. 

13. 1l1e semiconductor device of claim 9, wherein the tirst 

10 
active region and second active re&ion contain at least one 
of either p-channel and n-channel devices. 

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

15 
and each well has a graded dopant. 

~5. The semicunduclor 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 

20 
graded dopnnt is fabricated with an ion implantation pro­
cess. 

17.1be semiconductor device of claim I, wherein the first 
and second active regions are formed adjacent the first 
surface of the substrate. 

25 
18. The semiconductor device of claim 1, wherein the 

transistors which can be fanned in the first and second active 
regions are CMOS transistors requiring a source, a drain. a 
gate and a channel region. 
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TECHNICAL FIELD 

This present invention relates to all semiconductor 
devices nnd systems. Particularly it applies lo diffused 
diodes, avalanche diodes, Schottky devices, power MOS 
transistors, JfITT's, RF bipolar transistors, IGOTs (Insulated 
Gate Bipolar Transistors), varaclors. digital VLSJ, mixed 
signal circuits and sensor devices including camera !Cs 
employing CCD (Charge Coupled Device) as well as CMOS 
technologies. 

BACKGROUND 

Bipolar Junction Transistors (BJT) are classified as minor-

2 
region in an IGDT. In contrast to BITs, MOS devices are 
majurity carrier devices for conduction. The conduc lion is 
channel dominated. The channel can be a surface in one 
plane in planar devices. ·the surface can also be on the 

S 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 

Ill MOSFET is optimally integrated with a BJT ina monolithic 
fashion. an l<.H:n results. The IGHT 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) 

ts necessitate different dopruit 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 

21) quality in imaging circuits. FIG. JA shows a typical CMOS 
vr .SI device employing a twin well substrate. on which 
active devices are subsequently fabricated. FIGS. 3B, JC, 
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 current (background 
noise) and enhance RGB (Red, Green, Blue) colorresolution 
in digital camera ICs. Most of these techniques either divert 
the minority carriers away from the active regions of critical 

ll) charge storage nodes at the surface, or, increase minority 
carrier density locally .ts 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 
the following descriptions taken in conjunction with the 
accompanying drawings, in which: 

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

transistors: namely, uniform base ("A") and graded base 
("B"); 

45 

FIG. 2 illustrates the cross section ofa commercial IGBT 
with a unifonn epitaxial drift region (base); 

FIGS. 3A, 3B, JC, 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 u1 which n-channcl transistors are subse-

so quently fabric111cd}; FIG. JB showing" prior art EEPROM 
(Electronically Erasable Programmable Read-Only 
Memory) memory cell having a tunnel insulator; FIG. JC 
showing a prior art DRAM memory cell; and FIG. JD 

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 Bffs. Consequently, both carriers (electrons and 
holes) play a role in the switching performance ofBJTs. 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 55 

beginning the next cycle). The dominant carrier mechanism 

showing a prior art NANO flash memory cell: 
FIU. 4 illustrates the cross section of an IUHT, using one 

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

FIGS. SA, SB. and SC illustrnto: the cross sections of 11 
CMOS silicon substrate with two wells and an underlying 

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

in BJTs is carrier diffusion. The carrier drift current com­
ponent is fairly small, especially in uniformly doped base 
AJTs. Efforts have been made in graded hase transistors to 
create an aiding drift field to enhance the diffusing minority 
carrier'~ sp«d from emitter to 1.-ullector. How.:ver, 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 tbc 65 

base. FIU. 1 shows the relative doping concentration versus 
distance in a RJT. FIG. 2 shows the uniformly doped epi 

DETAILED DESCRIPTION 

The relative doping concentrations of emi«er and collec­
tor regions varies from 1018 to I Ol0/cm3, whereas the hase 
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possible. In a preferred embodiment. the subterranean n­
laycr has a gr<1ded donor concentration to sweep lh!! 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- lavercan 
be a deeply-implruued layer. It can also be an epitaxi;I layer. 
As desired. the n- well and p- wells can also be graded or 
retrograded in dopanls to sweep those carriers away from the 
surface as well. TI1e graded dopant can also be implemenled 
in surface channel MOS devices to accelerate majority 
carriers towards the drain. To decrease programming time in 
nonvolatile memory devices, carrier.; should be accelerated 
towards the surface when programming of memory cells is 

region is 1014 to 1016/cm3 depending on the desired char­
acteristic.~ of lhe RJT. In graded base p-n-p transistors, 1he 
<lunor tlopanl com.:emr.ition may be 10 lo IOOx ill the 
emitter-base junclion. relative to the base-collector junction 
(Ix). TI1e 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 
electric field helps hole conduction, the current gain al a tO 

~iven frequency is enhanced, rdative to a Wliformly-duped 
(base) BJT. The improvement in cut-off frequency (or, 
frequency at unity gain, f rl can be as large as 2x-5x. Similar 
performance improvements are also applicable to n-p-n 
transistors. 15 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 
unifom1ly doped channel (as practiced in the prior art). 

As illustrated in FIG. 4, in one embodiment according to 
the invention. a donor gradient is established from the 
emitter-drift epilaxial 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 I heir 20 
transit from emitter to collector). The "average" base resis­
tance is optimized so that conduclivity modulation and 
lifetime (for minority carriers J in the base region are not 
compromised. By sweeping the carriers towards the n+ 
butler region a number of advantages are obtained. first, the 25 
frequency of operation (combination of t0 ,. and 1

0
..,- as is 

known in the IGDT conunercial nomenclature) can be 
enhanced. S1.-con<l, and maybe more imponanlly, durinB l011' 
holes can be recombined much quicker at then+ buffer layer, 
compared to the uniformly doped n- epitaxial drift region by 30 
establishing a different dopant gradient near the n~ buffer 
layer. It should be noted thal the drift region can olso be a 
non-epitaxial silicon substrate. Although epitaxy enhances 
lifetime. it is not mandatory. Dillcrcnt layers of dopllllt 
regions can be transferred through wafer to wafer bonding 3~ 

(or other similar transfer mechanisms) fur eventual tlevice 
fabrication. The "reverse recovery time" for an lGBT is 
significantly improved due 10 the op1imized graded dopant 
in 1he so called "drift region" as well as at the interfaces of 
the drift region. Graded dopants can also be implemented in 40 
the n• buffer layer as well as other regions adjaccut to the 
respective layers. Tv.'o imponant perfonnance enhance­
ments are the result of dopant gradients. For example, in an 
n-clwnnel IGBT, dectron~ r.:an be swept from suurr.:e to drain 
rapidly, while at the same time holes can be f\."eOrobined 4S 

closer to the n• bulfor layer. TI1is can improve!.,, and bf in 
the same device. 

As illustrated in FIGS. SA. 5B, and SC. donor gradient is 
also o f benefit to very large scale integrated circuits 
(VT.Sl}-VJ.SI logic, ORAM, nonvolatile rnernory like so 
NANO flash. Spurious minority carriers can be generated by 
clock switching in digital VLSI logic and memory !Cs. 
These unwanted carriers cllll discharge dynamically-held 
"actively held high" nodes. In most cases, statically-held 
nodes (with V .,..) callllot be affected. Degradation of refresh 55 
time in DR.AMS is one of the results. because the capacitor 
holds charge dynamically. Similarly, degradation of CMOS 
digilal images iu digital imaging I Cs is another result of the 
havoc caused by minority carriers. Pixel and color resolmion 
can be significantly enhru1ced in imaging ICs with the 60 

embodiments described herein. Creating "sub1erranean" 
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 

One of ordinary skill and familiarity in the art will 
recognize chat the concepls taughl herein can be customized 
and tailored to a panicular application in many advanta­
geous ways. for instance, minority carriers can be chrumeled 
lo the surface lo aid programming in nonvolatile memory 
devices (NOR, NANO. multivalued-cell). Moreover. single• 
well, and triple-well CMOS fabrication 1eclmi4ues 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 
invenlion. Hence, they fall within the scope of the claims 
described below. 

Although lhe invention has been described with reference 
lo specific embodiments. these descriptions are not me-,mt to 
beconslrued in a limiting sens!!. Various motlilicatiuns of the 
disclosed embodiments, as well as alternative embodiments 
of the invention will become apparent to persons skilled in 
the an upon reference to the description of the invemion. It 
should be appreciated by those skilled in the art that the 
conceptiou and the specific embodiment disclosed may be 
readily utilized as a basis for modilying or designing other 
stmclures for carrying out the same purposes of the present 
invention. It should also be realized by those skilled in the 
an that such equivalenl constructions do 1101 depart from the 
spirit and scope of the invention as set forth in the appended 
claims. 

It is therefore. conlemplated thot the claims will cover any 
such modifications or embodiments that fall within the tmc 
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 surface of 

the substrate with a second doping type opposite in 
conductivity to the first doping type and wilhin which 
transistors can be fonned; 

a second acti vc region separate from the first active region 
disposed adjacenl lo the first active region and within 
which transistors can be fom1ed; 

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

at least a ponion 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 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 one 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 
substr,He. 

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

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

4. Tue semiconductor device of claim 1, wherein the first 
active region and second active region contain one of either 11) 

p-charn1d and n-cluinnel devices. 
S. The semiconductor device of claim 1, wherein the first 

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

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. 

15 

7. The semiconductor device of claim I, wherein the 
graded dopant is fabricated with an ion implantation pro- 20 
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. Tue semiconductor device of claim 1, wherein dopants 25 
of the graded dopant concentration in the first active region 
or the second active region are either p-type or n-type. 

6 
a second active region separate from the first active region 

disposed adjacent to the first active region and wi1hin 
which transistors can be formed in the surface thereof: 

transistors formed in at least one of the firnt active rcgio~ 
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 10 

the substrate; and 
at least one well region adjacent to the first or second 

active region containing ut 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-typc substrate. 

B. The semiconductor device of claim 20, wherein the 
:mbstrote 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 inn-wells or p-wells, respec­
tively, and each well has at least one graded dopant. 

10. The semicondm;tor device of claim 1, wherein dop­
ants of the graded dopant concentration in the first active 
region are both p•lype and n-type. 30 26. The semicumluctor device of claim 20, wherein the 

first active region and second active region are each sepa­
rated by at least one isolation region. 

11. l11e semiconductor device of claim 1, wherein dopants 
of the graded dopant concentration in the second active 
region are both p-lype and n-type. 

12. The semiconductor device of claim 1, wherein dop­
ants of the graded dopant region in the well region are both 35 
p-type and n-type. 

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. 

13. The semiconductor device of claim I, wherein 1he 
transistors which can be formed in the first and second active 
reg!ons are CMOS transistors requiring at least a source, a 
dram, a gate and a channel. 40 29. '!he 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. 

14. lbe semiconductor device of claim I. wherein the 
device is a dynan1ic random access memory (DRAM). 

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

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

45 p-type and n-type. 
31. The semiconductor device of claim 20, wherein the 

graded dopant is fabricated with an ion implantation pro­
cess. 

16. 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 50 

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 55 

having first and second surfaces; 
a first act ivc region di sposcd adjacent the first surface of 

the substrate with a second doping type opposite in 
conductivity to the first doping tyr,e and within which 
transistors can be fom1ed in the surface thereof; 

32. The semiconductor device of claim 20, wherein the 
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. 

3S. 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 wm1 
GRADED DOPANT REGIONS 

CROSS-REFERENCE TO RELATED 
APPi WATIONS 

T11is 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 Ser. No, 14/931,636, filed Nov. 3, 2015, 
which is Continuation or U.S. patent application Ser. No. 
14/515,5ll4. filed Oct. 16, 2014, which is a Continuation of 
U.S. patent application Ser. No. 13/854.319 filed Apr. I, 
2013. which is a Continuation of Ser. No. 11/622.496, filed 
Jan. 12, 2007, which is a Divisional of U.S. patent applica­
tion Ser. No. 10/934,91.5, 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, avahmche diodes, Sd1011ky devices, p<.mer MOS 
transistors, J['ET's, RF bipolar transistors, IGBTs (Insulated 
Gate Bipolar Transistors), varactors. digital VLSI, mixed 
signal circuits and sensor devices including camera ICs 
employing CCD {Cha~e Coupled Device) as well as CMOS 
technologies. 

BACKGROUND 

Bipolar J unclion Transistors (BJT) are classi fled as minor­
ity carrier devices because minority carriers are the principle 
device <:omluction mechanism. 1 lowever, majority carriers 
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 13JTs. The 
maximum frequency of operation in BJTs is limited by the 
base transit lime as well as the quick recombination of the 
majority carriers when the device is switched off (prior to 
beginning the next cycle). The dominant carder mechanism 

2 
hole recombination as fast as possible in n-channel IGl3T) 
nt'Cessitate d ifferenl dopant gradie!lls either in the smne 
layer at different positions, or al the interfaces of similar or 
dissimilar layers. 

5 Retmgrade wells have heen attempted. with little success, 
lo help improve soft error immunity in SRAMs and visual 
quality in imaging circuits. FIG. JA shows a typical CMOS 
VLSI device employing a twin well substrate. on which 
active devices are subsequently fabricated. FIGS. 38. JC, 

I•) and 3D illustrnte device cross sections. as practiced today. 
Retrograde and halo wells have also been anempted to 
improve refresh time in DRAMs (dynamic random-access 
memories), as well as, reducing dark current (background 

15 noise) and enhance ROB (Red, Green, Blue) color resolution 
in digital camera lCs. 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 following descriptions taken in conjunction with the 
accompanying drawings, iu which: 

FIG. I illustrates the relative doping profiles of emitter. 
base and collector for tJ1e two most popular bipolar junction 
transistors: namely, uniform base ("A") and grnded base 

10 ("B"); 
FIG. 2 illustrates the cross section ofa commercial IGBT 

with a 11nifon11 epitaxial drift region (hase): 
FIGS. 3A, 3B, 3C, and 3D illustrole cross sections of 

commonly used prior art CMOS silicon substrates: FIG. 3A 
1, 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-ctuuU1el transistors are subsequently 
fabricated}; FIG. JB showing a prior art EEPROM (Elec­
tronically Erasable Programmable Read-Only Memory) 

40 memory cell having a tunnel insulator; FIG. JC showing a 
prior art DRAM memory cell; <1nd FIG. 3D showing a prior 
ar1 NAND 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 
in BJTs is c~rrier <lilTusion. The Cilrrier drift current c.:om­
ponem 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 diffbsing minority 
carrier's speed from emitter to collector. However. most 
semiconductor devices. including various power MOSf-ETs 
(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 11.!e 
base. FIG. l shows the relative doping concentration versus 
distance in a BJT. FIG. 2 shows the uniformly doped epi 
region in an IGBT. In contrast 10 BJTs, MOS devices are 55 

majority carrier devict."S for conduction. Tlte conduction is 
clultlncl domiootcd. 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. 60 

The maximum frequency of opemtiun is dictatt'l.i primarily 

FIGS. SA. SB. and SC illustrate the cross sections of a 
CMOS silicon substrate with two wells and an underlying 
layer using emhodimenls of the irivention to impnwe per­
formance in each application- VLSI logic, DRAM/image 

,;o JC, nonvolalile memory IC. 

DETAILED DESCRIPTION 

The relative doping concentrations of eminer and collec­
tor regions varies from 1018 to 1020/cm3• whereas the base 
region is !014 to 10'6/cm3 depending on the desired char­
acteristics of the BJT. In graded base p•n-p transistors, the 
donor dopant concentration may be 10 to IOOx at the 
emitter-base junction, relative to the base-colleclor junction 
(Ix). The gradient can be linear, quasi linear, exponential or 
complimentary em>r function. The rel.1tive 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 
electric field helps hole conduction. the current gain at a 
given frequency is enhanced, relative to a unifom1ly-doped 
(base) A.IT. The improvement in cut-off frequency (nr, 

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 6" 
of both MOSFET and BJ'J'. It also brings new challenges 
because the required characteristics (electron transit and 
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frequency at unity gain, fr) can be as lal'}!;e as 2x-5x. Similar 
performance improvements are also applicable to n-p-n 
transistors. 

As illustrated in FIG. 4, in one embodimenl according to 
the invenlion. a donor gradienl is established from the 5 
emi1ter-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 optimir.ed so that conductivity modulation and 10 

lifetimt: (for minority carrit:rs) in tht: base region <1re not 
compromised. By sweeping the carriers towards the n+ 
buffer region a number ofadvantages are obtained. First, the 
frequency of operation (combination of t

0
,, and t

0
ff as is 

known in the IGBT commercial nomenda1ure) can be 15 

enhanced. Second, and maybe more importantly, during t
0
.ff' 

holes can be recombined much quicker at then+ butler layer, 
compared to the uniformly doped n-epitaxial drift region by 
establishing a different dopant gradient near the n+ buffer 
layer. It should be noted that the drift region can also be a 20 

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 IGDT is 25 

significantly improved due to the optimized graded dopant 
in the so called "drift region" as well as al the interfaces of 
the drift regiun. Gra<lt:<l dupanls can also be implemented in 

4 
towards the surface when prograllllDing of memory cells is 
executed. The gmded 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 
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 customized 
and tailored to a particular application in many ad-vaata­
geous ways. For instance, minority earners can be channeled 
to the surface to aid programming in nonvolatile memory 
devices (NOR, NAND. multivalued-cell). Moreover. single­
welt, 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 
to specific embodiments, these descriptions are not meant to 
be l.-onstmed in a limiting senst:. V.1rious mo<lific11tions of the 
disclosed embodiments, as well as alternative emboclimems 
of the invention will become apparent 10 persons skilled in 
the art upon reference to the description of the invention. It 
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 
slmctures for carrying oul the s<1me purpost!s of the present 
invention. It should also be realized by those skilled in the 
art that such equivalent consln1ctions do not depart from the 
spirit and scope of the invention as set forth in the appended 
claims. 

the n+ buffer layer as well as other regions adjacent to the 
respective layers. Two important performance enhance- JO 
ments are the result of dopant gradients. For example, in an 
n-channcl IGBT, electrons can be swept from source to drain 
rapidly, while at the same time holes can be recombined 
closer to then• buffer layer. This can improve t

0
" and t

0
ffin 

the same device. 
It is therefore, contemplated that the claims will cover any 

3, such modifications or embodiments that fall within the true 
scope of the invention. As illustmted in FIGS. 5A, 58, and 5C. donor gr.1<lienl is 

also of benefit to very large scale integrated circuits 
(VLSI}--VLSI logic, DR-1\.M, nonvolatile memory like 
NAND flash. Spurious minority carriers can be generated by 
clock switching in digital VLSI logic and memory !Cs. 40 

'l11ese unwanted carriers can discharge dynamically-held 
"actively held high" nodes. In most cases, sta1ically-held 
nodes (with V,.J cannot be affected. Degradation of refresh 
time in DRAMs is one of the results, becaust: the capacitor 
holds charge dynamically. Similarly, degradation of CMOS 45 

digital images in digital imaging !Cs is another result of the 
havoc caused by minority carriers. Pixel and color resolution 
can be significantly enhanced in imaging !Cs with the 
embodiments described herein. Creating "subterranean" 
recombination centers underneath the wells (gold doping, 50 
pla1inum doping) as is done in some high-vohage diodes is 
not practical for VLSI 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 substra1e in a monolithic die as quickly as s; 
possible. In a preferred embodiment, the subterranean 
n-layer has a graded donor concentration to sweep the 
minority carriers deep into the substrate. One or more of 
such layers can also he implemented through wafer to wafer 
bonding or similar "transfer" mechanisms. This n-layer can 60 

be a deeply-implanted layer. It can also be an epit.ixial 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 implemented 
in surface channel MOS devices to accelerate majority 65 

carriers towards the drain. lo decrease programming time in 
nonvolatile memory devices, carriers should he accelerated 

What is claimed is: 
1. A VLSI semiconductor device, comprising: 
a substrate of a first doping type at a firs1 doping level 

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

second doping type opposite in conductivity to the first 
<loping 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 fornu:d 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 oue graded dopant con­
centration to aid carrier movement from the first and 
second active regions towards 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 towards the area of the substrate 
where there are no ac1ive regions, wherein at least some 
of lht: tmnsiston; form digital logic of tht: VLSI st:mi­
conductor device. 

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

3. The VLSI semiconductor device of claim 1. wherein 
!he substrate has epitaxial silicon on top of a nonepitaxial 
suhstrate. 
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4. The VLSI semiconductor device of claim I, wherein 
the first active region and second active region contain 
digiwl logic fomu:d by one of eill1t:r p-chaiu1el am.I tH.:h,tn­
nel devices. 

6 

S. The VLSI semiconductor device of claim 1, wherein 5 

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 dopanl. 

at least one well region adjacent to the first or second 
active region containing at least one graded dopant 
region, the gmded 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 func-
tion, complementary error function. or any combina­
tion thereof. 

6. The VLSI semiconductor device of claim I, wherein 
the first active region and second active region are each 
sepamted by al lec1st one isoh1tion 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 fom1cd adjacent the 
first surface or the substrate. 

9. The VI .SI semiconductor device of claim I, 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 VLSI semiconductor device of claim 1, wherein 
dopants of the graded dopant concentration in the first active 
region arc both p-typc and n-typc. 

11. Tite VLSl 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 semicon<luclor device of claim 1, wherein 
do pants of the graded dopant region in the well region are 
both p-type and n-type. 

13. The VLSI semiconductor device of claim I, wherein 
the transistors which can be fom1cd in the first and second 
uctive regions are CMOS digital logic transistors requiring 
at least a source, a drain, a gate and a channel. 

14. 'I1te VLSI semiconductor device of claim I, wherein 
the device is a dynamic random access memory (DRAM). 

IS. The VLSI semiconductor device of claim L wherein 
the device is a complementary metal oxide semiconductor 
(CMOS) with a nonepitaxial substrate. 

16. The VLSI semiconductor device of clnim 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. Tiu: VLSI semiconductor device of clctim I , wherein 
the device is central processing unit. 

19. The VLSI semiconductor device of claim I, wherein 
the device is an image sensor. 

20. The VLSI semiconductor device of claim 1. wherein 
each of the first and second active regions arc in the lateral 
or vertical direction. 

21. A VLSI semiconductor device. comprising: 
a substrate of a first dopiug type at a first doping level 

having a surface; 

22. The VLSI semiconductor device of claim 21, wherein 
to the substrate is an n-type substrate. 

23. The VLSI semiconductor device of clc1im 21, wherein 
the substrate is a p-type substrate. 

24. The VLSI semiconductor device of claim 21 , wherein 
the substrate has epitaxial silicon on top of a nonepitaxial 

t5 substrate. 
25. The VLSI semiconductor device of claim 21. wherein 

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

26. The VLSI semiconductor device of claim 21, wherein 
2,J the first active region and seoond active region contain either 

p-channel or n-challllel 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 arc each 

25 separated by at least one isolation region. 

JO 

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 
n-type. 

29. The VLSI semiconductor device of claim 21, wherein 
dopants of the graded dopant co11centration in the first active 
region arc both p-typc and n-type. 

JU. "Jbe VLSI semico11ductordevice of claim 21. wherein 
dopants of the graded dopant concentration in the second 

3~ active region are both p-type and 11-type. 
3 I. The VLSI semiconduclor device of claim 21, wherein 

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

32. "[be VLSI semioonductor device of claim 21. wherein 
40 the graded dopant is fabricated with an ion implantation 

process. 

45 

33. The VLSI semiconductor device of claim 21, wherein 
the substrate is a complementary metal oxide semiconductor 
(CMOS) device. 

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 CDpacitors in nt least some 
of the first or second active regions. 

3 6. The VLSI semiconductor device of claim 21. wherein 
the device is central processing unit. 

3 7. ·n1e VLSI semiconductor device of claim 21, wherein 
the device is an image sensor. 

a first active region disposed aqjacent the surface of the 
substrate with a second doping type opposite in con- 55 
ductivity to the first doping type and within which 
transistors can be fonncd in the surface thereof; 

38. The VLSI semiconductor device of claim 21, wherein 
each of the first and second active regions are in the lateral 
or vertical direction. 

39. A semioonductor device, comprising: 
a second active region separate from the first active region 

dispo~ed adjacent to the first active region and within 
which trnnsistors can be formed in the surface thereof; 60 

tmnsistors fonne<l 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 lo 6S 
an area of the substrate where there are no active 
regions; and 

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
<luctivily lo the fITTl <loping 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 
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at least a portion of at least one of the first and second 
acti Vt: rt:gions having al lt:ast 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. 

40. The semiconductor device of claim 39 further com­
prising at least one well region adjacent to the first or second 
acti_ve region and containing at least one graded dopant 
regmn, the graded dopant region 10 aid carrier movement 
from any region in the well to the substrate area where there 10 
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 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; 21) 

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 substrate 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 JO 

substratt: with a st:eon<l doping type oppositt: in con­
ductivity to the first doping type and within which 
transistors can be fanned; 

a second active region separate from the first active region 
disposed adjacent to the first active region and within 3.1 

which transistors can be formed: 
transistors fonned in al least one of the first active region 

or second active region; and 
at least a portion of al l~ist um: of the first an<l second 

active regions having at least one graded donor dopant 

8 
concentration to aid carrier movement from the fust 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 surface of th~ 

substrate with a second doping type opposite in con­
<luctivity 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 

al lea st 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 om: surface of th!:! surfm;e layer; 
a single drift layer disposed between the other surface of 

the surface layer and the substrate, the drift layer 
having a graded concentration of dopants e,ctending 
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 
smface layer to an area of the substrate where there are 
no active regions; and 

at least one w~ll region disposed in the single drill 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 arc no active 
regions. 
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SEi\UC0:'1/DUCTOR DEVICES WITH 
GRADED DOPANT RF.GIO:-,/S 

2 
still use a unifonnly doped 'drift epitaxial' region in the 
base. FIG. 1 shows the relative doping concentration versus 
distance in a BJT. FIG. 2 shows the unifomtly doped cpi 
region in an JGBT. ln contrast 10 BJTs, MOS devices are CROSS-REFERENCE TO RELATED 

APPi ICA"l IONS 

This application is a Continuation of U.S. patent appli­
c<1tiun Ser. Nu. 16/947,294, filed Jul. 27, 2020, entith:<l 
SEMICONDUCTOR DEVICES WlTH GRADED DOP· 
ANT REGIONS, which is a Continuation of U.S. patent 
application Ser. No. 16/717,950, filed Dec. 17, 2019, entitled 
Sl iMICONl)IJ(TOR DEVICES WITII (iRAl>EI> IXW­
ANT REGIONS, issued as U.S. Pat. No. I0.734,481 on Aug. 

5 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 011 1he 
sidewalls in a vertical device. Other device architecrures to 
combine planar and vertical conductions are also possible. 

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, iss11ed as U.S. Pllt. 

lu The maximum frequency of operation is dictated primarily 
by source-drain separation distance. Most MOS devices use 
a unifonnly dopoo 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 

l5 because the required characteristics (electron transit and 
hole recombination as fast os possible in a-channel IGBT) 
necessitate different dopant gradients either in the same 
layer at different positions, or at the interfaces of similnr or No. 10,510,842 on Dec. 17, 2019, which is a Cominuation 
dissimilar layers. 

Retrograde wells have been attempted. with little success, 
10 help improve soft error immunity in SRAMs and visual 
quality in imaging circuits. FIG. 3A shows a typical CMOS 
VLSJ device employing a twin well substrate, on which 
active devices ore subsequently fabricated. FIGS. 38. JC, 

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 dru-k current (background 
noise) and enhance RCiH (Red,< ireen. Blue) color resolution 
in digital camern !Cs. Musi of tlu:se l1.-chniques either divert 

of U.S. patent applica1ion Ser. No. 14/931,636, filed Nov. 3, 
2015, entitled SEMICONDUCTOR DEVICES WITH 2Q 

GRADED DOPANT REGIONS, issued as U.S. Pat. No. 
9,647.070 on May 9. 2017. which is Conlinuation of U.S. 
palent application Ser. No. 14/515,584. filed Oct. 16, 2014. 
entitled SEMJCONDUCTOR 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 I, 2013, entitled 
SEMICONDUCTOR DEVICES WIT!-1 GRADED DOP­
ANT REGIONS, which is a Cou1inua1iou of Ser. No. 
11/622.496. filed Jan. 12. 2007, entitled SEMICONDUC­
TOR DEVJCES WITH GRADED DOPANT REGJONS, 
issued as U.S. Pat. No. 8.421.195 on Apr. 16. 2013, which 

JO 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. 

is a Divisional of lJ.S. patent application Ser. No. 10/934. 
915, fill!() Sep. 3, 2004. Tiu: <lisdosures uf which are 
incorporated herein by reference in their entirety. 

TECHNICAL FIELD 

35 
BRIEF DESCRIPTION OF Tl-lE DRAWINGS 

For a more complete understanding of the present inven· 
lion. and the advantages thereof, reference is now made to 
lhe following descriptions tllken in co1~junc1iun with the 
accompanying drawings. in which: 

FJG. 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''); 

This present invention relates to all semiconductor 
devices and systems. Particularly it applies 10 diffused 4U 

diodes. avalanche diodes. Schottky devices. Jl<)Wer MOS 
transistors, JFET's. RF bipolar transistors, JGBTs (lnsulated 
Gate Bipolar Transistors), varactors, digital VLSI, mixed 
sigml cin:uits an<l :;ensur devit.:t!S including camer.i ICs 
employing CCD (Charge Coupled Device) as well as CMOS 
1eclmologics. 

FIG. 2 illustrates the cross section of a commercial IGBT 

45 with a unifonu epitaxial drift region (base); 
FIGS. 3A. 38, JC, and 3D illustrate cross sections of 

commonly used prior art CMOS silicon substrates: FJG. 3A 
showing a typical prior art IC with two wells (one n- well 
in which p-chrurnel transistors are subsequently fabricated 
and one p- well in which n-channel transistors are subse-

BACKGROUND 

Bipolar Junction Transistors (BJTI are classified as minor­ 50 quently fabricated); FIG. 38 showing a prior art EEPROM 
{Electronically Erasable Programmable Read-Only 
Memory) memory cell having a tunnel insulator: FIG. JC 
showing a prior an DRAM memory cell; and FIG. 3D 

ity carrier devices because minority carriers are the principle 
device concluctioo mechanism. However, majorily carriers 
also play u small but finlte role in modulating the conduc­
tivity in BITs. Consequently, both carriers (electrons and 
holes) play a role in the switching performance of BJTs. The 55 
maximum frequency of operation in !His is limited hy the 
base transit time as well as the quick recombination of the 
majority carriers when the device is switched off (prior to 
begimung the next cycle). The dominant carrier mechanism 

showing o prior 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 1he epitaxial drift region: ond 

FIGS. 5A, SB. and SC 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
formance in each application VLSI logic, DRAM/image 
IC. nonvolatile memory IC. 

in BJTs is carrier diffusion. The carrier drift current com• 
ponent is fairly small, especially in uniformly doped base 
BJTs. Etfons have been made in graded base transistors to 
create an aiding drift field to enhance the diffiising minority 
carrier's speed from emitter lo collec1or. However, most 
semiconductor devices, including various power MOSFETs 65 

(traditional, DMOS, lateral. vertical and a hosl of other 
configurations), IGBT's (Insulated Gated Base Transistors). 

DETAILED DESCRIPTION 

TI1e relative doping concentrations of emitter and collec­
tor regions varies from 1018 to la2°/cm3, whereas the base 
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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 ot· such 
layers can also he implemented through wafer to wafer 
bonding or similar"Lransfer" mt!(;hanisms. This 11- 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 implen1ented 
in surface channel MOS devices to accelerate majority 
carriers towards the drain. lo decrease programming time in 
nonvolatile memory devices, carrien; should be accelerated 
towards the s111"face when programming of memory cells is 
executed. 1l1e graded dopant can also be used to fabricate 

region is 1014 to 1010/cm3 depending on the desired char­
acteristics of the BJT. In graded base p-n-p transistors, !he 
donor dopant concentration may be 10 to l00x at the 
emitter-base junction, relative to the base-collector junction 
(Ix). lbc: gradic:nl can be linear. quasi linc:ar, 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 lo collector. Since the aiding drift 
electric field helps hole conduction, the current gain at a 1 o 
given frequency is enhanced, relative to a lmifonnly-doped 
(oose) BJT. The improvement in cut-off frequency (or, 
frequency at unity g.iin, fr) can be as large as 2x-5x, Similar 
performance improvements are also applicable to n-p-n 
transistors. 15 superior Junction Field-Effect transistors where the "channel 

pinch-off" is controlled by a graded channel instead of a 
unifonnly doped channel (as practiced in the prior art). 

As illustrated in Fl<r. 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, lo the drifl epitaxial base region- n• buffer 
layer bolUldary ( electrons in this case are accelerated in their 20 

transit from emitter lo 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 25 

frequency of operation (combination of t
0

,, and t
0
ff as is 

known in the IGBT commercial nomenclature) con be 
enhanced. Second, and maybe more importantly, during 1

0
_.,,, 

holes can be recombined much quicker at then+ buffer layer, 
compared to the uniformly doped n- epitaxial drift region by 3<) 
establishing a di fJerent dopant gradient near the n • butler 
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. Different layers of dopant 
regions can be lrnnsforred through wafer to water bonding 3~ 

(or other similar transfer mechanisms) for eventual device 
fabrication. The "reverse recovery time" for an IGBT is 
significantly impruvL-<l dut! to the optimized grnded dopant 
in the so called "drift region" as well as at the interfaces of 
the drift region. Graded dopants can also be implemented in 40 

the n • buffer layer as well as other regions adjacent to the 
rc.;pective layers. Two imfK)rtant perfom1ance enhance­
ments are the result of dopant gradients. For example, in an 
n-<;hannel IUirl~ electrons can be swept from source to drain 
rapidly, while at the same time holes can be re(.'()mbint!(! 45 

closer to the n • buffer layer. This can improve td,, and t
0
ff in 

the same device. 
As illustrated in FIGS. SA, 5B. and SC, donor gradient is 

also of benefit to very large scale integrated circuils 
(VLSI)--VLSI logic, DRAM, nonvolatile memory like 5o 

NAND flash. Spurious minority carriers can be generated by 
cluck switching in digital VLSI logic and memory ICs. 
These unwunted carriers can discharge dynrunically-held 
"actively held high" nodes. In mosl cases, statically-held 
nodes (with Vee) cannot be affected. Degradation of refresh 55 

lime in DRAMs is one of the results, because the capacitor 
holds charge dynamically. Similarly, degradation of CMOS 
digital images in digital imaging I Cs is another result of the 
havoc caused by minority carriers. Pixel and color resolution 
can be significantly enhanced in imaging !Cs with the 60 
embodiments described herein. Creating "subterranean" 
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 the substrate in a mof!Olithic die as quickly as 

One of ordinary skill and familiarity in the art will 
recognize tbal the concepts taught ht!rein can be customized 
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 (NOi{, 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 
to specific embodiments, these descriptions are not meant to 
be constnied in a limiting sense. 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 
should be appreciated by those ski lied in the art that the 
conception and the specific embodiment disclosed may be 
readily utilized ;is a b;isis for modifying or designing other 
stnictures for carrying out the same purposes of the prese111 
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. 

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

What is claimed is: 
I, An electronic system. the system comprising: 
at least one semiconductor device, the at least one semi­

conductor device including: 
a substnlle uf a first doping type at 3 first doping level 

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

a second doping type opposite ill conductivity to the 
first doping type and within which transistors can he 
formed; 

a se(.'()nd active region separate from the first active 
region disposed adjacent lo the first active region and 
within which transistors can be fanned; 

transistors fom1ed in at least one of the lirst 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 there are no acti 11e regions; and 
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at least one well region adjacent 10 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 toward.~ the area of the suh­
strnh: where there are no active regions, wherein at , 
least some of the transistors fom1 digital logic ofthc 
semiconductor device. 

2. The system of clain1 1. wherein the substrate of the at 
least one !lt!miconductnr device is a p-type substrate. 

6 
20. The system of claim I. wherein each of the first and 

second active regions of the at least one semiconductor 
device arc in the latcra I or vcrt ical direction. 

21. An electronic system, comprising: 
at least one semiconductor device, the at least one semi­

conductor device including: 
a substrate of a first doping type at a first doping level 

having a surface; 

3. The system of claim 1, wherein the substrate of the at 10 

least one semiconductor device has epitaxial silicon on top 
of a nom:pitaxial substrate. 

a firsc active region disposed adjacent the 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; 

4. TI1e system of clnim 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-d1an- 15 
nel and n-channel devices. 

5. The system of claim 1, wherein the first active region 
and second active region of the at least one semiconductor 
device contain either p-<:hmmel or n-<:hannd devices in 
a-wells or p-wells. respectively, nnd each well hns at least 20 
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 systetn of claim 1, wherein the graded dopant is 25 
fabricated with an ion implantation process. 

8. ll1e system of claim 1, wherein the first ,md second 
active regions of the at least one semiconductor device are 
formed adjacent the first surface of the substrate of the at 
least one semiconductor device. 

9. The system of claim 1, wherein dopants of the grnded 
dopant concentration in the first acti vc region or the second 
active region of the at least one semiconductor device are 
either p-type or n-type. 

) 0 

10. The system of claim 1, wherein dopants of the graded l~ 
dopant concentration in the first active region of the at least 
one semiconductor device are both r-tyre and n-type. 

11 . The system of claim 1. wherein <.lupants of the g.r&det.l 
dopant concentration in the second active region of the at 
least one semiconductor device are both p-type and n-type. 40 

12. The system of claim 1. wherein dopants of the graded 
dorant region in the well region of the at least one semi­
conductor device are both p-type and n-type. 

13. 'Jhe system of claim 1, wherein the transistors which 
can be furml'<l in the fin;l and ~econd ~clive n:gions of the 45 
at least one semiconductor device arc CMOS digital logic 
transistors requiring at least a source, a drain_, a gate and a 
channel. 

14. 'lbe system of claim J, wherein the at least one 
semiconductor device is a dynamic random access memory su 
(DRAM). 

15. 1be sy~tem of claim 1, wherein the al least one 
semiconductor device is a complementary metal oxide semi­
conductor (CMOS) with a nonepita"ial substrate. 

16. The system of claim 1. wherein the al leas1 one s; 
semiconductor device is a flash memory. 

17. The system of claim 1, wherein the al least one 
semiconductor de\'ice comprises digital logic and capaci­
tors. 

a second active region separate from the first active 
region disposed adjacent to the first active region and 
within which Iransistors can be fom1ed in the surface 
thereof; 

transistors formed in at least one of the lir.;t active 
region or ~on<l active region; 

at least a portion of at least one of the first and s<.-cond 
11ctive 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 ~ion adjacent to the first or second 
ael(ve region containing al 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 dorant concentration is linear, quasilinear, 
error filnction, complementary error function, or any 
combination thereof. 

22. TI1e ~ystem of claim 21, wherein the subslnite of the 
at least one semiconductor device is an n-type substrate. 

23. The system of claim 21, wherein the subslrate of the 
at le:ist one semiconductor device is a p-type substrate. 

24. The 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 actiw region of the at least one semiconductor 
device contain al least one of either p-d1annel and n-channel 
devices. 

26. The syst~m of cl_aim 21, wherein the first active region 
and second achve region of the al least one semiconductor 
device contain either p-charu1cl or n-channel devices in 
n-wells or p-wclls. respectively, and each well has at least 
one graded dopant. 

27. 111e system of claim 21, wherein the first active region 
and second active region of the at least one semiconductor 
device are each separated by al least one isolation region. 

28.111e system uf claim 21. wherein <lupants of the graded 
dopant conccmration in the first active region or the second 
active region of the at least one semiconductor device are 
either p-type or n-type. 

18. TI1e system of claim 1, wherein the at lenst one 60 

semiconductor device is a central processing unit. 
19. The system of claim 1, wherein the at least one 

semiconductor device is an image sensor. 

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. 

30. The system of claim 21. when:in dupanls of1he gr'Jtled 
dopant concentrntion in the second active region of the :it 
least one semiconductor device are both p-type and n-type. 

• • • • • 
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a<.ls·1(·'!1..!1'.,l.£'M>f 
':..,.., .¥ i"~ i.T.I.F..<:"\ 

WHEREAS, G.R. ~-10HAN RAO, an individmd, residing at l6i l Wi!lingharn Ddve. 
Alkn, Texw, 7501 J ("Assignor"}, haj:i invented cert~in m:w and use.fol inventions .sd forth on th(' 
attachc<l Exhibit A. (coHectivdy, the •'Jnve-ntiomn, for wbk:h ft'.rt::iln .npp1ic~tions for United 
State!> and foreign patents were tiled as set forth un f~iQ.!.LA (t:dle~tively. the '"/\ppfa:ath>os''), 
Md from which certaln United States pntents have is~ued as stt forth on J.;xb.i.b.\1.A foolle,:tivdy, 
the "Pa.tent~··); and 

WHEREAS, GREENTl·IRE,\D, LLC. a i~xas Limited Liability Company, having a 
busiri,ess address ;1t 45.-i4 Harrys Lane, Da!h:13. fex~is 75229-54{1{} (-·Assignee''). is dcsimm; of 
acquiring the emire right. title, and in.terc:,t in un<l to the Applications and Patents and any and al! 
foreign counterparts, divisions. cnntlnuation!>. comim.iation-io•part.<;. improvernenh, 
reexaminal'iom,, rdssues, exte.r.si~ms, renewals. suhtitute:,, pmvbi~mal applkations, certificates.. 
all dghts under the hlwmath·Htal Conventkm for tile Protecticm 1:lf fodustdnl Prnperty and 
prolongations. (}f the Applic.atlon::, and Patents. 

Now. THEREFORE, for oth~r good and .,-i.duubk~ considern.tion, Assignor. by th{~S:e 
pn:,<;imts doe:. hereby irrevocably sdL assign, an<l trnnsfor uuh, Assignee, its SlKCessors. assigns, 
and legal repr~~sentativ~~ the foll 1:1nd exdusive right. in and to: 

(a) the Applicatkms am! Patents in the United States and th~ ~mire right. ti1!e. and interest in 
i'\11d to any and all h:Mid pments N patent appfi.:'.atkms v,,hlch may he granted therefor 
Imd!or therefmm in the: United States, to aH divi ::; iotVi, reissm.'s, substhutkms. 
contirwations, contlm1ationsAfn-part. ~tnd extensions (.if sai<l Applic~~tions and Pi.uent:,, and 
an.y pending applicmions or lssu¢J p~ltem~ th~1t di~ctly daim nr are amended 10 claim 
priority t~) any <.rf the Applkallons or Patents; 

(b) nll CllH,.es of ijCfkm ('i.vhet.her known t)r u11kMwn ,ir \vhether c1.1rrently pending, filed or 
rJthenvis~) and othtr t!nfortemcnt rights imder tir on accoimt d' the Applications and 
Patents, includin~ ·without Vimihit:on all cm1scs of ~1~tbn and ,.1ther ,·nforcement ri!,!hb tbr 
dnmages. irijunctTvc relict and any other remedies rJf any kind for past. i.:Urreni: and future 
infrfrtgt'.ment; and 

(c) all rights to cn!led r<)yal!k:,; or other payments under t'ff <m accrnint d. th~~ App1ications 
and Patem?'. and the foregoing subcatt:gory (b). 

Assignor beteh.y aulhodzes an<l requests the Coinmiss.ioner qf P.atenb and Trat:kmarh tc issue 
n!I patents ft..·w the Application:<>. or patents 1'tStdOng therefrom. in~i:.ifar as As~ignor·s imerest!> are 
ccincerned, to i\ssignee, nf the c11tfrc right, titk:, Md interest in and tt) the :o.ume, for its sole use 
~md henefil; and for the m;e and bencfi~ of it!l legal repres{~ntative'ii, to th(: foli end t)f 1h1:, term for 
\-vhich sald patents m,iy be grant~d. a~ fuily and emirdy as Lhe. same W<Juld have b~:cn held by the 
Assignor had this asslgnmem not bt!;!ll made, 

AssigrK1r aho sells and assigns to A;,;signoe. it.,,; suc<.:essors, assigrts and legal 
representatives the full and exdu~ive right, title, and lnteresl hi and to the lnvention~ disdme-J 1n 
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said /\ppticatiom: throughout the world. lnduding the right to file upplicmfons and obtain 
patents, utillty m<idcl::-1, industrial model:i, and designs for lhe inventinns in the Assig11c-e'~ own 
name througtKHit the world, including all rlghts of priority: at! dghts t'O publish cautionary 
notices 1"e-serving uwner~Mp of the inventions and ;'.l!l rights t<.) regl:.ter the i.nvemio-nt{ in 
apr,ropriite registries, all foreign right~ ari;.ing frr.>m pre-grnnt pub1kation of ~he Applic!itkms; 
and Asslgrmr thrthct agrees t,, exctute any and al! powers of attorney. applications, assignments, 
dech1ratk,ns, 1~ffidavits .• and any Nht!r papers in c{mnec.tkm thcrtv,ith necessary tt) perfou such 
right, title unJ interest in Assigne.e, its succe~t,ors, u~signs fnd kga! representatives. 

Assignor further agrees to wm1mmicatc w A::.$ignee, its su.::cessors, assign~ im<l/or. kgal 
representatives, any known fa<.:ts respecting any improvements, an.d, at the expense of A;,;sigm~~. 
to t.e.,;iity in a:oy legal prnct>edi.ng1,, sign all lawful papers, execute nll divisional, corri.fomttfon. 
contlrmaiionyin-purt, reh,sue and substitute ~pplkatirms. make afl klwfol 01tths, imd ge.nernHy dn 
evtr}lhing po::.sibk to vest title in Assignee and to aid Assignee. !ts successors, assigns and legal 
reprcs~ntativcs to obtain and enforce proper prntccth)n for thr lnvcnti()ns in all countries. 

PA TENT ASSIGNMENT 
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G.R. Mohan Rao Date 

STATE OF: ']~~s ...... ._. .. _,w••v,•-···· .. · · ······"·'·•"··"·· ~ 
COUNTY OF: JJA\\6 ·-·--··-§ 

~-1~ A l BEFORE ME, a Notary Ptibik. ~)ll this~- i day of ~{i , 20l.1.., pers\·mally 
appeared (Lit MOH,-\N RAO, knovm to me !'o be the per:,tm ivhose nnme is subscribed ln the 
foregt~ing instrument ~md acknowledged to me that heisht txecutcd snme of his/her owo free will 
for the ptu-poses und consideration therein c.xpres~e.d. 

[SEAL] 

PA'lENT ASS:IGNM(:NT 
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United States Patent and Trademark Office 

Home I Site Index I Search I Guides I Contacts I eBusiness I eBiz alerts I News I 
Help 

Electronic Patent Assignment System 

Confirmation Receipt 
Your assignment has been received by the USPTO. 
The coversheet of the assignment is displayed below: 

II PATENT ASSIGNMENT COVER SHEET 

Electronic Version v I. I 
Sty lesheet Version v 1.2 

I SUBMISSION TYPE: 

I NATURE OF CONVEYANCE: 

CONVEYING PARTY DATA 

II NEW ASSIGNMENT 

II CONFIRMATORY ASSIGNMENT 

I 
Name II Execution Date 

IVERVAIN, LLC 1103/07/2022 

RECEIVING PARTY DATA 

jName: IIGREENTHREAD, LLC 

!street Address: 114544 HARRYS LANE 

lcity: IIDALLAS 

!State/Country: IITEXAS 

!Postal Code: 1175229-5400 

PROPERTY NUMBERS Total: 1 

I Property Type II Number I 
I Application Number: II I7371839 I 

CORRESPONDENCE DATA 

Fax Number: (972)628-36 I 6 

Phone: 9726283600 

https://epas.uspto.gov/com/receipt.jsp?iname=PJ8SRE6WDRJ2-53747 

II 

I 
I 

I 
I 

3/7/2022 
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Email: admin@dalpat com 
Corresprmde,rce wUI be sell/ to the e-mail address first: If t/1al is unsuccessful, It w/11 be sem 1,sing a/ax 11umber, If 
provided; if that fs u11successful, it will be se11t vfa US Mail 
Correspondent Name: GREGORY M HOWISON 
Address Line I: P.O. DRAWER 800889 
Address Line 4: DALLAS, TEXAS 75380 

ATTORNEY DOCKET I GRTD60-35314 NUMBER: 

I NAME OF SUBMITTER: II GREGORY M. HOWISON 

I Signature: ]I /Gregory M. Howison, Reg. #30646/ 

I Date: II 03/07/2022 

Total Attachments: 2 
source=GRT35314 Confirmatory Assignment exe#pagel .tif 
source=GRT35314 Confirmatory Assignment exe#page2.tif 

RECEIPT INFORMATION 

EPAS ID: PAT7210634 
Receipt Date: 03/07/2022 

Return to home page 

I .HOME I INDEX I SEARCH I eBUSINESS I CONTACT US I PRIVACY STATEMENT 

https ://epas.uspto.gov/com/receipt.jsp?iname=P J8SRE6WDRJ2-5374 7 3/7/2022 
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PROPERTY NUMBERS Total: 1 

Property Type Number 

Application Number: 17371839 

CORRESPONDENCE DATA 
Fax Number: (972)628-3616 

EPAS ID: PAT6827716 

Execution Date 

09/09/2017 

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent 
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&SSIGN!.\1J:NT 

WHEREAS. G,R. MOHAN RAO, an individual. residing at 16U Wi!li.ngham Drive, 
Allen, Texm, 750 ! 3 {''Ass.ign{.1r''}, has invented certain new and ustfol imentiom. i;et tbrtli on the 
ati.acheJ Exhibit /\. foo!lectivdy, the •'Jnventk,ns·•), fi.w which certain applkmfons for United 
State~ and foreign patents were filed as se.t forth on .!;:~.A. (co!k~tive!y. the •·Appfa,ations"}. 
and from which certain United States patent$ have i-&sucd as stt forth on Ji~hil?.it.A (collectively, 
the «Patei,t!."}; and 

WHEREAS, GREENTl-lRfAD. LLC ~1 TeXtl$ Limited Liahnlty Company, having a. 
husine% address m 4544 Harrys Lane, D~1Has, TexHs 75229•5-4{l{t ("Assigm:e''). is <ksimus of 
atguiring the entire right. title, and inkrct,t in tHid to the Applicatkms and Patent\ and any and all 
foreign cmi1m~rparts, divisions. contim.mt:ion~, continuation-in-parts. improvements, 
reexaminations, rdssues, extensi<.ms, rene,vals, :;ubsHtut~s, pmvisional applkafams, c-ertifioates., 
all rights 1..mder the lnternalit111a! Conventkm for the llrotectkm of Industrial Pn)perty and 
prolt~lga1ions of the ApplicatioM and Patents. 

Now. THEREFORE, for <Jther g<){Xi und v11hmb!.e c,msideration, Assignor., by these 
pre;s;ents dN~S hereby ittevocably sdL assign, and tmn:,fer unto Assignee, its succ¢ssors. a<;sigm., 
and legaf rei)resentat.ive~ the foU am:l <~xdush'<~ right in and to: 

(a) the Applicatfons and Pateng in the United States .ind the entire right thle. and interes1 in 
nnd to any and all issued pat~nts or patent ~pplkafa.ms which may bt granted therefor 
and/or therefrQm hi the Uni,~! States, to aH <l1vision~, re1$SUCS, substhutions

1 

fontirwativrt:>. continlJafams-fn~p;.~rt. ~nd ¢Xtf.insions of sa1.;.i Appiicafions and Pments nnd 
uny pending app!kat.ioni; ur lssued pmems that di.1-e,:tly ~him nr are amended to claim 
priority to any tifthe App!kaUons or Patents; 

(h) url cmist':s of ~ctlm1 (\\fa.'ther known or 1.mlrnt)Wn i:.n· whed'rnr currently pending, fHed or 
m.hern1ise) and other (~nforcemem rights under tir on ac~i:M~t of the Applicatkm:'> and 
Patents, iw:luding without limin1tfon a.l.l ~m.1-.~es of action and other enfr.u-cemcni rights for 
damages, injunctive relict~ and any other remedies of any kind for past. curreni- and foture 
iafdngement; and 

(t!) ail rights lo cnllect f<.)yallics or other payments under nr rm account of the Applications 
and Patentt1 and the foregoing subcakgmy (b}. 

,·\\signor hereby ,tuthDtizes and requests the Commisi<ioner <if Pmenis and Trademarks to issue 
all patt:nts for th¢ App!icatkms. or patents rci.:uHing therefmm, im.ofar us Assignor' s interests are 
roncenied, to As..~ignee, of the e11ttrc right, title, and imerest in and tv the ~mne. for its sole usr 
and henefil; und for the use and benefit ()f its 1l!gal re-pres~~ntativ¢~, w tht: fuH end t)f 1he tmn for 
which said pak11ts may be gr.:mted, u5 foll}· and e.nlirdy as the .<mm~ W{mid lrnve been held by the 
AssignrJr had this a.ssignment n◊t been made, 

Assignl'.Jr also sells ami assigns tt) A%ignee, it-:; succe:ss<1rs, assigns and 1ega1 
representatives the foll and exclusive right, titie, and interest in and tn the Inventions disclo~<;d in 

PA1ENT ASSKINMENT 
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said Applications throughout th(~ ,vorld. ind,uling the right l'o file applications and nht:;iin 
pa1·imt~} utllity u-1,i.fols, ln<lu~rrial mndeb, and designs for !he invention~ in the A~signec's own 
name through,Hrt the world, lnduding a!! right~ l)f prtority, aH rights ro publish c;mtiom1ry 
tKltices re&erving uwner~hip of the inventions and aU rights tQ register the invemil)n~ in 
appropriate registries. ~11 forelgn right~ ari '::iing frnm pre-grn.nt publication of the Appiiciitkms; 
anrl As$lgm.H' further agret<s to execute any and all J'l) \Vers of uWJmey, tpp1katfons. assignments, 
declarations, 1,ffklavit5. and :my other papers in cvnnec~ion !herewith nec~sMry to perfoct such 
.right, title and interi:st in Assignee, its suc.ce:;:iors, thsigns ind legal representatives. 

Assign<)f further agrees to ~onur.unicate tt1 A:-,~ignee, iw successors, assigns andii:,r leg~il 
representstives, any kn<.W•n facts respecting any itnprovt~ments, and, ~f the t~xpen.1:1e of Assigne~. 
to testlty in a.ny legal prnct.-eding:.., \iig.n al! l:wd't/ pHper::;t exevute t1H divisional. i:ontinuation. 
crmtin..1a.ti.on-in-purt, reissue and suhtititute applkatirms, make all lawfol <.Htths, and g~nernUy dn 
en)r_ylhing fX)s~ibk to vest title il1 Assignee and to aid 1'\ssig11cc, its sm.:ceS$()rs, assigns mtd legal 
repre~entatives to obtaln m1d cnfortt propi;_?r protection for the fnvcnt.ions i.n all countries. 

/Signarure Page to Fof!owj 
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STA'ITOF: 

COUNTY OF: 

BE_~;ORE i\·1E, a Nr.itary Public. on thfod,.7#-- day of A,plt i ., :u~rL _fX!fS{)naHy 

appeared G.R. MOHAN RAO, kn◊wn to me II) be the person whose name 1s subscribed 'tn the 
foreg(Ji11g instrumem nnd m:kncwlcdged to me that he/sht i:.ixec.uted $ame of his/her ow.n free \VB! 
fnr the puqx,ses and considerati(m therein e.>.pressed. 

[SEAL] 

PATENT ASSlONMENT 
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SUBMISSION TYPE: 

NATURE OF CONVEYANCE: 

CONVEYING PARTY DATA 

GREENTHREAD, LLC 

RECEIVING PARTY DATA 

NEW ASSIGNMENT 

ASSIGNMENT 

Name 

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 

CORRESPONDENCE DATA 

Fax Number: (972)628-3616 

EPAS ID: PAT6827495 

Execution Date 

08/19/2019 

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: 972-628-3624 
Email: ipdocketing@munckwilson.com 
Correspondent Name: GREGORY HOWISON 
Address Line 1 : 12770 COIT 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: 07/22/2021 

Total Attachments: 2 
source=20200527CorrectedAssign ment#page 1. tit 

source=20200527CorrectedAssign ment#pag e2. tif 
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ASSIGNOR 
Greenthread, LLC 

ASSIGNEE 
Vervain, LLC 

Philip W. John. Jr. Manager 
6307 Bandera Ave, Apt B 
Dallas, Texas 75225-3617 

Philip W. John, Jr., Member 
7424 Mason Dells Drive 
Dallas, Texas 75230-3244 
Email'. :iobn.=1?:1-}:~~r.vuinllc.co.m Emai I: i2.hJJlilJ?-.rt.<;.P threa (1Er,;.,_c;_21 r\ 

ASSIGNMENT AGREEMENT 

This Assignment Agreement ("Assignment") is entered into by and between Ve-rvain, 
LLC, a Texas limited liability company, hereinafter refetTed to as "Assignee:" and Grecntlm:ad. 
LLC. 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 
'·Agreement"). 
Pursuant to the Agreement, Assignor hereby desires to assign to Assignee all of its rigl11s, title 
and interest in and to the following United States patents and pending application: 

61/509,257 Pf.:,; i _ _;.-.1, Tl--' ,>,' 

I. U.S. Provisional Application Number 61/509,256, entitled, "Lifetime 
Mixed Level Nund Flash System,'' filed on July 19.20 l l: 

1. U.S. Patent Number 8.891,298. entitled, '·Lifetime l\·1ixed Level Non-
Volatite Memory System.': filed on April 25, 2012, and issued on 
November 18, 2014; 

3. U.S. Patent Number 9,196,385. entitled. <·Lifetime Mixed Level Non-
Volatile Memory Syst.em,'' filed on Octber 28, 2014, and issued on 
November 24. 2015; 

4. U.S. Patent Number 9,997240, entitled, "Lifetime Mixed Level Non-
Volatile Memory System.'· filed on November 24, 2015, and issued on 
June 12, 20 ! 8, 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 refened lo hel'einafter referred to as the ·'Patent'} 

For good and valuable consideration. Assignor and Assignee hereby agree as follO\.vs: 

PATENT 
REEL: 056949 FRAME: 0014 
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ASSIGNMENT: 

I. Assignor hereby assigns to Assignee its entire worldwide right. title and interest in and to 
Assignor's Patent, including the entire worldwide right, title and interest in and to any 
reexamination or reissue of the Patent. Thi!'> includes. withottt limitation, Assignor·s right 
to prosecute, and receive1 all damages, royalties, awards and compensation for past, 
present and/or future infringement. 

2. Assignor agrees to do the following \.Vithoul further consideration. in order to carry out 
the intent of this Assignment: 

1. Execute all oaLhs, assignments, applications. and other papers necessary or 
desirable to fully secme to Assignee the rights, titles and interests herein 
conveyed;and 

ii. Generally do all lawful acts for vesting in Assignee the rights, titles, and intere.sts 
herein conveyed. 

3. Assignor has not made t~nd wlll not hereafter make any assignment, grant, mortgage. 
license, or other agreement affecting the rights, titles, and interests herein convey~d to 
Assignee. 

4. Assignor hereby represents and warrants that Assignor has the authority to assign the 
applicable Patent pursuant to this Assigm1)ent. 

The undersigned baving read this Assignment and frilly undei-standing the provisions of 
this Assignment, hereby executes this Assignment as of the Effective Date. 

RECORDED: 07/22/2021 

Greenthread, LLC (Assignor) 
Phiiip W. John, Jr. Manager 

~u .. ¥' ec4L.,=-r-"'-----
Signatu.re: 
Printed Name: Philip W. John, Jr. 
Date: August__!)__, 2019 

PATENT 
-·······................. ·······-- ........... __ ......... REI;.~: 056949 FRAME: 0015 
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GRTD60-35314 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 which 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 056949/0013 
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 be 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 inte1·est 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-granl publicalion 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. 

CO.',FlRMATORY PATE~r ASSIGMIENT 
A TTY. D KT, NO. GR rn60-353 I 4 
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Assignor further authorizes and directs Assignee' s attorneys to insert the serial number and 
filing 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 , J 
By: IJ:w 0 ~ ~ 
Name: fl.,, C., f b-1 , J0 ho) J /l. 
Title: ff{ 6JJ <X~,t!f2.., 

Date: :; l ,I 2'0 :z. 2 -, T ~ 

CONFIRMATORY PATE1"T ASSIG,';MENT 

ATTY. OKT. NO. GRT060-35314 
2 
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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 https://www.monolithicpower.com/en/products.html 

MPS Accused Product Categories/Types 

l. Switching converters and controllers 

2. Multi-phase controllers 

3. Power management integrated circuits 

4. USB switches 

5. Load switches 

6. MOFSET drivers 

7. Isolated gate drivers 

8. Digital isolators 

9. Isolated DC/DC converters 

I 0. Power modules 

11. Battery chargers and monitors 

12. Fuel gauges 

13. Stepper motor drivers 

14. Brushless DC pre-drivers 

15. Brushless DC motor controllers 

16. Brushed DC drivers 

17. Fan drivers 

18. Backlight drivers 

19. Audio drivers 

20. Analog-to-digital converters 

21. Angular position sensors 

22. Current sensors 
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Accused Products 

MPS Semiconductor 86905 SiC N-Channel MOSFET 

To the extent the preamble is a limitation, the MPS Accused Products include a semiconductor device. This chart includes exemplary infonnation regarding a 
representative example of the MPS Accused Products, the MPS Semiconductor 86905 lntelli-Phase Solution with integrated HS/LS-FETs and Driver 
("86905"). The 86905 was analyzed in the below referenced report from Tech Insights. MPS MP86905 lntelli-PhaseTM Solution with Integrated HS/LS­
FETs and Driver Power Essentials Summary ("MP86905 Report"), available at https://libracy.techinsights.com/search/device-details?tab""reports&id=PEF-
2202-80 l&gencalogyCode- MPS-MP9502. The 86905 was also analyzed in a supplemental report from Tech Insights ("MP86905 Supplemental Report"). 
See Exhibit 8 (Supplemental Report for PEF-2202-80 I). The complete reports are hereby incorporated by reference into each and every claim and claim 
element discussed. Selected pages are reproduced herein to aid in understanding. 

The MPS 86905 is representative of the MPS Accused Products for purposes of this claim chart and the other infringement contention claim charts because 
upon information and belief, the other MPS Accused Products would have similarly been advantageously designed to move carriers (e.g., towards the 
substrate) and achieve the perfonnance enhancements described and claimed in the '842 patent (and the other asserted patents). For example, the other MPS 
Accused Products would similarly have been designed with a dopant gradient in order to improve perfonnance characteristics such as on and off switching 
times and other performance enhancements described in the Abstract of the ' 842 patent (and the other asserted patents). The claimed invention would have 
application in numerous types of MPS products, including switching converters and controllers, multi-phase controllers, power management integrated 
circuits, USB switches, load switches, MOFSET drivers, insolated gate drivers, digital isolators, isolated DC/DC converters, power modules, battery chargers 
and monitors, fuel gauges, stepper motor drivers, brush less DC pre-drivers, brushless DC motor controllers, brushed DC drivers, fan drivers, backlight drivers, 
audio drivers, analog-to-digital converters, angular position sensors, and current sensors, because such products would benefit from, among other things, 
improved switching time for transistors in the device. Therefore, upon information and belief the other MPS Accused Products contain similar features as the 
MPS 86905 transistors depicted here, and function in a similar way with respect to the features claimed in the asserted claims, and the other MPS Accused 
Products contain similar features as the MPS 86905, and function in a similar way with respect to the features claimed in the asserted claims. 

This claim chart is based on publicly available information, and additional information regarding these and other accused products is expected to be obtained 
through discovery. The MPS Accused Products, of which MPS 86905 is one example, are semiconductor devices. 

Page 1 
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Device Summary 

• This repon presents a Power Essentials analysis of Ille MPS MP86905 silicoo (Si}-l)ased 
power managament IC (PMIC). The MP86905 is a monolithic half-bridge wi1h built-in 
internal power MOSFETs and gate drivers and is ideally suited for multi-phase buck 
regvlatOIS. It offers 50 A continuous OU1put current over a wide 4.5 V to 16 V operating 
Input range (2). 

• The MP86905 comprises a single die with MP9502 die markings. Mich are encapsulated 
in a 23-pin flip-chip quad-flat-no-lead (FC-OFN) package with likely copper (Cu) bumping 
directly to lhe lea<lframe. 

• The MP9502 die substrate is -1551,1m thick including the upper epitaxy layer and uses 
8 ipolar-CMOS-OMOS (BCD) technology. It features a single layer or polysilicon in the 
analyzed regions, ll'lre& aluminum (Al) melal layers, tungsten (W) contacts and vias, cobalt 
silicide (CoSi) at the source, drain, and polys~icon contact regions. The pre-metal dieledric 
(PMD) uses silicon oxide (S.O) layers, while lhe inter-metal dielectric (IMO) layers uses 
0•1de as well ISOiation structures include shallOw !Tench isolation (ST!) in the IOgic region 

• One group of high side MOSFET (HSFET) array and two groups of low side MOSFET 
(LSFET) array are used on !hit die. The structure and dopants of the HS/LS FET arrays are 
analyzed. Dopant analysis in the HS/LS FET array region shows the use of a P-type 
substrate, an N-fype buried layer (NBL), a N-<lriftlN.-wielt layer and a P•well layer. 

• The stepped-gate-oxide (SGO) is used in the LDMOS devices on Chis die. The use of SGO 
allows a reduction of o~ (Ron) compared with the conventional STI LDMOS (3). 

• The HSFET is arranged in a one-dimensional (10) array with a -4.0 i,m drain-to-drain pttch 
and --0.66 1,1m total polysllicon gate length, while the LSFET Is arranged wi1h -3.4 11m 
drain-to-drain pitch and -0.60 11m total polysilicon gale length in !Olaf. 

• In the logic region, the minimum observed gate length is 0.4011m on a 0.86 i,m contacted 
gate pitch, indicating the use of likely 0.18 1Jm process generation wi1h relaxed feature 
dimensions. 

5 M-C>'IQ12T-W:.Mogln-. 

MP86905 Report at 5. 

Manufac:turer 
Part number 

Foundry 
Type 

Date code 

Package type 

Package martdngs 

Package dimensions 

Ole martllngs 

Die size (whole die) 

Die size (edge seal> 

Minimum measured 1ransistor 
gatelengttl/pltch 

Process generation 

Feature measured to determine 
p,ocess generation 

Maximum voltage [2] 

Monolithic Power Systems 

MP86905 

Unknown 

PMIC 

H39 (week 39 or 2017) 

23-pinFC-OFN 

MPSH39 
"'86905 
54U403 

3.97 mm,. 3.97 mm x 0.88 mm 
llhid<) 

MP95022013 
<MPSJogo> 

3.38 mm " 3.14 mm (10.51 mm') 

3.36 mm x 3.12 mm (10.48 mm') 

0.40 IJm/0.86 µm 

Likely 0.181,1m l)f'00eSS 

generation with relaxed feature 
dimensions 

Conlaeted gate pitch, use of CoSi 

contacts. STI isolation 

18V 

Tech 
Insights 

Page 2 
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MP9502 Die HSFET Array - P- and N-Type Regions 

• SCM and sMIM-C analysis of the HSFET array show the use of a P·type body region, N•type drift region, and a higher-<loped N•well at lhe drain region. 

• The P-well layer starts -2.1 µm from the front surface. while the NBL measures --5.3 µm thick and reaches -7 .4 i,m deep. 

• NBL seems lo have two regions of higher-<loped lower portion and lower-doped upper portion in the Si body. 

r • .,. 

~)Ill" 

N-1)'!>0 t>.,,ed llye, 

,_,_<ICAI\I_ 10.0i,m 

=:: 

-higldr-

~ 
~ 

May 040522164608 PRODUCT FRW 10 Ou 512p 400973 png 

HSFET Array - SCM Cross-S.ction A-A 

,_.-....c_ 10 Oi,m 

= 

-.,... 
Asray <W0522164608 SMIMC FRW 10 Ou 5121> 400973 png 

HSFET Array - sMIM.C Cross-section A-A 

42 M-020\!ZT_..._ ... __ 

Tech 
Insights 

MP86905 Report at 42. 
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MP9502 Die LSFET Array - P- and N-Type Regions 
• SCM and sMIM-C analyS1s of the LSFET afT8y sllow tile use of 8 p.type body region. sl'lallower N-dnftlN•well In the drain reglOO, and NBL is absent In tile 

LSFET array. 

• The P•well 1s -2.1 1,1m deep, tile P·body ls -1.3 1,1m deep, while tile drein N-<lnft/N-well Is -0.9 µm deep, sl'lallower than 1.2 µm obs81Ved In the HSFET array 

• Both HSFET and LSFET array likely share tile P·well and P-body masks. but use different m8sk tor drain dllft region. 

• The effecbve channel length defin9d by dopant boundary is estimated 10 be -0.15 µm in the LSFET array. 

2 

TadllnslgNs' dC"N Product 10.0\,m 

..._ 
,mpr,g 

LRIClpacl/ 
"'IINY"-

~ 
~ 

An3y_2_040622!553S2_PROOUCT_FRW_100J_5l2p_4009T.l.png 

LSFET Array - SCM Croaa-$ectlon A-A 

M~O:m:z:2T~N.Al.-a----. 

MP86905 Supplemental Report at 2. 

...... _._ --

-=--
Tochlnolillllf'IMIMC 10.0in, 

Ar,.y_2_ 040622155352 _ SMIMC_FRW _ 10.0J_512J,_ 40097J.l""i.-

LSF ET Array- sMIM-C Cl'OS$-SectlOn A-A _1ech 
Insights 
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-- ---- ------------------

Statement of Measurement Uncertainty and Scope Variation 

Statement of Measurement Uncertainty 

T echlllSIQl\ts caltbrates length measurements on its scannng elec1ron mtcroscope (SEM), transmission electron mtaoscope CTEM). and optical microscopes using 
measurement standerds that are treoeable to the International System of Units (SI). 

Our SEM'TEM cross-calibration standard was cahbra1ed at the National Physical Laboratory (NPL) m the UK (Report Reference LR0304/E060503421SEM4/190). TlMs 
stanoaro has a 146 :!: 2 nm (:!: 1.4%) prtdl, es certified by the NPL. T echlnsigl\ts V8ffll8S every SIX montfls that its SEM and TEM are calibrated to within :!: 2% of thrs standard, 
aver the full megnificalioo ranges used 

T echlnsighls' opbcal microscopes are calibrated usmg a rncromet« cellbrated at the Nabooal Research Council of Qlnada (CNRC) (Report Reference LS-2005-0010). This 
standard has an elqlmlded uncertainty of 0.3 I.Ill (0 3%) for lh9 mtcrometer's 100 µm prtdl lines 

Random measurement errors. mlroduced dunng measurements of features on the calibrated images, yield en additional expMded uncertainty, which together v.,11\ calibration 
uncertainty, rs epproXlffl8tely :!: 5% or better ror f88M8S larger ttai about 20% or the mege Width. 

Tecttlnsigl\ls camera systems, used for package photographs and teardo'Ml photographs, end Techlnsigl\ls X-ray instruments are not calibrated. Pad(age dllT18nslOIIS are 
measured physically with ce~pers. 

The metenals analysis reported in T echlllSIQh1s reports is normally limited to approximate elemental oomposition, rather than stoichiomeb)'. Quentification of energy dispersive 
spectroscopy (SEM-EDS and TEM-EOS) and TEM-based electron energy loss spedrOSCopy (TEM.EaS) matenals enalySis USU8lt, not proVlded. unless oltlelWlse stated. 
T echlnsights will typtcally abbreviate 1he mat81181 ~. using only lhe elemental symbols (rather than full chenical fOIIOOla) m awro,amete order of the peak heights m 
the spedra, but ttus does s,gnify the relalM! concentration 

Seconda!y ion mass spectrometry (SIMS) date may be calibrated for certain dopant elements. provided suitable standards were available. Spre&11ng resistance profiling 
(SRP) data IS typecally cabbrated. Scen111ng mtaowave 1mpedance rncroscnpy (sMIM-C) provldes spatial mfonnation on Ille dopant type; OOM1Yer, II. is not quanlil8tive. The 
aco.mcy of other methods is available on request. 

statement of Scope Variation 

Due to the natlNe ot reverse engineenng ~ ttl8 diversrty of enetyzect devices, there is a possibility or coolant valia1ion in Techlnsigl\ls tedlnical reports. 

3 N.__,.020:Z2T~ft.~ao'l'J,#MtoWWd. 

MP86905 Supplemental Report at 3. 

Tech 
Insights 

The MPS Accused Products include/comprise a semiconductor device comprising a substrate of a first doping type at a first doping level having first and 
second surfaces. For example, analysis of an exemplary MPS Accused Product (the MPS 86905 discussed above) reveals the presence of such a substrate. 

For example, the MPS 86905 discussed above for Claim I, Preamble, was imaged using scanning electron microscopy (SEM) scanning capacitance/microwave 
impedance microscopy (SCM/SMIM) analysis. 

J>age 5 
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MP9502 Die LSFET Array- P- and N-Type Regions 
• SCM and sMIM-C analy51s of the LSFET array ShoW the use of a P-type body regoo, shallower N-<lnftlN-wetl rn the dram region, and NBL 1s absent rn the 

LSFETarray 

• The P-W811 IS -2.1 11m deep, the P-body IS -1.3 IJra deep, while 1he drarn N-<lnft/N-well IS -0.9 11m deep, shallower than 1.2 µm observed in the HSFET array 

• Both HSFET end LSFET array likely share the P-well and P-body masks, but use different mask for drarn drdt region. 

• Theeffedlve channel length defined by dopantbollndaryis estrmatedto be ~o.1s11m ,n theLSFET array 

2 

T~dCldl/Plodud tO.oi,o, 

= 
U>doped/ 
l"'fl#f-

,.._ -. 

Alr.Jy_2_04!l622156352_ PRODUCT _FRW _ 10Ou_512p_ ,009n.png 

LSFET Array-SCM Crosa-SectJon A-A 

M....-.02022:l~W'l;. AS,q&,.,,.,.,.._ 

MP86905 Supplemental Report at 2. 

-_ .. -

---
T~- 10.0im 

A,ray_2_040622156352_SMMC_FRW _ 10 Ou_512p_ 400973 ~ 

LSFET Arrly-sMIM..C Cross-Sec:tionA-A .,ech 
Insights 
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What is a p-type Semiconductor? 

A p.type semiconductor is an intrinsic semiconductor doped wilh boron (B) or indium (In). Silicon of Group IV has four valence electrons and boron of Group 

Ill has three valence electrons. If a small amount of boron is doped to a single crystal of siliccn, valence electrons will be insufficient al one position to bond 

s~icon and boron, resulting in holes• that lack electrons. When a voltage is appied in this stale. the neighboring electrons move to the hole, so that the place 

where an electron is present becomes a new hole. and the holes appear to move to the·-· electrode in sequence. 

0 

® e ® ) 0 0 
Silicon (Si): 

°=9=o 
) 0 0 

Four valence 
electrons Adding boron to 00 oo 00 

b pure silicon crystal 
results in lack of an ) ® 0 0 0 © electron. And it :, 0 0 

0 becomes a hole. 

I > 00 00 I 00 
Boron (B}: 0 © Three valence 0 ) e 0 G) :\ e electrons :, 0 

0 

• This hole IS the earner of a p.fype semlcon(lu,;tor. 

See https://toshiba.sem icon-storage.com/us/sem iconductor/knowledge/e-leaming/discrete/chap I /chap 1-
4.h~m ]#:-:text- AO o20p%2Otype%20sem iconductor" o20isJ I 1° o20has0 o20three0 o20valence%20electrons. 

C 
C 

( 

< 

C 
C 

I Hole I 

The MPS Accused Products, and products incorporating them, include/comprise a semiconductor device comprising 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. For 
example, as shown in imagery from the Tech Insights Report, the exemplary MPS 86905 scanning capacitance/microwave impedance microscopy 
(SCM/SMIM) analysis includes a first active region disposed adjacent the first surface of the substrate. See below showing "HSFET Array," and toward the 
top the source (''S" ), gate ("g") and drain ("drain") where the transistors are, underneath each of the annotations are active regions. See also below showing 
"LSFET Array." 

Page 7 
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MP9502 Die LSFET Array- P- and N-Type Regions 
• SCM anel sMIM-C anatysrs of the LSFET array show the use of a P-type bOdy region, shalJower N-dnfl/N-well in Dle <1ra1n region. and NBL 1s absent 10 the 

LSFET array 

• The P-well IS -2 1 IJffl deep, the P-body Is -1.3 j.Jffl deep, while the dram N-<lrtft/N-well 1s -0.9 11m deep, shallower than 1 2 µm observed in the HSFET array 

• Both HSFET end LSFET array likely share the P-well and P-body masks, but use different mask for drain dnft regron 

• The effectJve channel length defined by dopant boundasy is estimated to be -0.15 µm 1n the LSFET array 
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MP86905 Supplemental Report at 2. 
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!Claim 1, 
Element 31 a 
second active 
region 
separate from 
the first active 
region 
disposed 
adjacent to the 
first active 
region and 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 11 of 121 PagelD #: 150 
Exhibit A-1 to Greenthread•s Complaint (U.S. Patent No. 10,510,842) 

MP9502 Die HSFET Array- P- and N-Type Regions 

• SCM and sMIM-C analysis of the HSFET array show the use of a P-type body regiOn. N-type drift region, and a higher-doped N-well at the drain region. 

• The P-well layer starts -2.1 µm from the front surface, while the NBL measures -5.311m thick and reaches-7.4 pm deep. 

• NBL seems to have two regions of higher-<loped lower portion and lower-doped upper portion in the Si body. 

TocnlftllOl,II"~- 10,0um 

== 
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=~ 
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HSFET Array - sMIM-C Cross-section A-A 
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Tech 
Insights 

MP86905 Report at 42. 

The MPS Accused Products include a semiconductor device comprising a second active region separate from the first active region disposed adjacent to the 
first active region and within which transistors can be formed. For example, the HSFET and LSFET arrays shown in the images reproduced at Claim 1, 
Element 2 shows multiple transistors with active regions. 
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within which 
transistors can 
be formed; 

(Claim 1, 
Element 41 
transistors 
formed in at 
least one of 
the first active 
region or 
second active 
region; and 

!Claim l, 
Element 51 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 
surface to the 
second 
surface of the 
substrate. 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 12 of 121 PagelD #: 151 
Exhibit A-1 to Greenthread's Complaint (U.S. Patent No. 10,510,842) 

The MPS Accused Products include a semiconductor device comprising transistors formed in at least one of the first active region or second active region. See 
above at Preamble, Elements 2-3 (discussing the HSFET AND LSFET arrays). 

The MPS Accused Products meet this limitation. See above at Element I. For example, this is shown by the scanning capacitance/microwave impedance 
microscopy (SCM/sMIM) analysis. SCM/sMIM electrically characterizes the tested device and generates maps, which provide graphical representation of the 
dopant types and concentrations by measuring carrier movement as they are attracted to or repulsed by the probe. The SCM/SMIM maps taken from MPS 
Accused Products shown herein demonstrate differences in carrier concentration as a function of depth, which generate electric fields within the accused 
products. The contrast in the SMIM image is proportional to the capacitance of the sample under inspection, so that brighter green corresponds to higher 
dopant concentration, and darker green/black corresponds to lower dopant concentration. Likewise, the SCM images above show doping concentration and 
doping type as indicated in the legends to the right. Zooming in on the sMIM-C image taken from page 43 of the Tech Insights report clearly shows vertical 
dopant grading in the active regions surounding the source, gate, and drain. The image of the LSFET array (reproduced below) also shows grading near the 
source and drain and in wells. 
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Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 13 of 121 PagelD #: 152 
Exhibit A-1 to Greenthread's Complaint (U.S. Patent No. 10,510,842) 

MP9502 Die LSFET Array - P- and N-Type Regions 
• SCM end sMIM-C anatys,s of Iha LSFET array show the use ol a P-type body region. shallower N,<1nft1N-we11 m the <lra111 region. and N8L Is absenl m the 

LSFETarray 

• The P-well Is -2.1 µm deep, the P-body Is -1.3 µm deep, wt11le the dram N-dnft/N-well Is -0.9 µm deep, Shallower than 1 2 1,1m observed In the HSFET array 

• Both HSFET end LSFET array likely sl'lere Iha P-well and P-body masks. but use different mask for drain dmt region 

• The effective channel length defined by dopant boundary IS est1111ated to be --0.15 µm In the LSFET array 

2 

ToclllNillf""' dCkN P,od\,d 10.0lim 

:= 
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LSFET Arrw - SCM Cross-section~ 
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MP86905 Supplemental Report at 2. 

....., ...,. .. -

-doper, -
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Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 14 of 121 PagelD #: 153 

Exhibit A-1 to Greenthread's Complaint (U.S. Patent No. 10,510,842) 

(Zoomed in near active regions on image from page 43) 
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MP86905 Report at 43. 
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Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 15 of 121 PagelD #: 154 
Exhibit A-1 to Greentbread's Complaint (U.S. Patent No. 10,510,842) 

Techlnslghts' dC/dV Product 10.0µm 

P.type 
dopmg 

undoped/ 
highly doped 

N-typ& 
doping 

T(?th 

Array_2_040622155352_PRODUCT_FRW_ 10.0u_512p_ 400973.png 

LSFET Array - SCM Cross-Section A·A 

MP86905 Report at 43. 

Page I 3 



G
reenthread Ex. 2026, p. 155 of 260 

M
PS v. G

reenthread 
IPR

2024-00552

2. The 
semiconductor 
device of 
claim I, 
wherein the 
substrate is a 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 16 of 121 PagelD #: 155 
Exhibit A-1 to Greenthread's Complaint (U.S. Patent No. 10,510,842) 

Additionally, MPS' annual report states that it seeks patent protection based on its product designs designs: "In general, we have elected to pursue patent 
protection for aspects ofour circuit and device designs that we believe are patentable." See MPS "2021 ANNUAL REPORT ON FORM 10-K" at 4. Therefore, 
the purported inventions described in MPS's patents are an indication of how its products operate. The descriptions ofMPS's purported inventions in its patent 
applications confinn that its products meet this limitation. For example, Figure 5 of MPS U.S. Patent No. 8,704,292 (below) clearly shows the use of graded 
dopants in active and well regions for the purposes of creating electric fields to aid carrier movement. The patent recites that "The dashed line in FIG.5 shows a 
uniform electric field distribution associated with an example drift region doping profile." 

Electric 
Field 

Lower Doping Near 
Source Provides 

' / Lower Electric Field + with graded 

~-________ /_doping 

XO X1 X2 

FIG.5 

with uniform 
doping 

Depth 

Upon information and belief, the substrate of the semiconductor device of the MPS Accused Products is a p-type substance, as discussed above and shown in 
SCM/sMIM analysis above. 
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p-type 
substrate. 

4. The 
semiconductor 
device of 
claim I, 
wherein the 
substrate has 
epitaxial 
silicon on top 
ofa 
nonepitaxial 
substrate. 

5. The 
semiconductor 
device of 
claim I , 
wherein the 
first active 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 17 of 121 PagelD #: 156 
Exhibit A-I to Greenthread's Complaint (U.S. Patent No. 10,510,842) 

Upon information and belief, the substrate of the MPS Accused Products has epitaxial silicon on top of a nonepitaxial substrate. For example, the device 
summary shown below includes an upper epitaxy layer. 

Device Summary 
. This report presents a Power Essenba1s analysis of the MPS MP86905 silicon (Si)-based Manufacturer Monollthic Power Systems 

power management IC (PMIC). The MP86905 is a monotithic half-bridge wllll built-in 
P•nnumber MP86905 internal power MOSFETs and gate drivers and is idealy suited for multi-phase buck 

N!gulatotS. It offers 50 A oontinuous output current CM!r a w,de 4.5 V to 16 V operating Foundry Unknown 
Input range [2J. Type PMIC 
The MP86905 a>mpnses a single d,e with MP9502 die marking!>. which are encapsulated Date code H39 (week 39 of 2017) 
tn a 23-p,n fllp-dup quad-flat-no-lead (FC-OFN) package Witt, bkely copper (Cu) bumplng Package type 23-pin FC..QFN 
d1rect1y to the leadframe 

MPSH39 . The MP9502 d,e substrate is -155 µm thick 1nclud1ng the upper epitaxy layer and uses Package martdngs M86905 
B1polar-CMOS-DMOS (8CO) technology. It features a single layer of polysllicon ,n the 54U403 
analyzed regions. three aluminum (Al) metal layers, tungsten (W) contacts and via!>. cobalt 

3.97 mm" 3.97 mm " 0.88 mm sillClde (CoS1) at the source, drain. and polysilloon oontact rag,ons. The pre-metal dielectric Package dimensions 
(PMD) uses s1&oon oxide (S1O) layers, wtlile the mter-melal dielectnc (IMO) layers uses (thick) 
oxide as weH. Isolation structures include shallow trench 1solabon (STI) ,n the IQglc region 

Die marking$ MP9502 2013 . One group of high side MOSFET (HSFET) array arid two groups of low side MOSFET <MPSlogo> 

(LSFET) array are used on 1118 die. The structure and dopants of the HSn..S FET arrays are Die size (whole die) 3.38 mm " 3.14 mm (10.61 mm') 
artalyzed. Dopant analysis in the HS/LS FET array region shows the use of a P-type Die size (edge eeal) 3.36 mm" 3.12 mm (10.48 mm') 
substrate, an N-type buried layer (NBL). a N-crift/N-weU layer and a P-well layer. 

Minimum menured transistor . The stepped-gate-oxide (SGO) iS used in the LDMOS devices on this die. The use of SGO gate length/pitch 0.40 1,1ml0.86 µm 
allows a reduction of on-resistance (Ron) oompared with the oonventional ST! LDMOS {3). 

Likely 0.1811m prooess . The HSFET Is arranged tn a one-dimensional (10) array with a -4.0 JJffl drain-to-dram pitch Process g-ratlon generation with relaxed feature 
and -0.66 11m total polysilioon ga!Q length, wlllle the LSFET is an-ange<I With -3.4 µm dimensions 
drain-to-dram prtdl and -0 60 µm total polysifioon gate length in total. 

Future maasun,d to determine Contacted gate prtm, use of CoSi . In the logoc region, the m1nunum obsetved gale length ,s 0.40 µm on a 0.86 11m contacted procffs generation 
gate pitctl, indicating the use of likely 0. 18 µm process generation With relaxed feature contacts, STI isolation 

dimens10ns. Maximum voltage [2J 18V 

Tech 
5 AICIDNllli.02Q22T~lne.iJl,.,.,.....C, Insights 

The MPS Accused Products meet this limitation. See above at Claim 2. 
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region and 
second active 
region contain 
one of either 
p-channel and 
n-channel 
devices. 

6. The 
semiconductor 
device of 
claim I, 
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 a graded 
dopant. 

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

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 18 of 121 PagelD #: 157 
Exhibit A-1 to Greenthread's Complaint (U.S. Patent No. 10,510,842) 

The MPS Accused Products meet this limitation. As shown above, the sources and drains are n-doped and therefore the device is p-channel. The first and second 
active regions accordingly contains p-channel devices. See Tech Insights Report images reproduced above at Claim 1, Element 2. 

The MPS Accused Products meet this limitation. The first active region and second active region haven-type dopant and contain p-channel devices inn-wells. 
The wells have graded dopants. See Tech Insights Report images reproduced above at Claim I, Element 2 annotating "n-wells." 
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8. The 
semiconductor 
device of 
claim I, 
wherein the 
graded dopant 
is fabricated 
with an ion 
implantation 
process. 

!Claim 9, 
Preamble! A 
semiconductor 
device, 
comprising: 

!Claim 9, 
Element 11 a 
substrate of a 
first doping 
type at a first 
doping level 
having first 
and second 
surfaces; 

(Claim 9, 
Element 21 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 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 19 of 121 PagelD #: 158 
Exhibit A-1 to Greenthread's Complaint (U.S. Patent No. 10,510,842) 

- -- - - - - --

Upon infonnation and belief, the graded dopant is fabricated with an ion implantation process. For example, ion implantation is the prevalent process for 
implementing doping in semiconductor devices, and is believed to be used for the MPS's Accused Products. MPS 's recent patent applications reference forming 
N regions and P regions by ion implantation. Information about the fabrication process for the MPS Accused Products. including usage of an ion implantation 
process, is in the possession of Defendant and is expected to be obtained through discovery. 

The MPS Accused Products meet this limitation. See above at Claim I, Elements 1-3. 

The MPS Accused Products meet this limitation. See above at Claim I, Element I. 

The MPS Accused Products meet this limitation. See above at Claim I, Element 2. Upon infonnation and belief, transistors can be formed in the surface of the 
first active region. Details regarding formation of transistors are in the possession of Defendant and are expected to be obtained through discovery. 
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which 
transistors can 
be fonned in 
the surface 
thereof; 

!Claim 9, 
Element 3) a 
second active 
region 
separate from 
the first active 
region 
disposed 
adjacent to the 
first active 
region and 
within which 
transistors can 
be fonned in 
the surface 
thereof; 

!Claim 9, 
Element 4) 
transistors 
formed in at 
least one of 
the first active 
region or 
second active 
region; and 

!Claim 9, 
Element 5) at 
least a portion 
of at least one 
of the first and 
second active 
regions 
having at least 
one graded 
dopant 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 20 of 121 PagelD #: 159 
Exhibit A-1 to Greenthread's Complaint (U.S. Patent No. 10,510,842) 

The MPS Accused Products meet this limitation. See above at Claim I, Element 3. Upon information and belief, transistors can be fonned in the surface of the 
second active region. Details regarding formation of transistors are in the possession of Defendant and are expected to be obtained through discovery. 

The MPS Accused Products meet this limitation. See above at Claim I, Element 4. 

The MPS Accused Products meet this limitation. See above at Claim I, Element 5. 
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concentration 
to aid carrier 
movement 
from the 
surface to the 
substrate. 

12. The 
semiconductor 
device of 
claim 9, 
wherein the 
substrate has 
epitaxial 
silicon on top 
ofa 
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 
semiconductor 
device of 
claim 9, 
wherein the 
first active 
region and 
second active 
re__gion contain 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 21 of 121 PagelD #: 160 
Exhibit A-1 to Greenthread's Complaint (U.S. Patent No. 10,510,842) 

- -- - - -

The MPS Accused Products meet this limitation. See above at Claim 4. 

The MPS Accused Products meet this limitation. See above at Claim 5. 

The MPS Accused Products meet this limitation. See above at Claim 6. 
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either p­
channel or n­
channel 
devices in n­
wells or p­
wells, 
respectively, 
and each well 
has a graded 
dopant. 

15. The 
semiconductor 
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 
process. 

17. The 
semiconductor 
device of 
claim I, 
wherein the 
first and 
second active 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 22 of 121 PagelD #: 161 
Exhibit A-l to Greenthread's Complaint (U.S. Patent No. 10,510,842) 

Upon infonnation and belief, the MPS Accused Products meet this limitation. See above at Claim 7. 

Upon information and belief, the MPS Accused Products meet this limitation. See above at Claim 8. 

The MPS Accused Products meet this limitation. See above at Claim I, Elements 2-3. 
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- -

regions are 
formed 
adjacent the 
first surface of 
the substrate. 

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

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 23 of 121 PagelD #: 162 
Exhibit A-I to Greenthread's Complaint (U.S. Patent No. 10,510,842) 

-- -- ---

The MPS Accused Products meet this limitation. As discussed above for Claim I, the MPS Accused Products include first and second active regions. Upon 
information and belief, CMOS transistors formed in the first and second active regions, the CMOS transistors requiring a source, a drain, a gate, and a channel 
region. Details regarding transistors used are in the possession of Defendant and are expected to be obtained through discovery. 
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U.S. Patent No. 
10,734,481 

!Claim 1, 
Preamble) A 
semiconductor 
device, 
comprising: 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 24 of 121 PagelD #: 163 
Exhibit A-2 to Greenthread's Complaint (U.S. Patent No. 10,734,481) 

Exemplary Accused Product 

MPS 86905 lntelli-Phase Solution with integrated HS/LS-FETs and Driver 

To the extent the preamble is a limitation, the MPS Accused Products constitute and are incorporated into semiconductor devices. This chart includes 
exemplary infonnation regarding a representative example of the MPS Semiconductor 86905 lntelli-Phase Solution with integrated HS/LS-FETs and Driver 
("86905"). The 86905 was analyzed in the below referenced report from Tech Insights. MPS MP86905 [ntelli-PhaseTM Solution with Integrated HS/LS­
FETs and Driver Power Essentials Summary ("MP86905 Report"), available at hnps://library.techinsights.com/search/device-details?tab=reports&id=PEF-
2202-80 I &genealogyCode=MPS-MP9502. The 86905 was also analyzed in a supplemental report from Tech Insights ("MP86905 Supplemental Report"). 
See Exhibit 8 (Supplemental Report for PEF-2202-801). The complete reports are hereby incorporated by reference into each and every claim and claim 
element discussed. Selected pages are reproduced herein to aid in understanding. 

The MPS 86905 is representative of the MPS Accused Products for purposes of this claim chart and the other infringement contention claim charts because 
upon information and belief, the other MPS Accused Products would have similarly been advantageously designed to move carriers (e.g., towards the 
substrate) and achieve the performance enhancements described and claimed in the '481 patent (and the other asserted patents). For example, the other 
MPS Accused Products would similarly have been designed with a dopant gradient in order to improve performance characteristics such as on and off 
switching times and other performance enhancements described in the Abstract of the '481 patent (and the other asserted patents). Similarly, the other MPS 
Accused Products (including MPS Accused Products) would have been designed in a similar manner as the MPS 86905 for purposes of this claim chart to 
achieve such performance enhancements (e.g., on and off switching times). The claimed invention would have application in numerous types of MPS 
products, including switching converters and controllers, multi-phase controllers, power management integrated circuits, USB switches, load switches, 
MOFSET drivers, insolated 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, and current sensors, because such products would benefit from, among other things, improved switching time for 
transistors in the device. Therefore, upon information and belief the other MPS Accused Products contain similar features as the MPS 86905 transistors 
depicted here, and function in a similar way with respect to the features claimed in the asserted claims, and the other MPS Accused Products contain similar 
features as the MPS 86905, and function in a similar way with respect to the features claimed in the asserted claims. 

This claim chart is based on publicly available information, and additional infonnation regarding these and other accused products is expected to be 
obtained through discovery. The MPS Accused Products, of which MPS 86905 is one example, are semiconductor devices. 
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Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 25 of 121 PagelD #: 164 
Exhibit A-2 to Greenthread's Complaint (U.S. Patent No. 10,734,481) 

Device Summary 

• This report presents a Powe,- Essentials analysis of the MPS MP86905 Sllioon (S1)-bas«! 
power management IC (PMIC). The MP86905 is a monolithic half-bridge with built-in 
internal power MOSFETs and gate drivers and is Ideally suited for multi-phase buck 
regulators. It offers 50 A continuous output current over a W1de 4.5 v to 16 V operating 
Input range (2). 

• The MP86905 comprises a single die with MP9502 die marlungs. which are encapsulated 
In a 23-pm 1!1p.chip quad-flat-no-lead (FC.QFN) package With bkely copper (Cu) bumping 
directly to the leadframe. 

The MP9502 die substrate is -155 11m thick lllciud1ng the upper epitaxy layer and uses 
Bipolar-CMOS-DMOS (BCD) technology It features a single layer of polysilicon m the 
analyzed regions, three aluminum (Al) metal layers. tungsten (W) contacts and llias, cobalt 
silicide (CoSI) at the source. drain, and polysillcon oontact regions. The pre-metal dielectric 
(PMD) uses silicon oxide (SiO) layers, while !tie inter-metal dielectric (IMO) layers uses 
oxide as well Isolation structures include shallOw trend> 1solat10n (STI) ,n the tog,c reg,on 

• One group of high Side MOSFET (HSFET) am,y and hlO groups of low side MOSFET 
(LSFET) array are used on the die. The strueture and dopants of the HSII.S FET arrays are 
analyzed. Dopant analysis in the HS/LS FET array region shows the use of a P-type 
substrate. an N•type buned layer (NBL). a N<!riftlN.wetl layer and a P-well layer. 

• The stepped-gate-oxide (SGO) is used in the LDMOS devices on this die. The use of SGO 
at~ a reduction of on-resistance (Ron) eompared with the conventional STI LDMOS {3). 

• The HSFET is arranged in a one-dmensional (10) array with a -4.0 11m drain-to-drain pitch 
and -0.661,1m total polySdicon gate length, while the LSFET IS arranged wl1l1 ~3.4 11m 
drain-to-drain pitch and -0.60 iirn total polysihoon gale length lri total. 

• In Ille logic region, the minimum obsemid gate lengtll IS 0.40 11m oo a 0.86 11m contacted 
gate pitch. indicating the use or likely 0.18 11m process genera110n with relaxed feature 
dimensions. 

5 Mca-.1110JQ:22T~h;.Mrtf'D,..,..._ 

MP86905 Report at 5. 

Manufacturer 

Part number 

Foundry 

Type 

Date code 

Paek.age type 

Package markings 

Package dimensions 

Die markings 

Die size (whole die) 

Die size _(41dge seal> 

Minimum measured transistor 
gate le"!Jlhlpltch 

Proc:ess generation 

Feature measured to datannine 
procass generation 

Maximum voltage (2) 

Monorrthic Power Systems 

MP86905 

Unknown 
PMIC 

H39 (week 39 of 2017) 

23-pm FC-QFN 

MPSH39 
M86905 
54U403 

3.97 mm x 3.97 mm x 0.88 mm 
(thick) 

MP9502 2013 
<MPS~O'> 

3.38 mm x 3.14 mm (10.61 mm') 

3.36 mm x 3.12 mm (10.48 rnrn') 

0.40 IJm/0.86 11m 

l.alcely 0.18 IJffl process 
generallan with relaxed feature 
dimensions 

Contactad gate pitch. use of CoSI 

oonlacls, STI isolation 

18V 
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MP9502 Die HSFET Array- P- and N-Type Regions 

• SCM and sMIM-C analysis of the HSFET array shoW the use of a P-type body region, N-type drift region, and a higher-doped N-well at the drain region. 

• The P-well layer starts -2. 1 11m from the front surface, while the NBL measures -5.3 11m lhicl( and reaches -7.4 11m deep. 

• NBL seems to have two regions of higher-doped lower portion and lower-doped upper portion in the Si body. 

,.._ -
-IIIQl\l,dopod 

= 
,_"'°'llhl"'«-- 100\m 

May 040522164008 PROOUCT FRW 10 OU 512p 400973 png 

HSFET Array - SCM Cross-section A-A 
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ligtlor 
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HSFET Array - sMIM-C Cross-section A-A 
I 
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MP86905 Report at 42. 
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MP9502 Die LSFET Array- P- and N-Type Regions 
• SCM and sMIM-C analysis of the LSFET array show the use of a P-type body region, sllallower N-dnftlN-well 111 the drain reglO!l, and NBL IS absent 1n the 

LSFET array 
• The P-well 1s -2.1 µm deep, the P-body 1s -1.3 µm deep, wtllle the drain N-<lnft/N-well Is -0.9 µm deep, shallower than 1.2 µm observed in the HSFET array, 

• Both HSFET and LSFET array likely sllare the P-we11 and P-bOdy masks. but use different mask for dra111 dnft region. 

• The effective channel length defined by dopant boundary IS estimated to be --0.15 µm m the LSFET array. 
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(Claim 1, 
Element 11 a 
substrate of a 
first doping type 
at a first doping 
level having first 
and second 
surfaces; 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 28 of 121 PagelD #: 167 
Exhibit A-2 to Greenthread's Complaint (U.S. Patent No. 10,734,481) 

Statement of Measurement Uncertainty and Scope Variation 

Statement of Measurement Uncertainty 

Tedllnsigh1s calibrates lengttl measurements on its scanring eleC1ron microscope (SEM), lralsmission electron microscope (TEM), and optical microscopes using 
measurement standards that are traceable to 1he International System of Units (SI). 

Our SEM/TEM aoss-calibration standard was celibn:ltsd at 1he National Physical laborato,y (NPL) in the UK (Report Reference LR0304IE06050342/SEM4/190). This 
standard has e 146 ± 2 nm(± 1.4%) prtdl, as certified by the NPL. Tedllnsaghtsverifl8S every six monltls that its SEM and TEMere calibrated loWl1flin :!: 2%ofthis standard, 
over the full magnification ra,ges used. 

Tedllnsigll1s' optic:81 miCl'oscopes are celibnlled using a miaometer calibrated at the National Research Coonal of Cariada (CNRC) (Report Reference LS.2005-0010). This 
s1andard has an expinled uncertainty of 0.3 IJT1(03%) for the micrometei's 10011m pitch lines 

Random measurement errors, intmcluced dunng measurements of features on the calibrated images, yield I'll additional expanded uncertainty, v.ilich together~ calibration 
uncertainty, IS approximately :!: 5% or better for features larger than about 20% of the image -mi. 

Tedllnsaghts camera systems, used for pedcage photographs end teardown pholographS, end TecnlnsaghtsX-ray instruments ere not calibrated. Package dimensions ere 
measullld physir:aDy Vlith catipers. 

The materials analysis reported ill T echlnsights reports is nomiaUy limited to approximate elemental composition, rather then stoichiometly. Quantificalion of energy dispeislve 
spedloscopy (SEM-EDS and lEfM:DS) end TEM-based electron energy loss spectroscopy (TEM.EELS) matena1s analysis usuaOy not provided, unless othelwise stated. 
T edllnsights will typiaiOy abbreviate the material CCJn1)0Sition, using only the elemental symbols (rather ttlan full chemical fonnUla) in 8Pl)l'O)QITl8te order of the peak heights rn 
the spectra, but this does signify the relative a>ncentralion 

Secondary ion mass spectromelly (SIMS) dais may be calibmted for certain dOpant elements, provided suitable standards were available. Spreading resistance profiling 
(SRP) data IS typlallly calibrated. Scanning micro.Y8V8 1"1)8dance rnaoscnpy (sMIM-C) pnwides spatial inlormaliOn on the dopant type; however, rt is not quantrtaliw. The 
accuracy of other methods is 8\lllilable on request 

Statement of Scope Variation 

Due to the nature of nMlfSe engineering and the diversity of enely:zed ~ces, there is a possibility of content variation in Techlnsights tecmicel reports 

3 Mmn.-AOllJ221.,...,_ Ina.. Al nghrt. IMNMd. 

MP86905 Supplemental Report at 3. 

Tech 
Insights 

The MPS Accused Products include/comprise a semiconductor device comprising a substrate of a first doping type at a first doping level having first and 
second surfaces. For example, analysis ofan exemplary MPS Accused Product (the MPS 86905 discussed above) reveals the presence of such a substrate. 

For example, the MPS 86905 discussed above for Claim I, Preamble, was imaged using scanning electron microscopy (SEM) scanning capacitance/microwave 
impedance microscopy (SCM/SMIM) analysis. 
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MP9502 Die LSFET Array - P- and N-Type Regions 
• SCM and sMIM-C analysis of the LSFET array show the use of a P-type body region, shallower N-dnlt/N•well In the drain region, and NBL is absent In the 

LSFET array. 

• The P-well IS -2 1 µm deep, the P-body IS -1 .3 µm deep, while Ille drain N-dnftJN,weU IS -0.9 11m deep, shallower than 1.2 µm obseJVed in the HSFET array, 

• Both HSFET and LSFET array likely share the P-well and P-oody masks, but use different mask for drain dnft region. 

• The effective channel length defined by dopant boundary is estimated to be --0.1511m 1n the LSFET array 
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!Claim t, 
Element 21 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; 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 30 of 121 PagelD #: 169 
Exhibit A-2 to Greenthread's Complaint (U.S. Patent No. 10,734,481) 

What is a p-type Semiconductor? 

A p,-type semiconductor is an intrinsic semiconductor doped with boron (B} or indium (ln):'"Sllicon olGroup fV ljas four val9!lce elec!rons and boron of Group 

Ill has three valence electrons. If a small amount of boron is doped to a single crystal of silicon, valence electrons will be insufficient at one position to bond 

silicon and boron, resulting in holes' that lack electrons. When a voltage is applied in this state, the neighboring electrons move to the hole, so that the place 

where an electron ts present becomes a new hole, and the holes appear to move to the"-" electrode in sequence. 

) e 0 © 0 © < 
Silicon (Si): 

0~ 
) 0 0 C 

Four valence 
electrons Adding boron to 00 oo 00 

pure silicon crystal 
results in lack of an ) e 0 0 0 €) ( 

electron. And it :, 0 0 C 
0 becomes a hole. 

I > 00 00 \ 00 
Boron (B): 0 0 Three valence 0 ) cg 0 © :\ © ( 

electrons ) 0 C 

0 
I Hole I 

• This hole Is lhe earner of a p.('/pe semtconductor. 

See https://toshiba.sem icon-storage.com/us/semiconductor/knowledge/e-learning/d iscrete/chap I /chap 1-
4 .htm !#:~:text= A %20p%2 Dtype%20semiconductor%2 0 i s,111%20has%20th_r_ee%20valence%20e I ectrons. 

The MPS Accused Products, and products incorporating them, include/comprise a semiconductor device comprising 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. For 
example, as shown in imagery from the Tech Insights Report, the exemplary MPS 86905 scanning capacitance/microwave impedance microscopy 
(SCM/SMIM) analysis includes a first active region disposed adjacent the first surface of the substrate. See below showing "HSFET Array," and toward the 
top the source (''S"), gate ("g") and drain ("drain") where the transistors are, underneath each of the annotations are active regions. See also below 
showing "LSFET Array." 
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MP9502 Die LSFET Array - P- and N-Type Regions 
• SCM and sMIM-C analysis of the LSFET array show the use of a P-type body region, shallower N-<lnfl/N-wen In the drain regron, and NSL rs at>senl In the 

LSFET array. 

• The P-IWlll is -2 1 1,1m deep, the P-l>Ody IS -1 .3 1,1m deep, wllIle Iha dram N-dnft/N-well Is -0.9 µm deep, shallower than 1.2 µm observed In the HSFET array. 

• Both HSFET and LSFET array likely share the P-well and P-bo<ly masks, but use different mask for dram dnfl region 

• The effective channel length defined by dopant boundary is estimated to Ile -0.15 11m in the LSFET array. 
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!Claim 1, 
Element 3) a 
second active 
region separate 
from the first 
active region 
disposed 
adjacent to the 
first active region 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 32 of 121 PagelD #: 171 
Exhibit A-2 to Greenthread's Complaint (U.S. Patent No. 10,734,481) 

MP9502 Die HSFET Array - P- and N-Type Regions 

• SCM and sMIM-C analysis of the HSFET array shoW the use of a P-type body region, N-type drift region. and a higher-doped N-well at the drain region. 

• The P-well layer starts -2. 1 11m from the front surface. while the NBL measures -5.3 pm thick and reaches -7 .4 1,1m deep. 

• NBL seems lo have two regions of higher-doped lower portion and lower-doped upper portion in the Si body. 
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Tech 
Insights 

MP86905 Report at 42. 

The MPS Accused Products include a semiconductor device comprising a second active region separate from the first active region disposed adjacent to the 
first active region and within which transistors can be fanned. For example, the HSFET and LSFET arrays shown in the images reproduced at Claim 1, 
Element 2 shows multiple transistors with active regions. 
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and within which 
transistors can be 
formed; 

[Claim t, 
Element 41 
transistors 
formed in at least 
one of the first 
active region or 
second active 
region; 

(Claim J, 
Element SI 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 surface 
to the second 
surface of the 
substrate; and 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 33 of 121 PagelD #: 172 
Exhibit A-2 to Greenthread's Complaint (U.S. Patent No. 10,734,481) 

The MPS Accused Products include a semiconductor device comprising transistors formed in at least one of the first active region or second active region. 
See above at Preamble, Elements 2-3 (discussing the HSFET AND LSFET arrays). 

The MPS Accused Products meet this limitation. See above at Element I. For example, this is shown by the scanning capacitance/microwave impedance 
microscopy (SCM/sMIM) analysis. SCM/sMIM electrically characterizes the tested device and generates maps, which provide graphical representation of 
the dopant types and concentrations by measuring carrier movement as they are attracted to or repulsed by the probe. The SCM/SMIM maps taken from 
MPS Accused Products shown herein demonstrate differences in carrier concentration as a function of depth, which generate electric fields within the 
accused products. The contrast in the SMIM image is proportional to the capacitance of the sample under inspection, so that brighter green corresponds to 
higher dopant concentration, and darker green/black corresponds to lower dopant concentration. Likewise, the SCM images above show doping 
concentration and doping type as indicated in the legends to the right. Zooming in on the sMIM-C image taken from page 43 of the Tech Insights report 
clearly shows vertical dopant grading in the active regions surounding the source, gate, and drain. The image of the LSFET array (reproduced below) also 
shows grading near the source and drain and in wells. 
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MP9502 Die LSFET Array - P- and N-Type Regions 
• SCM and sMIM-C analySls of lflB LSFET arrey show the use of 8 P•type body reglOO, shallower N-dnft/N-well in 1118 dralll rtlgKlll, and NBL IS absent Nl tile 

LSFET array. 

• The P-well 1s -21 µm deep, the P-body1s -1 .3 µm deep, wfl11&the drain N-drifVN-wall is -0.9 µm deep, shallower than 1.2 µm observed rnthe HSFET array. 

• Both HSFET and LSFET array likely shere the P-well and P-body masks, but use different maSk for drain dnft r8gl()I\. 

• The effaellve cllannel length defined by dopant boundary 1s estimated to be -0.15 µm 11'1 the LSFET array. 
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(Zoomed in near active regions on image from page 43) 
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MP86905 Report at 43. 
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Techlnslghts' dC/dV Product 10.0µm 

P-fype 
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doping 
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Element 61 at 

Case l :23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 37 of 121 PagelD #: 176 
Exhibit A-2 to Greenthread's Complaint (U.S. Patent No. 10,734,481) 

Additionally, MPS' annual report states that it seeks patent protection based on its product designs designs: "In general, we have elected to pursue patent 
protection for aspects of our circuit and device designs that we believe are patentable." See MPS "2021 ANNUAL REPORT ON FORM I 0-K" at 4. Therefore, 
the purported inventions described in MPS's patents are an indication of how its products operate. The descriptions ofMPS's purported inventions in its 
patent applications confinn that its products meet this limitation. For example, Figure 5 of MPS U.S. Patent No. 8,704,292 (below) clearly shows the use of 
graded dopants in active and well regions for the purposes of creating electric fields to aid carrier movement. The patent recites that "The dashed line in FIG.5 
shows a unifonn electric field distribution associated with an example drift region doping profile." 

Electric 
Field 

Lower Doping Near 
Source Provides 

I Lower Electric Field + with graded 

l~---------L~~~~ 

XO X1 X2 

FIG. 5 

with uniform , 
doping 

Depth 

The MPS Accused Products include a sern-iconductor device comprising 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 movement from the first surface to the second surface of the substrate. The images of 
the HSFET and LESFET arrays reproduced below (and above) clearly show dopant grading in th~ \\fell regions. Likewise, Figure 5 from MPS's '292 patent 
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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 
movement from 
the first surface 
to the second 
surface of the 
substrate. 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 38 of 121 PagelD #: 177 

Exhibit A-2 to Greenthread's Complaint (U.S. Patent No. 10,734,481) 
shows grading in a well region. 

(Zoomed in near active regions on image from page 43) 

SGO 
D channel ~o 

s G i • ,__.., 

I N- drain 
0 20 µn1 r--

i 
N- source 
0 20 µn1 

+ 
-

N-'Ne!I 
1 2 µn1 

C 

1 P-well + 2 1 µn1 

P-'Nell 

i 

gate polySt 

N -drrft 

Page 15 



G
reenthread Ex. 2026, p. 178 of 260 

M
PS v. G

reenthread 
IPR

2024-00552

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 39 of 121 PagelD #: 178 
Exhibit A-2 to Greenthread's Complaint (U.S. Patent No. 10,734,481) 

~ate pol)'! 

1-drft 

Techtnslghts' dC/dV Product 10.01,1111 

P-type 
doping 

Wldoped/ 
highly doped 

N-type 
doping 

Tech. 

Array_2_040622155352_PRODUCT_FRW_10.0u_512p_400973.png 

LSFET Array - SCM Cross-Section A-A 
Page 16 



G
reenthread Ex. 2026, p. 179 of 260 

M
PS v. G

reenthread 
IPR

2024-00552

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

3. The 
semiconductor 
device of claim 
1, wherein the 
substrate has 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 40 of 121 PagelD #: 179 
Exhibit A-2 to Greenthread's Complaint (U.S. Patent No. 10,734,481) 

Electric 
Field 

Lower Doping Near 
Source Provides 

I Lower Electric Field + with graded 

~ _________ L_ doping 
-------

XO X1 X2 

FIG.5 

with uniform 
doping 

Depth 

Upon information and belief, the substrate of the semiconductor device of the MPS Accused Products is a p-type substance, as discussed above and shown in 
SCM/sMIM analysis above. 

Upon information and belief, the substrate of the MPS Accused Products has epitaxial silicon on top of a nonepitaxial substrate. For example, the device 
summary shown below includes an upper epitaxy layer. 
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epitaxial silicon 
on top ofa 
nonepitaxial 
substrate. 

4. The 
semiconductor 
device of claim 
l, wherein the 
first active region 
and second 
active region 
contain one of 
either p-channel 
and n-channel 
devices. 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 41 of 121 PagelD #: 180 
Exhibit A-2 to Greenthread's Complaint (U.S. Patent No. 10,734,481) 

Device Summary 
. This report presents a Power Essefltials analysls of lhe MPS MP86905 silicon (Si}-based Manufacturer Monolithic Power Si,s1ems 

power management IC (PMIC). The MP86905 is a monolithic tlalf-bndge with built➔n Part number MP86905 
i11temal power MOSFETs and gate drivers and is ideally suited for multi-phase buck 

Foundry Unknown 
regulatolS. II offers SO A conti11uous output current mier a wide 4.5 V to 16 Voperating 
input range [21. Type PMIC 

. The MP86905 oompnses a s,ngle d,e with MP9502 die markings, which are encapsulated Date code H39 (week 39 ol 2017) 

in a 23-pin fl1p-cllip quad-lla1--no-1ead {FC.QFN) package with bkety copper (Cu) bumping PKkagetype 23-pin FC-OFN 
directly to the leadframe. MPSH39 . The MP9502 die substrate is -155 SJm thick including the upper epitaxy layer and uses Package markings M86905 
Bipolar-CMOS.DMOS (BCD) technology. 11 features a single layer of polys,hcon 1n the 54U403 
analyzed regions, three aluminum (Al) metal layers. tung$ten (W) contacts and vias. cobalt 3.97 mm~ 3.97 mm• 0.88 mm 
saicide (CoSi) at lhe source, drain, and polySiltcon Ct.)ntact regions. The pre-metal d1eledric Package dimensions 
(PMD) uses silicon oxide (SiO) layers. while the inter-metal dielectric (IMO) layers uses 

(thick) 

oxide as well. Isolation structures include shallow trench ISOiation (STI) ,n the logic regoon. Die markings 
MP95022013 

. One group of higrl side MOSFET (HSFET) array and two groups of low side MOSFET 
<-MPSlog0> 

(LSFET) array are used on the die. The structure and dol)Snts of the HSJLS FET arrays aie Die slu (whole diel 3.38 mm x 3.14 mm (10.61 nun') 

ana~. Dopant analysis in the HS/LS FET array reg10n sl'l0WS the use of a P-type Die size (edge sealJ 3.36mm x 3.12 mm (10.48 mm21 
subSrrate, an N•type buried layer (NBL), a N~rift/N.well layer and a P•well layer. Minimum measured transistor . The st~e--oxide (SGO) is used in the LOMOS devices on this die. The use of SGO gate lengthlpiteh 

0.40 µm/0.86 µm 

allowS a reductio11 of on-resistance (Ron) compared with 1he conventional STI LOMOS [3J. Likely 0. 18 IJm process . The HSFET is arranged in a one-dimensional ( 10) array with a -4.0 11m draifl.to.drain pitch Process g-ration generation with relaxed feature 
and --0.66 !Jm total polysiricon gate length, while the LSFET is arranged with -3.4 µm dimensions 
dra,~to-<lrain pitch and -0.60 !Jm total polysilicon gate length in t<>lal. 

Feature -ured to determine Contacted gate pitc:h, use of CoSi . In the logic regioo, the minimum obsel'lled gate length is 0.40 µm on a 0.86 µm contacted proceN generation 
gate pitch. indicating the use of likely 0.18 µm prooe$S generation With relaxed feature 

contacts, STI isolation 

dlmenslOnS. Mulmum voltage [2) 18V 

Tech 
5 ,. mmn102022 T~ i1r1c. M ~ ,_we, 

Insights 

The MPS Accused Products meet this limitation. See above at Claim 2. 
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5. The 
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 a 
graded dopant. 

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

7. The 
semiconductor 
device of claim 
I , wherein the 
graded dopant is 
fabricated with 
an ion 
implantation 
process. 

8. The 
semiconductor 
device of claim 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 42 of 121 PagelD #: 181 
Exhibit A-2 to Greenthread's Complaint (U.S. Patent No. 10,734,481) 

- - --- -

The MPS Accused Products meet this limitation. As shown above, the sources and drains are n-doped and therefore the device is p-channel. The first and 
second active regions accordingly contains p-channel devices. See Tech Insights Report images reproduced above at Claim I, Element 2. 

The MPS Accused Products meet this limitation. The first active region and second active region haven-type dopant and contain p-channel devices in n­
wells. The wells have graded dopants. See Tech Insights Report images reproduced above at Claim I, Element 2 annotating "n-wells." 

Upon information and belief, the graded dopant is fabricated with an ion implantation process. For example, ion implantation is the prevalent process for 
implementing doping in semiconductor devices, and is believed to be used for the MPS's Accused Products. MPS's recent patent applications reference 
forming N regions and P regions by ion implantation. Information about the fabrication process for the MPS Accused Products, including usage of an ion 
implantation process, is in the possession of Defendant and is expected to be obtained through discovery. 

The MPS Accused Products meet this limitation. See above at Claim I, Elements 1-3. 
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I, wherein the 
first and second 
active regions are 
formed adjacent 
the first surface 
of the substrate. 

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

13.The 
semiconductor 
device of claim 
I , 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. 

15. The 
semiconductor 
device of claim 
I, wherein the 
device is a 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 43 of 121 PagelD #: 182 
Exhibit A-2 to Greenthread's Complaint (U.S. Patent No. 10,734,481) 

The MPS Accused Products meet this limitation. As shown by the images obtained by SPM/sMIM anlysis (see above at Claim I, Element 5), the MPS 
Accused Products show blocks of highly n-doped and p-doped wells. 

The MPS Accused Products meet this limitation. As discussed above for Claim I, the MPS Accused Products include first and second active regions. Upon 
information and belief, CMOS transistors are formed in the first and second active regions, the CMOS transistors requiring a source, a drain, a gate, and a 
channel region. Details regarding transistors used are in the possession of Defendant and are expected to be obtained through discovery. 

The MPS Accused Products meet this limitation. See above at Claim 3 (regarding epitaxy) and Claim 13 (regarding CMOS). 
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complementary 
metal oxide 
semiconductor 
(CMOS) with a 
nonepitaxial 
substrate. 

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

IC!aim 20, 
Preamble! A 
semiconductor 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 44 of 121 PagelD #: 183 
Exhibit A-2 to Greenthread's Complaint (U.S. Patent No. 10,734,481) 

Upon information and belief, the MPS's Accused Products comprise a logic device. For example, the image below displays a "control circuit" region. 

MP9502 Die Upper Corners 

• TIie sc11be lane measures -12 µm wide ell around the die. 

• The control circuit 1s st the top portion of the die. 
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J'ech 
Insights 

To the extent the preamble is a limitation, the MPS Accused Products include/comprise a semiconductor device. See above at Claim I, Preamble. 
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device, 
comprising: 

[Claim 20, 
Element IJ a 
substrate of a 
first doping type 
at a first doping 
level having first 
and second 
surfaces; 

!Claim 20, 
Element 2J 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 fonned in 
the surface 
thereof; 

!Claim 20, 
Element 3) a 
second active 
region separate 
from the first 
active region 
disposed 
adjacent to the 
first active region 
and within which 
transistors can be 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 45 of 121 PagelD #: 184 
Exhibit A-2 to Greenthread's Complaint (U.S. Patent No. 10,734,481) 

The MPS Accused Products meet this limitation. See above at Claim I , Element I . 

The MPS Accused Products meet this limitation. See above at Claim I, Element 2. Upon infonnation and belief, transistors can be formed in the surface of 
the first active region. Details regarding format ion of transistors are in the possession of Defendant and are expected to be obtained through discovery. 

The MPS Accused Products meet this limitation. Upon information and belief, transistors can be formed in the surface of the second active region. Details 
regarding formation of transistors are in the possession of Defendant and are expected to be obtained through discovery. 
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fonned 1n the 
surface thereof; 

!Claim 20, 
Element41 
transistors 
formed in at least 
one of the first 
active region or 
second active 
region; 

!Claim 20, 
Element 51 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 the 
substrate; and 

I Claim 20, 
Element 61 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 
movement from 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 46 of 121 PagelD #: 185 
Exhibit A-2 to Greenthread's Complaint (U.S. Patent No. 10,734,481) 

The MPS Accused Products meet this limitation. See above at Claim I, Element 4. 

The MPS Accused Products meet thlS limitation. See above at Claim I, Element 5. 

The MPS Accused Products meet this limitation. See above at Claim 6. 
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the first surface 
to the second 
surface of the 
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 ofa 
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 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 47 of 121 PagelD #: 186 
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The MPS Accused Products meet this limitation. See above at Claim I, Element 2. 

The MPS Accused Products meet this limitation. See above at Claim 3. 

The MPS Accused Products meet this limitation. See above at Claim 4. 

The MPS Accused Products meet this limitation. See above at Claim 5. 
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contain either p­
channel or n­
channel devices 
in n-wells or p­
wells, 
respectively, and 
each well has at 
least one graded 
dopant. 

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

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

31. The 
semiconductor 
device of claim 
20, wherein the 
graded dopant is 
fabricated with 
anion 

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 48 of 121 PagelD #: 187 
Exhibit A-2 to Greenthread's Complaint (U.S. Patent No. 10,734,481) 

The MPS Accused Products meet this limitation. See above at Claim 6. 

The MPS Accused Products meet this limitation. See above at Claim 9. 

The MPS Accused Products meet this limitation. See above at Claim 7. 
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implantation 
process. 

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

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

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 49 of 121 PagelD #: 188 
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The MPS Accused Products meet this limitation. See above at Claim 13. 

The MPS Accused Products meet this limitation. See above at Claim 17. 
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U.S. Patent No. 11,121,222 

(Claim I, Preamble( A VLSI 
semiconductor device, 
comprising: 

(Claim l, Element II a 
substrate of a first doping type at 
a first doping level having a 
surface; 

(Claim l, Element 21 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; 

!Claim I, Element 3) a second 
active region separate from the 
first active region disposed 
adjacent to the first active region 
and within which transistors can 
be formed; 

!Claim I, Element 41 transistors 
formed in at least one of the first 

Accused Products 

To the extent the preamble is a limitation, the MPS Accused Products include a VLSI semiconductor device. The MPS Semiconductor 86905 
Intelli-Phase Solution with integrated HS/LS-FETs and Driver ("86905" ) discussed for claim I of Exhibit A- I is a semiconductor device (see 
Exhibit A-1, Claim I, Preamble) with transistors, and is a VLSI semiconductor device upon information and belief. Details regarding transistor 
count are in the possession of the Defendant and are expected to be obtained through discovery. 

This chart includes exemplary information regarding a representative example of the MPS Accused Products, the MPS 86905. The MPS 86905 
is representative of the MPS Accused Products for purposes of this claim chart and the other infringement contention claim charts because upon 
information and belief, the other MPS Accused Products would have similarly been advantageously designed to move carriers (e.g., towards 
the substrate) and achieve the performance enhancements described and claimed in the '222 patent (and the other asserted patents). For 
example, the other MPS Accused Products would similarly have been designed with a dopant gradient in order to improve perfonnance 
characteristics such as on and off switching times and other performance enhancements described in the Abstract of the '222 patent (and the 
other asserted patents). Similarly, the other MPS Accused Products (including MPS Accused Products) would have been designed in a similar 
manner as the MPS 86905 for purposes of this claim chart because to achieve such performance enhancements ( e.g., on and off switching 
times). Therefore, upon information and belief the other MPS Accused Products contain similar features as the MPS 86905 transistors depicted 
here, and function in a similar way with respect to the features claimed in the asserted claims, and the other MPS Accused Products contain 
similar features as the MPS 86905, and function in a similar way with respect to the features claimed in the asserted claims. 

This claim chart is based on publicly available information, and additional information regarding these and other accused products is expected 
to be obtained through discovery. 

The MPS Accused Products meet this limitation. See Exhibit A-1, Claim 1, Element I. 

The MPS Accused Products meet this limitation. See Exhibit A-1 , Claim 1, Element 2. 

The MPS Accused Products meet this limitation. See Exhibit A-1, Claim I, Element 3. 

The MPS Accused Products meet this limitation. See Exhibit A-1 , Claim I, Element 4. 
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U.S. Patent No. 11,121,222 Accused Products 

active region or second active 
region; 

(Claim l, Element 51 at least a The MPS Accused Products meet this limitation. See Exhibit A-1, Claim I, Element 5. See SCM/sMIM analysis reproduced at Exhibit A-1, 
portion of at least one of the first Claim I, Element 5 electrically characterizing the accused product and showing carrier movement and electric fields. SCM/sMIM analysis 
and second active regions having generally is discussed at Exhibit A-1 , Claim I, Element 5. 
at least one graded dopant 
concentration to aid carrier 
movement from the first and 
second active regions towards an 
area of the substrate where there 
are no active regions; and 

I Claim 1, Element 61 at least The MPS Accused Products meet this limitation. See Exhibit A-2, Claim I, Element 6. Upon information and belief, at least some of the 
one well region adjacent to the transistors form digital logic of the VLSI semiconductor device. For example, transistors are commonly used to implement digital logic, e.g., 
first or second active region for controlling access to memory components/functionality. Details regarding transistors in the MPS Accused Products are in the possession of 
containing at least one graded the Defendant and are expected to be obtained through discovery. See also SCM/sMIM analysis reproduced at Exhibit A-1, Claim I, Element 
dopant region, the graded dopant 5 electrically characterizing the accused product and showing carrier movement and electric fields. SCM/sMIM analysis generally is discussed 
region to aid carrier movement at Exhibit A-1, Claim I, Element 5. 
from the surface towards the 
area of the substrate where there 
are no active regions, wherein at 
least some of the transistors 
form digital logic of the VLSI 
semiconductor device. 

3. The VLSI semiconductor The MPS Accused Products meet this limitation. See Exhibit A-1 , Claim 4. 
device of claim I, wherein the 
substrate has epitaxial silicon on 
top of a nonepitaxial substrate. 

4. The VLSI semiconductor The MPS Accused Products meet this limitation. See Exhibit A-1, Claim 5; Exhibit A-2, Claim 4. Upon information and belief, the first and 
device of claim I, wherein the second active regions contain digital logic as claimed. See above al Claim I , Element 6. 
first active region and second 
active region contain digital 
logic formed by one of either p-
channel and n-channel devices. 

5. The VLSI semiconductor The MPS Accused Products meet this limitation. See Exhibit A-I , Claim 6. 
device of claim I, wherein the 
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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 I , wherein the 

The MPS Accused Products meet this limitation. See Exhibit A-1, Claim 7. 

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 

The MPS Accused Products meet this limitation. See Exhibit A-1, Claim 8. 

graded dopant is fabricated with 
an ion implantation process. 

8. The VLSI semiconductor The MPS Accused Products meet this limitation. See Exhibit A-1, Claim 1, Elements 1-3. 
device of claim 1, wherein the 
first and second active regions 
are fonned adjacent the first 
surface of the substrate. 

9. The VLSI semiconductor 
device of claim 1, wherein 

The MPS Accused Products meet this limitation. See Exhibit A-2, Claim 9. 

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

13. The VLSI semiconductor The MPS Accused Products meet this limitation. See Exhibit A-2, Claim 13. Upon information and belief, the transistors which can be formed 
device of claim I, wherein the in the first and second active regions are CMOS digital logic transistors as claimed. See above at Claim I, Element 6. 
transistors which can be formed 
in the first and second active 
regions are CMOS digital logic 
transistors requiring at least a 
source, a drain, a gate and a 
channel. 
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15. The VLSI semiconductor The MPS Accused Products meet this limitation. See Exhibit A-2, Claim 15. 
device of claim I, wherein the 
device is a complementary metal 
oxide semiconductor (CMOS) 
with a nonepitaxial substrate. 

16. The VLSI semiconductor The MPS Accused Products meet this limitation. See Exhibit A-2, Claim 16. 
device of claim I, wherein the 
device is a flash memory. 

17. The VLSI semiconductor 
The MPS Accused Products meet this limitation. Upon information and belief, the semiconductor device comprises digital logic and capacitors. 

device of claim I, wherein the 
See above at Claim I, Element 6 (discussion regarding digital logic). Details regarding digital logic and capacitors in the MPS Accused Products 

device comprises digital logic 
are in the possession of the Defendant and are expected to be obtained through discovery. 

and capacitors. 

20. The VLSI semiconductor The MPS Accused Products meet this limitation. As shown by SEM imaging (see Exhibit A-1, Claim I, Elements 1-3 ), each of the first and 
device of claim I, wherein each second active regions are in the lateral or vertical direction. 
of the first and second active 
regions are in the lateral or 
vertical direction. 

!Claim 21, Preamble! A VLSI 
To the extent the preamble is a limitation, the MPS Accused Products include a semiconductor device. See above at Claim I, Preamble. 

semiconductor device, 
comprising: 

[Claim 21. Element 11 a 
The MPS Accused Products meet this limitation. See above at Claim I, Element I. 

substrate of a first doping type at 
a first doping level having a 
surface; 

!Claim 21. Element 21 a first 
The MPS Accused Products meet this limitation. See Exhibit A-1, Claim 9, Element 2. 

active region disposed adjacent 
the surface of the substrate with a 
second doping type opposite in 
conductivity to the first doping 
type and within which transistors 
can be fonned in the surface 
thereof; 

[Claim 21, Element 31 a second 
The MPS Accused Products meet this limitation. See Exhibit A-1, Claim 9, Element 3. 

active re~ion separate from the 
Page 4 
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first active region disposed 
adjacent to the first active region 
and within which transistors can 
be fonned in the surface thereof; 

!Claim 21, Element 41 The MPS Accused Products meet this limitation. See Exhibit A-1, Claim I, Element 4. 

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

(Claim 21, Element 51 at least a The MPS Accused Products meet this limitation. See above at Claim I, Element 5. See also SCM/sMIM analysis reproduced at Exhibit A-1 , 
Claim !, Element 5 electrically characterizing the accused product and showing carrier movement and electric fields. SCM/sMIM analysis portion ofat least one of the first 
generally is discussed at Exhibit A-1, Claim I, Element 5. 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 

(Claim 21, Element 6) at least The MPS Accused Products meet this limitation. See Exhibit A-2, Claim I, Element 6. As shown by SCM/sMIM analysis (see Exhibit A-1, 
Claim 1, Element I), the graded dopant concentration is linear, quasilinear, error function, complementary error function, or any combination one well region adjacent to the 
thereof. For example, the quasilinear nature of the concentration is shown in the SCM/sMIM graph discussed at Exhibit A-1, Claim I, Element first or second active region 
5. See also SCM/sMIM analysis reproduced at Exhibit A-1, Claim I, Element 5 electrically characterizing the accused product and showing containing at least one graded 
carrier movement and electric fields. SCM/sMIM analysis generally is discussed at Exhibit A-1, Claim I, Element 5. dopant region, the graded dopant 

region to aid carrier movement 
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 
function, complementary error 
function, or any combination 
thereof. 

24. The VLSI semiconductor The MPS Accused Products meet this limitation. See Exhibit A-1, Claim 4. 

device of claim 21, wherein the 
substrate has epitaxial silicon on 
top of a nonepitaxial substrate. 

25. The VLSI semiconductor The MPS Accused Products meet this limitation. See Exhibit A-1, Claim 5. 

device of claim 21, wherein the 
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first active region and second 
active region contain at least one 
of either p-channel and n-
channel devices. 

26. The VLSI semiconductor 
The MPS Accused Products meet this limitation. See Exhibit A-1, Claim 6. 

device of claim 21, 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. 

27. The VLSI semiconductor 
The MPS Accused Products meet this limitation. See Exhibit A-1, Claim 7. 

device of claim 21, wherein the 
first active region and second 
active region are each separated 
by at least one isolation region. 

28. The VLSI semiconductor 
The MPS Accused Products meet this limitation. See Exhibit A-2, Claim 9. 

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 n-
type. 

32. The VLSI semiconductor 
The MPS Accused Products meet this limitation. See Exhibit A-1, Claim 8. 

device of claim 21, wherein the 
graded dopant is fabricated with 
an ion implantation process. 

33. The VLSI semiconductor 
The MPS Accused Products meet this limitation. See Exhibit A-2, Claim 15. 

device of claim 21, wherein the 
substrate is a complementary 
metal oxide semiconductor 
(CMOS) device. 
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34. The VLSI semiconductor 
The MPS Accused Products meet this limitation. See Exhibit A-2, Claim 16. 

device of claim 21, wherein the 
device is a flash memory. 

(Claim 39, Preamble! A 
To the extent the preamble is a limitation, the MPS Accused Products include a semiconductor device. See Exhibit A-1, Claim I, Preamble. 

semiconductor device, 
comprising: 

!Claim 39, Element 11 a 
The MPS Accused Products meet this limitation. See Exhibit A-1 , Claim I, Element I . 

substrate of a first doping type at 
a first doping level; 

!Claim 39, Element 21 a first 
The MPS Accused Products meet this limitation. See Exhibit A-1 , Claim I, Element 2. 

active region disposed adjacent 
to a surface of the substrate with 
a second doping type opposite in 
conductivity to the first doping 
type and within which transistors 
can be formed; 

!Claim 39, Element 31 a second 
The MPS Accused Products meet this limitation. See Exhibit A-1, Claim 1, Element 3. 

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

!Claim 39, Element 41 The MPS Accused Products meet this limitation. See Exhibit A-1, Claim I, Element 4. 

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

!Claim 39, Element 51 at least a 
The MPS Accused Products meet this limitation. See Exhibit A-1, Claim 1, Element 5; see above at Claim 21 , Element 5. See also SCM/sMIM 
analysis reproduced at Exhibit A-1, Claim I, Element 5 electrically characterizing the accused product and showing carrier movement and electric 

portion of at least one of the first fields. SCM/sMIM analysis generally is discussed at Exhibit A-1 , Claim I, Element 5. 
and second active regions having 
at least one graded dopant 
concentration to aid carrier 
movement from the first or 
second active reeion to at least 
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one substrate area where there is 
no active region. 

40. The semiconductor device of 
The MPS Accused Products meet this limitation. See Exhibit A-2, Claim I, Element 6. See also SCM/sMIM analysis reproduced at Exhibit A-

claim 39 further comprising at I, Claim 1, Element 5 electrically characterizing the accused product and showing carrier movement and electric fields. SCM/sMIM analysis 

least one well region adjacent to 
generally is discussed at Exhibit A-1, Claim I, Element 5. 

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 is no well. 

!Claim 41, Preamble! A To the extent the preamble is a limitation, the MPS Accused Products include a semiconductor device. See above at Claim 39, Preamble. 

semiconductor device, 
comprising: 

!Claim 41, Element 11 a The MPS Accused Products meet this limitation. See Exhibit A-1, Claim I, Element I . 

substrate of a first doping type at 
a first doping level; 

!Claim 41, Element 21 a first 
The MPS Accused Products meet this limitation. See above at Claim 39, Element 2. 

active region disposed adjacent 
to a surface of the substrate with 
a second doping type opposite in 
conductivity to the first doping 
type and within which transistors 
can be formed; 

!Claim 41, Element 31 a The MPS Accused Products meet this limitation. See above at Claim 39, Element 3. 

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

(Claim 41, Element 4( 
The MPS Accused Products meet this limitation. See Exhibit A-1, Claim I, Element 4. 

transistors formed in at least one 
of the first active region or 
second active region; and 
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!Claim 41, Element 51 at least a 
The MPS Accused Products meet this limitation. See above at Claim I, Element 5. See also SCM/sMIM analysis reproduced at Exhibit A-1, 
Claim I, Element 5 electrically characterizing the accused product and showing carrier movement and electric fields. SCM/sMIM analysis 

portion of at least one of the first generally is discussed at Exhibit A-1 , Claim I, Element 5. 
and second active regions having 
at least one graded dopant 
acceptor concentration to aid 
carrier movement from the first 
or second active region to at 
least one substrate area where 
there is no active region. 

!Claim 42, Preamble) A 
To the extent the preamble is a limitation, the MPS Accused Products include a semiconductor device. See above at Claim 39, Preamble. 

semiconductor device, 
comprising: 

!Claim 42, Element IJ a 
The MPS Accused Products meet this limitation. See Exhibit A-1, Claim I , Element I. 

substrate of a first doping type at 
a first doping level; 

!Claim 42, Element 21 a first 
The MPS Accused Products meet this limitation. See above at Claim 39, Element 2. 

active region disposed adjacent 
to a surface of the substrate with 
a second doping type opposite in 
conductivity to the first doping 
type and within which transistors 
can be formed ; 

!Claim 42, Element 3) a 
The MPS Accused Products meet this limitation. See above at Claim 39, Element 3. 

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

fClaim 42, Element 41 
The MPS Accused Products meet this limitation. See Exhibit A-1 , Claim I, Element 4. 

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

!Claim 42, Element 51 at least a The MPS Accused Products meet this limitation. SCM/sMIM analysis (see Exhibit A- l, Claim I, Element 5) reveals at least one graded dopant 

portion of at least one of the first acceptor concentration (e.g., concentration in n-well) as claimed. See also SCM/sMIM analysis reproduced at Exhibit A- 1, Claim I, Element 5 

and second active regions having 
Page 9 
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at least one graded donor dopant electrically characterizing the accused product and showing carrier movement and electric fields. SCM/sMlM analysis generally is discussed at 
concentration to aid carrier Exhibit A-1, Claim I, Element 5. 
movement from the first or 
second active region to at least 
one substrate area where there is 
no active region. 

!Claim 44, Preamble! A 
To the extent the preamble is a limitation, the MPS Accused Products include a CMOS Semiconductor device. See Exhibit A- I, Claim I, 

CMOS Semiconductor device 
Preamble; Exhibit A-1, Claim 18. 

comprising: 

!Claim 44, Element 1 I: a 
The MPS Accused Products meet this limitation. See above at Claim 21, Element I. 

surface layer; 

!Claim 44, Element 21 a 
The MPS Accused Products meet this limitation. See above at Claim 44, Element I. 

substrate; 

!Claim 44, Element 31 an active 
The MPS Accused Products meet this limitation. See Exhibit A-1, Claim 1, Element 2 (discussion of active region); Exhibit A-1, Claim 18 

region including a source and a 
(discussion of source and drain). 

drain, disposed on one surface of 
the surface layer; 

[Claim 44, Element 41 a single 
The MPS Accused Products meet this limitation. See above at Claim 21, Element 5. 

drift layer disposed between the Upon information and belief, the drift layer has a first static unidirectional electric drift field to aid the movement of carriers from the surface 
other surface of the surface layer layerto an area of the substrate where there are no active regions as claimed, as a result of the above-discussed graded concentration of 
and the substrate, the drift layer dopants. Details regarding electric field characteristics are in the possession of the Defendant and are expected to be obtained through 
having a graded concentration of discovery. See also SCM/sMIM analysis reproduced at Exhibit A-1, Claim I, Element 5 electrically characterizing the accused product and 
dopants extending between the showing carrier movement and electric fields. SCM/sMIM analysis generally is discussed at Exhibit A-1, Claim I , Element 5. 
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 
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rclaim 44, Element 51 at least 
The MPS Accused Products meet this limitation. See above at Claim 21, Element 6. The well region (discussed above for Claim 21, Element 6) 

one well region disposed in the 
has a graded concentration of dopants. 

single drift layer, the well region Upon infonnation and belief, the well region is disposed in the single drift layer, and it has a second static unidirectional electric drift field to aid 
having a graded concentration of the movement of carriers from the surface layer to the area of the substrate where there are no active regions as claimed, as a result of the well 
dopants and a second static region's graded concentration of dopants. Details regarding electric field characteristics are in the possession of the Defendant and are expected 
unidirectional electric drift field to be obtained through discovery. See also SCM/sMIM analysis reproduced at Exhibit A-1, Claim l, Element S electrically characterizing the 
to aid the movement of carriers accused product and showing carrier movement and electric fields. SCM/sMIM analysis generally is discussed at Exhibit A-1, Claim l , Element 
from the surface layer to the area S. 
of the substrate where there are 
no active regions. 
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!Claim t, Preamble! A CMOS 
Semiconductor device comprising: 

!Claim 1, Element 11 a surface 
layer; 

!Claim 1, Element 21 a substrate; 

!Claim 1, Element 31 an active 
region including a source and a 
drain, disposed on one surface of 
said surface layer; 

!Claim 1, Element 41 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 
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 

Accused Products 

To the extent the preamble is a limitation, the MPS Accused Products include a CMOS semiconductor device. The MPS Semiconductor 
86905 lntelli-Phase Solution with integrated HS/LS-FETs and Driver ("86905") discussed for claim I of Exhibit A-3 is a semiconductor 
device (see Exhibit A-1, Claim I, Preamble and Exhibit A-3, Claim 44, Preamble) with transistors, and is a CMOS semiconductor device 
upon information and belief. 

This chart includes exemplary information regarding a representative example of the MPS Accused Products, the MPS 86905. The MPS 
86905 is representative of the MPS Accused Products for purposes of this claim chart and the other infringement contention claim charts 
because upon information and belief, the other MPS Accused Products would have similarly been advantageously designed to move 
carriers (e.g., towards the substrate) and achieve the performance enhancements described and claimed in the '195 patent (and the other 
asserted patents). For example, the other MPS Accused Products would similarly have been designed with a dopant gradient in order to 
improve performance characteristics such as on and off switching times and other performance enhancements described in the Abstract 
of the '195 patent (and the other asserted patents). Similarly, the other MPS Accused Products (including MPS Accused Products) would 
have been designed in a similar manner as the MPS 86905 for purposes of this claim chart because to achieve such performance 
enhancements (e.g., on and off switching times). Therefore, upon information and belief the other MPS Accused Products contain similar 
features as the MPS 86905 transistors depicted here, and function in a similar way with respect to the features claimed in the asserted 
claims, and the other MPS Accused Products contain similar features as the MPS 86905, and function in a similar way with respect to the 
features claimed in the asserted claims. 

This claim chart is based on publicly available infonnation, and additional information regarding these and other accused products is 
expected to be obtained through discovery. 

The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 44, Element I. 

The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 44, Element 2. 

The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 44, Element 3. 

The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 44, Element 4. Upon information and belief, the drift layer (see 
Exhibit A-3, Claim 44, Element 4) has a first static unidirectional electric drift field to aid the movement of minority carriers from the 
surface layer to the substrate, as claimed. Details regarding electric field characteristics are in the possession of the Defendant and are 
expected to be obtained through discovery. See also SCM/sMIM analysis reproduced at Exhibit A-1 Claim I Element 5 electrically 
characterizing the accused product and showing carrier movement and electric fields. SCM/SMIM analysis generally is discussed at 
Exhibit A-1, Claim I, Element 5. 
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carriers from said surface layer to 
said substrate; and 

(Claim I, Element 51 at least one 
The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 44, Element 5. Upon information and belief, the well region has 

well region disposed in said single 
a second static unidirectional electric drift field to aid the movement of minority carriers from the surface layer to the substrate, as claimed. 

drift layer, said well region having a 
Details regarding electric field characteristics are in the possession of the Defendant and are expected to be obtained through discovery. 

graded concentration of dopants and 
See also SCM/SMIM analysis reproduced at Exhibit A-I Claim I Element 5 electrically characterizing the accused product and showing 

a second static unidirectional 
carrier movement and electric fields. SCM/SMIM analysis generally is discussed at Exhibit A-1, Claim I, Element 5. 

electric drift field to aid the 
movement of minority carriers from 
said surface layer to said substrate. 

2. The CMOS Semiconductor 
The MPS Accused Products meet this limitation. Upon information and belief, the drift layer is a deeply-implanted layer. 

device of claim I, wherein the said 
drift layer is a deeply-implanted 
layer. 

3. The CMOS Semiconductor The MPS Accused Products meet this limitation. See Exhibit A-1 , Claim 4; Exhibit A-3, Claim 44, Element 4. Upon information and 
device of claim I , wherein said drift belief, the drift layer is grown above the substrate and is an epitaxial layer. 
layer is an epitaxial layer. 

5. The CMOS Semiconductor 
The MPS Accused Products meet this limitation. See Exhibit A-1, Claim I, Elements 1, 5. 

device of claim l , wherein said 
graded concentration follows a 
quasi-linear gradient. 

6. The CMOS Semiconductor 
The MPS Accused Products meet this limitation. See Exhibit A- 1, Claim I, Elements l , 5. 

device of claim I, wherein said 
graded concentration follows an 
exponential gradient. 
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I Claim 7, Preamble) A 
semiconductor device comprising: 

!Claim 7, Element 11 a surface 
layer; 

[Claim 7, Element 21 a substrate; 

I Claim 7, Element 31 an active 
region including a source and a 
drain, disposed on one surface of 
said surface layer; 

!Claim 7, Element 41 a single drift 
layer disposed between the other 
suriace 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 
carTiers from said surface layer to 
said substrate; 

Accused Products 

To the extent the preamble is a limitation, the MPS Accused Products include a semiconductor device. The MPS Semiconductor 86905 
lntelli-Phase Solution with integrated HS/LS-FETs and Driver ("86905") discussed for claim I of Exhibit A-I is a semiconductor device 
(see Exhibit A-I, Claim I, Preamble) with transistors, and is a semiconductor device upon information and belief. Details regarding 
transistor count are in the possession of the Defendant and are expected to be obtained through discovery. 

This chart includes exemplary information regarding a representative example of the MPS Accused Products, the MPS 86905. The MPS 
86905 is representative of the MPS Accused Products for purposes of this claim chart and the other infringement contention claim charts 
because upon information and belief, the other MPS Accused Products would have similarly been advantageously designed to move 
carriers (e.g., towards the substrate) and achieve the performance enhancements described and claimed in the '502 patent (and the other 
asserted patents). For example, the other MPS Accused Products would similarly have been designed with a dopant gradient in order to 
improve perfonnance characteristics such as on and off switching times and other performance enhancements described in the Abstract 
of the '502 patent (and the other asserted patents). Similarly, the other MPS Accused Products (including MPS Accused Products) would 
have been designed in a similar manner as the MPS 86905 for purposes of this claim chart because to achieve such performance 
enhancements (e.g., on and off switching times). Therefore, upon information and belief the other MPS Accused Products contain similar 
features as the MPS 86905 transistors depicted here, and function in a similar way with respect to the features claimed in the asserted 
claims, and the other MPS Accused Products contain similar features as the MPS 86905, and function in a similar way with respect to the 
features claimed in the asserted claims. 

This claim chart is based on publicly available information, and additional information regarding these and other accused products is 
expected to be obtained through discovery. 

The MPS Accused Products meet this limitation. See Exhibit A-4, Claim l~lement 1. 

The MPS Accused Products meet this limitation. See Exhibit A-4, Claim I, Element 2. 

The MPS Accused Products meet this limitation. See Exhibit A-4, Claim I, Element 3. 

The MPS Accused Products meet this limitation. See Exhibit-A-4, Claim I, Element 4: The graded concentration of dopants observed 
via SCM/sMIM analysis (see Exhibit A-1 , Claim I, Elements I, 5) generates a first static unidirectional electric drift field to aid the 
movement of minority carriers, as claimed. See also SCM/sMIM analysis reproduced at Exhibit A-1, Claim I, Element 5 electrically 
characterizing the accused product and showing carrier movement and electric fields. SCM/sMIM analysis generally is discussed at 
Exhibit A-1 , Claim I, Element 5. 
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!Claim 7, Element 51 and at least 
The MPS Accused Products meet this limitation. See Exhibit A-4, Claim I, Element 5. See also SCM/sMlM analysis reproduced at 
Exhibit A-1, Claim 1, Element 5 electrically characterizing the accused product and showing carrier movement and electric fields. 

one well region disposed in said SCM/sMIM analysis generally is discussed at Exhibit A-1, Claim I, Element 5. 
single drift layer, said well region 
having a graded concentration of 
dopants generating a second static 
unidirectional electric drift field to 
aid the movement of minority 
carriers from said surface layer to 
said substrate. 

8. The semiconductor device of 
The MPS Accused Products meet this limitation. Upon information and belief, the first and second static unidirectional electric fields 

claim 7 wherein said first and 
are adapted to respective grading of dopants to aid movements of carriers in respective active regions. Details regarding the electric 

second static unidirectional electric 
fields and active regions are in the possession of the Defendant and are expected to be obtained through discovery. See also SCM/sMIM 

fields are adapted to respective 
analysis reproduced at Exhibit A-1, Claim I, Element 5 electrically characterizing the accused product and showing carrier movement 

grading of dopants to aid 
and electric fields. SCM/sMIM analysis generally is discussed at Exhibit A-I, Claim 1, Element 5. 

movements of carriers in respective 
active regions. 
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(Claim 1, Preamblef An electronic To the extent the preamble is a limitation, the MPS Accused Products include an electronic system. See Exhibit A-1, Claim I, Preamble; 
system, the system comprising: 

Exhibit A-4, Claim I, Preamble. Each MPS Accused Product is an electronic system. 

This chart includes exemplary information regarding a representative example of the MPS Accused Products, the MPS 86905. The MPS 
86905 is representative of the MPS Accused Products for purposes of this claim chart and the other infringement contention claim charts 
because upon information and belief, the other MPS Accused Products would have similarly been advantageously designed to move 
carriers ( e.g., towards the substrate) and achieve the performance enhancements described and claimed in the '0 14 patent ( and the other 
asserted patents). for example, the other MPS Accused Products would similarly have been designed with a dopant gradient in order to 
improve performance characteristics such as on and off switching times and other perfonnance enhancements described in the Abstract 
of the '0 14 patent (and the other asserted patents). Similarly, the other MPS Accused Products (including MPS Accused Products) would 
have been designed in a similar manner as the MPS 86905 for purposes of this claim chart because to achieve such performance 
enhancements ( e.g., on and off switching times). Therefore, upon information and belief the other MPS Accused Products contain similar 
features as the MPS 86905 transistors depicted here, and function in a similar way with respect to the features claimed in the asserted 
claims, and the other MPS Accused Products contain similar features as the MPS 86905, and function in a similar way with respect to the 
features claimed in the asserted claims. 

This claim chart is based on publicly available information, and additional information regarding these and other accused products is 
expected to be obtained through discovery. 

(Claim l, Element laf at least one 
The MPS Accused Products meet this limitation. See Exhibit A-1, Claim I, Preamble. semiconductor device, the at least 

one semiconductor device including: 
(Claim I, Element I bl a substrate 

The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 1, Element I. of a first doping type at a first 
dooim? level havine; a surface; 
!Claim I, Element lei a first active 

The MPS Accused Products meet this limitation. See Exhibit A-3, Claim I, Element 2; Exhibit A-1, Claim 9, Element 2. 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; 
fClaim 1, Element ldl a second The MPS Accused Products meet this limitation. See Exhibit A-3, Claim I, Element 3; Exhibit A-1, Claim 9, Element 3. active region separate from the first 
active region disposed adjacent to 
the first active region and within 
which transistors can be formed; 
(Claim t, Element le( transistors 

The MPS Accused Products meet this limitation. See Exhibit A-3, Claim I, Element 4. formed in at least one of the first 
active region or second active 
region; 
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!Claim I, Element lf1 at least a The MPS Accused Products meet this limitation. See Exhibit A-3, Claim I, Element 5. See also SCM/sMIM analysis reproduced at portion of at least one of the first 
and second active regions having Exhibit A-1, Claim I, Element 5 electrically characterizing the accused product and showing carrier movement and electric fields. 

at least one graded dopant SCM/sMIM analysis generally is discussed at Exhibit A-1, Claim I, Element 5. 

concentration to aid carrier 
movement from the first and second 
active regions towards an area of the 
substrate where there are no active 
ree:ions; and 
!Claim 1, Element lgl at least one 

The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 1, Element 6; Exhibit A-3, Claim 21, Element See also well region adjacent to the first or 
SCM/sMIM analysis reproduced at Exhibit A-1, Claim I, Element 5 electrically characterizing the accused product and showing carrier second active region containing at 
movement and electric fields. SCM/sMIM analysis generally is discussed at Exhibit A-1, Claim I, Element 5. 

least one graded dopant region, the 
graded dopant region to aid carrier 
movement from the surface towards 
the area of the substrate where there 
are no active regions, wherein at 
least some of the transistors form 
digital logic of the semiconductor 
device. 
3. The system of Claim 1, wherein 

The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 3. the substrate of the at least one 
semiconductor device has epitaxial 
silicon on top of a nonepitaxial 
substrate. 
4. The system of Claim 1, wherein 

The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 4. 
the first active region and second 
active region of the at least one 
semiconductor device contain digital 
logic fonned by one of either p· 
channel and n-channel devices. 
5. The system of Claim I, wherein 

The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 5. 
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 one graded dopant. 
6. The system of Claim I, wherein 

The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 6. the first active region and second 
active region of the at least one 
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semiconductor device are each 
separated by at least one isolation 
reeion. 
7. The system of Claim I, wherein 

The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 7. the graded dopant is fabricated with 
an ion imolantation orocess. 
8. The system of Claim I, wherein 

The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 8. 
the first and second active regions of 
the at least one semiconductor 
device are fonned adjacent the first 
surface of the substrate of 
the at least one semiconductor 
device. 
9. The system of Claim I, wherein 

The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 9. 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 o-tvoe or n-tvoe. 
13. The system of claim I, wherein 

The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 13. the transistors which can be formed 
in the first and second active regions 
of the at least one semiconductor 
device are CMOS digital logic 
transistors requiring at least a 
source, a drain, a t?ate and a channel. 
15. The system of Claim 1, wherein 

The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 15. the at least one semiconductor 
device is a complementary metal 
oxide semiconductor (CMOS) with 
a noneoitaxial substrate. 
16. The system of Claim I, wherein 

The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 16. 
the at least one semiconductor 
device is a flash memorv. 
17. The system of Claim I, wherein 

The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 17. the at least one semiconductor 
device comprises digital logic and 
caDacitors. 
20. The system of Claim I, wherein 

The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 20. each of the first and second active 
reeions of the at least one 
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semiconductor device are in the 
lateral or vertical direction. 
[Claim 21, Preamble! An To the extent the preamble is a limitation, the MPS Accused Products include an electronic system. See above at Claim I, Preamble. 
electronic system, the system 
comprising: 
!Claim 21, Element la) at least one The MPS Accused Products meet this limitation. See above at Claim 1, Element la. 
semiconductor device, the at least 
one semiconductor device includine: 
!Claim 21, Element lbl a substrate The MPS Accused Products meet this limitation. See above at Claim I, Element I b. 
of a first doping type at a first 
doping level having a surface; 
!Claim 21, Element le) a first The MPS Accused Products meet this limitation. See above at Claim I, Element I c; Exhibit A-1, Claim 9, Element 2. 
active region disposed adjacent the 
surface of the substrate with a 
second doping type opposite in 
conductivity to the first doping type 
and within which transistors can be 
fonned in the surface thereof; 
!Claim 21, Element td) a second The MPS Accused Products meet this limitation. See above at Claim I, Element ld; Exhibit A-1, Claim 9, Element 3. 
active region separate from the first 
active region disposed adjacent to 
the first active region and within 
which transistors can be fonned in 
the surface thereof; 
jClaim 21, Element 1el transistors The MPS Accused Products meet this limitation. See above at Claim I, Element I e. 
formed in at least one of the first 
active region or second active 
ree:ion; 
!Claim 21, Element lfl at least a The MPS Accused Products meet this limitation. See above at Claim I, Element If; Exhibit A• I , Claim 9, Element 5. See also 
portion of at least one of the first SCM/sMIM analysis reproduced at Exhibit A-1, Claim I, Element 5 electrically characterizing the accused product and showing carrier 
and second active regions having at movement and electric fields. SCM/sMIM analysis generally is discussed at Exhibit A-1, Claim 1, Element 5. 
least one graded dopant 
concentration to aid carrier 
movement from the surface to an 
area of the substrate where there are 
no active reeions; and 
!Claim 21, Element lgl at least one The MPS Accused Products meet this limitation. See above at Claim I, Element lg; Exhibit A-3, Claim 21, Element 6. See afso 
well region adjacent to the first or SCM/sMIM analysis reproduced at Exhibit A-1, Claim I, Element 5 electrically characterizing the accused product and showing carrier 
second active region containing at movement and electric fields. SCM/sMIM analysis generally is discussed at Exhibit A-1, Claim I, Element 5. 
least one graded dopant region, the 
graded dopant region to aid carrier 
thereof movement from the surface 
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to the area of the substrate where 
there are no active regions, and 
wherein the graded dopant 
concentration is linear, quasilinear, 
error function, complementary error 
function, or any combination 
thereof. 
23. The system of Claim 21, The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 23. 
wherein the substrate of the at least 
one semiconductor device is a p-
type substrate. 
24. The system of Claim 21, The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 24. 
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, The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 25. 
wherein the first active region and 
second active region of the at least 
one semiconductor device contain at 
least one of e ither p-channel and n-
channel devices. 
26. The system of Claim 21, The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 26. 
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 one ~raded dopant. 
27. The system of Claim 21, The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 27. 
wherein the first active region and 
second active region of the at least 
one semiconductor device are each 
separated by at least one isolation 
ree.ion. 
28. The system of Claim 21, The MPS Accused Products meet this limitation. See Exhibit A-3, Claim 28. 
wherein dopants of the graded 
dopant concentration in the first 
active region or the second active 
region of the at least one 
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semiconductor device are either p-
type or n-tvoe. 
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Overview 

This a Power Essentials (PEF) summary document, provided as a companion deliverable for Power Essentials projects. The complete PEF deliverable includes 
this document, which provides a summary of observed device metrics and salient features, the summary is supported by the following unannotated image folders: 

• Package optical photographs, package X-ray images, die photographs, optical photos of die feature image set 

• Plan-view images of the device delayered to the gate level 

• Exploratory cross-sectional scanning electron microscope (SEM) images of the device structure 

• Detailed cross-sectional scanning capacitance microscopy (SCM) and scanning microwave impedance microscopy (sMIM-C) analysis of the dopant 
structures 

• Detailed cross-sectional transmission electron microscope (TEM) images of the power device structure 

• Metal and dielectric layer composition identification based on TEM-EDS results 

The image set for a standard PEF project is derived from a beveled sample for SEM planar analysis, one plane of cross-sectioning for SEM structural analysis, a 
single TEM sample for the detailed structural analysis, and planar and cross-sectional SCM and sMIM analysis. Value added information, such as additional planes 
of cross-sectioning, may be included on a case-by-case basis. 

The Power Essentials deliverable provides basic competitive benchmarking information and enables cost-effective tracking of multiple competitors' technology. 
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Company Profile 

• Monolithic Power Systems (MPS) is a global analog semiconductor company 
founded in 1997 by Michael Hsing and headquartered in Kirkland. 
Washington, U.S. The company provides semiconductor-based power 
electronics circuit for systems found in cloud computing, telecom 
infrastructures, automotive, industrial applications and consumer applications 
[1 ]. As of the end of December 2021, MPS reported an annual sales figure of 
$1.21 billion and had 2,209 employees in 2020. 
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Device Summary 

• This report presents a Power Essentials analysis of the MPS MP86905 silicon (Si)-based 
power management IC (PMIC). The MP86905 is a monolithic half-bridge with built-in 
internal power MOSFETs and gate drivers and is ideally suited for multi-phase buck 
regulators. It offers 50 A continuous output current over a wide 4.5 V to 16 V operating 
input range [2]. 

• The MP86905 comprises a single die with MP9502 die markings, which are encapsulated 
in a 23-pin flip-chip quad-flat-no-lead (FC-QFN) package with likely copper (Cu) bumping 
directly to the leadframe. 

• The MP9502 die substrate is -155 µm thick including the upper epitaxy layer and uses 
Bipolar-CMOS-DMOS (BCD) technology. It features a single layer of polysilicon in the 
analyzed regions, three aluminum (Al) metal layers, tungsten (W) contacts and vias, cobalt 
silicide (CoSi) at the source, drain, and polysilicon contact regions. The pre-metal dielectric 
(PMD) uses silicon oxide (SiO) layers, while the inter-metal dielectric (IMO) layers uses 
oxide as well. Isolation structures include shallow trench isolation ($Tl) in the logic region. 

• One group of high side MOSFET (HSFET) array and two groups of low side MOSFET 
(LSFET) array are used on the die. The structure and dopants of the HS/LS FET arrays are 
analyzed. Dopant analysis in the HS/LS FET array region shows the use of a P-type 
substrate, an N-type buried layer (NBL), a N-drift/N-well layer and a P-well layer. 

• The stepped-gate-oxide (SGO) is used in the LDMOS devices on this die. The use of SGO 
allows a reduction of on-resistance (Ron) compared with the conventional STI LDMOS [3]. 

• The HSFET is arranged in a one-dimensional (1 D) array with a -4.0 µm drain-to-drain pitch 
and -0.66 µm total polysilicon gate length, while the LSFET is arranged with ~3.4 µm 
drain-to-drain pitch and -0.60 µm total polysilicon gate length in total. 

• In the logic region, the minimum observed gate length is 0.40 µm on a 0.86 µm contacted 
gate pitch, indicating the use of likely 0.18 µm process generation with relaxed feature 
dimensions. 

5 A.II content© 2022 Tech!ns1gh1s inc All ngh1s reseNed 

Manufacturer 

Part number 

Foundry 

Type 

Date code 

Package type 

Package markings 

Package dimensions 

Die markings 

Die size (whole die) 

Die size (edge seal) 

Minimum measured transistor 
gate length/pitch 

Process generation 

Feature measured to detennine 
process generation 

Maximum voltage [2] 

Monolithic Power Systems 

MP86905 

Unknown 

PMIC 

H39 (week 39 of 2017) 

23-pin FC-QFN 

MPSH39 
M86905 
54U403 

3.97 mm x 3.97 mm x 0.88 mm 
(thick) 

MP9502 2013 
<MPS logo> 

3.38 mm x 3.14 mm {10.61 mm2) 

3.36 mm x 3.12 mm (10.48 mm2) 

0.40 µm/0.86 µm 

Likely 0.18 µm process 
generation with relaxed feature 
dimensions 

Contacted gate pitch, use of CoSi 

contacts, STI isolation 

18 V 
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Observed Critical Dimensions - CMOS/LDMOS 

Feature Material Composition 

Cell pitch -
Channel length -
Polysilicon thickness Si 

Polysilicon width Si 

Gate dielectric thickness SiO 

SWSwidths SiO/SiN 

CESL thickness SiN 

Feature Material Composition Dimension (JJm) Gate and contact silicide depth CoSi 

Gate length Polysilicon 0.40 SGO thickness SiO 

Contacted gate pitch - 0.86 W SID depth -
SWSwidths SiO/SiN 15 nm/70 nm N-well/N-drift depth -
Polysilicon thickness Si 0.18 P-well depth -
STI depth SiO 0.36 P-body depth -

CMOS Output Channel LDMOS 

6 40 content &, 2022 TechJns,.gh1s Inc AU nghts reserved 

Dimension (1,1m) 

4.013.4 (HSfLS) 

-0.17 

0.18 

0.66/0.60 {HS/LS) 

8.5nm 

15 nm/70 nm 

33nm 

.s 30 nm 

40nm 

0.20 

1.2 

2.1 

1.3 
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Observed Critical Dimensions - Metals/Dielectrics 

Layer Material Composition Thickness (µm) 

Passivation SiN/SiO 0.75/0.80 

IMD2 SiO 1.40 (planarized) 

IMO 1 SiO 1 .40 (planarized) 

PMD (PMD 2, PMD 1) SiO 0.40/0.20 (planarized) 

M3 TiN/AlffiN 0.06/0.84/0.05 

M2 TiN/AVTiN 0.06/0.45/0.05 

M1 TiN/AI/TiN 0.06/0.45/0.05 

Die (total) - 161 
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MP86905 Package Photographs 

• Package markings include: MPSH39 
M86905 
54U403 

8 

MP86905GR-P _Pkg_ Top_394747 png 

Package - Top 

All contElnt O 2022 Tech1ns1gh1s inc Alf nghts rese,ved 

• 23-pin FC-OFN page dimensions: 3.97 mm x 3.97 mm x 0.88 mm (thick) 

• Detailed pin descriptions are presented on the next two pages. 

MP86905GR-P Pkg_B01_394747 png 

Package - Bottom 
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MP86905 Package X-Rays 

• Detailed pin descriptions are presented on the next page. 
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PG.ND 

MPBG~OSGR-P _xrayTop_394747 png MP86905GR-P _XrayS,deB_394747 png 

MPB690SGR-P _XrayS,deA~394747 png 

Package X~Rays 
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MP86905 Block Diagram with Pin Descriptions 

10 

VDD 

~ 
VIN 

I 
~ 

\/ORV 

I/OD 

;~ ConbOI 
Logic 

AGND 

fAlJI.T# VTEMP cs 

(WI 

PGND 

VIN 
SW 

SW 
PGNO 

Block Diagram (2) 
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1/DRV BST VIN 

SW 

PGND 

Pini Namo 

1 BST 

2, 14 VIN 

3,4 SW 
5-13 PGND 

15 PII\IM 

16 EN 
17 cs 
18 VTEMP 
19 SYNC 

20 \/DO 

21 AGND 

22 VORV 

23 FAULT# 

Deserlptlon 

Bootatrap. BST requires a 0.11,F to 11,F capacitor to drive the high-side power 
switch'9 gale above lhe supply voltage. Connect the capacitor between BST and 
SW to form a floaUng supply aaoss Iha power switch driver. 

Supply voltage. Plai::e CIN ciOSB lo the device lo support the switching current and 
reduoe voltage spikes al input. 

Phase node. 
Power ground. 
Pulse wldlll modufatlon Input. Leave PWM floating or drive PWM lo mid-stale to 
en1er diode emulation mode. 
Enable. Pull EN low lo disable the device and place SW In a high Impedance state. 
Cumtnt sen,;e output. 

Junc:tlon temperature sense output. 

Diode emulation mode. Pull SYNC low to enable diode emulallon mode. 
Internal circuitry voltage. Connect VOD to VDRV through a 2.20 resister and 
decouple with a 1 II' capacitor lo AGND. 

Analog ground. Connect AGND lo PGNO on the VOD capacitor. 

Driver voltage. Conned VDRV IO a 3.3V supply and decouple wtth a 11,F 10 4. 7 II' 
oeramic capacitor close to \/ORV to PGNO. 

Fault report. FAULT# Is an open drain. active low. FAULT# pulls low wflen SW 
short detecllon, HS CiUrrent llmlt, or over-temperature b triggered. During a cyde-by-
cycle high-side current limit event, FAULT# Is kep1 high until the fourth cycte. 

Pin Function Descriptions [2] 
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MP9502 Die Photograph and Die Markings 

• Die size: 3.38 mm x 3.14 mm (10.61 mm2) (whole die) 
3.36 mm >< 3.12 mm (10.48 mm2) (edge seal) 

• The die SEM and SCM/sMIM-C cross-section line (A-A), TEM cross-section region, and an additional SEM cross-section line (B-B) are annotated. 

11 

M86908_MP9502_345783_O11entecJ png 

Die Photograph 
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M86908_MP9502_3457e3_01eMrk png 

Die Markings 
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MP9502 Die Upper Corners 

• The scribe lane measures ~12 µm wide all around the die. 

• The control circuit is at the top portion of the die. 

M86908_MP9502_34 5 783 _D,eCornerA pr,g M86908_MP9502_345783 D,eCornerB png 
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MP9502 Die Lower Corners 

• The scribe lane measures ~12 µm wide all around the die. 

• The low side MOSFET (LSFET) array and PRE-ORV 3 are at the bottom portion of the die. 

M66908_MP9502_345i83_DreComerD png M86908_MP9502_345783_O,eCornerC png 
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MP9502 MOSFET Die RDL Contacts 

• Source/drain (S/0) groups of passivation openings are shown with the removed redistribution layer (RDL) contacts which are made through passivation 
openings. 

• S/0 groups of passivation openings have a spacing of 33 µm on a 200 µm pitch in the horizontal direction. 

• S/D passivation openings have been placed horizontally with vertically minimal 7.8 µm spacing and 3.4 µm wide window. 

M86908_MP9502_345763_BondPads png 
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MP9502 Die Photograph at the Gate Layer 

• The die was deprocessed to the polysilicon gate level. 

• The die utilization is characterized in the table on the right. 
Functional Description 

Length 
(mm) 

HSFET (High-side FET connected between 
0.70 VIN and SW pins) 

LSFET (Low-side FET connected between SW 
1.53 

and PGND pins) 

PRE-DRV1 (Likely pre-drivers to the HSFET or 0.08 
LSFET) 

- ... ... , .... -. '• ·•· ...------------- PRE-ORV2 (Likely pre-<lrivers to the HSFET or 0.12 
LSFET) 

PRE-DRV3 (Likely pre-drivers to the LSFET) 0.11 

BST-VDRV FET (Likely a smaller version of 
FET connected between the BST pin and 

0.08 VDRV pin, this FET can also be used for 
temperature detection) 

COTROL CIRCUIT (This analog control block 
consists of several analog circuits including, 
under-voltage lockout detection, over-
temperature detection. over-voltage sensing 0.46 
and over-current sensing, bandgap, bias 
generator, current limiter and driving circuitry 
that drives the pre-drivers) 

Total die utilization 

Others (including capacitors that are not related 
to the circuit mentioned above and including 
small FETs on the right that looks like 
temperature detectors) 

Total die 3.12 
MP86905GR-P _MP9502_394865_8Poly B!oci..s png 
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Width 
(mm) 

3.10 

3.10 

3.18 

3.12 

3.12 

0.70 

3.33 

-

3.36 

Area Percentage 
(mm2) of Die(%) 

2.18 20.8 

4.73 45.1 

0.25 2.4 

0.39 3.7 

0.35 3.3 

0.05 0.5 

1.52 14.5 
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General Structure Cross-Sectional Analysis 
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MP9502 Die Structural Overview 

• The Si die substrate is --155 µm thick including the upper epitaxy layer and ~161 µm thick in total. 

• The die comprises three Al metallization layers with W vias and contacts. 

• The crack stop at the die edge extends through the passivation into IMO 2. 

• Both IMD 2 and IMO 1 are ~1 .40 µm thick in the SEM sample. 
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MP9502 Die Contact and Vias 

• Wide via is formed with a conformal upper metal layer formed over the via trench lined with the via metallization, such as via 1 and via 2. 

General Structllre _ 43_401184 png General Structure_ 42_401184 png 

Wide Contact and Vias - SEM Cross-Section B-B Wide Via 2 - SEM Cross-Section B-B 
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MP9502 Die Passivation, Metal 3, and IMO 2 

• The passivation comprises an ~0.80 µm thick SiO and an ~0.75 µm thick SiN. 

• Metal 3 comprises of an -0.84 µm thick Al layer, with an ~0.05 µm thick bottom TiN liner, and ~0.06 µm thick top TiN liner. 

• The IMO 2 layer comprises of an ~1 .4 µm thick oxide. 
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MP9502 Die Metal 2 and IMD 1 
• Metal 2 comprises of an ~0.45 µm thick Al layer, with an ~0.05 µm thick bottom TiN liner and -0.06 µm thick top TiN liner. 

• The IMO 1 layer comprises of an ~1 .40 µm thick oxide. 

• The vias and contacts comprise W and have a TiN liner. The vias partially penetrate into the top TiN liner of the metal layer below. 

20220329 1544 11000 x_ 400282 png General Structure_ 42_ 400973 png 

Metal 2 and IMO 1 - TEM Cross-Section Metal 2 and IMD 1 - SEM Cross-Section A-A 
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MP9502 Die Metal 1 and FEOL Structures 

• Metal 1 comprises an ~0.06 µm thick top TtN liner, an ~0.45 µm thick Al layer, and bottom liners comprising ~0.05 µm thick TiN layers. 

• The PMD comprises an ~0.4 µm thick oxide PMO 2 layer and an ~0.2 µm thick oxide PMD 1 layer. 

• The S/0 contact is ~0.16 µm wide at the bottom. The source, drain, and polysilicon contact regions use an ~30 nm thick CoSi layer. 

• The gate polysilicon layer is ~180 nm thick, including ~30 nm thick CoSi layer. 

• The sidewall spacer (SWS) comprises a 15 nm L-shaped SiO layer, a 70 nm 0-shaped SiN layer. 
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Metal 1 and PMD - TEM Cross-Section HS/LS FET Gate SWS - TEM Cross-Section 
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MP9502 Die Isolation Structures 

• The MP9502 die employs SiO shallow trench isolation (STI) structures with -0.36 µm depth as isolation between periphery circuit and HS/LS FET array. 
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Periphery and Control Circuitry 
Device Analysis 
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MP9502 Die Logic Transistors 

• A minimum transistor gate length of 0.40 µm is observed in the logic transistors, the minimum observed contacted gate pitch is ~0.86 µm, and CoSi is used as 
gate silicide. These measurements are indicative of a likely relaxed 0.18 µm process. 
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MP9502 Die Periphery Devices 

• Observed periphery devices observed include BJTs (not analyzed). polysilicon resistors, and polysilicon MOS capacitors. 

• Examples of polysilicon resistors and capacitors observed are shown below. 

General Structure_20_ 401184 png 

Polysilicon Resistors - SEM Cross-Section B-B 
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Polysilicon Capacitors - SEM Cross-Section B-B 
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HS/LS FET Planar Analysis 
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MP9502 Die HS/LS FET Array Overview 

• One high side (HS) power MOSFET array and two low side (LS) power MOSFET arrays are arranged at the lower portion of the die. 

WU 

Bevel Area_02_ 400974_5Y1r.png Bevel Sect1on_01 400974 png 

HS/LS FET Arrays - Optical Bevel HS/LS FET Arrays - SEM Bevel 
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MP9502 Die LSFET Array 

• The LSFET arrays measure ~100 µm pitch in the width direction, with a cell (drain-to-drain) pitch of ~3.4 µmin the LSFET array. 

• Two groups of LSFET arrays are spaced ~56 µm apart vertically. 

Gate Array _Interconnect_ 1 K _26_ 400974 png Gate Array_Poly_SK_oe_ 400974 png 

LSFET Array - SEM Plan View at the Gate Level LS FET - SEM Plan View at the Gate Level 
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MP9502 Die HSFET Array Edge - P- and N-Type Regions 

• Note: SCM imaging (left) is sensitive to dopant type, with N-type material giving a negative (yellow) response and P-type material giving a positive (blue) 
response. sMIM imaging (right) is sensitive to the dopant concentration level, with greater signal (brighter) corresponding to a higher dopant level, regardless of 
conductivity type. 

• At the bottom edge of the HSFET array, a narrow N-welt in the P-type isolation region is observed. 
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MP9502 Die LSFET Array - Polysilicon Level 
• SEM bevel images below show the center region of the LSFET array at the polysilicon level. 

• The cell (drain-to-drain) pitch measures ~3.4 µm, and the drain-to-source pitch measures ~1. 7 µm in the LSFET array. 

Gate Array_Poly_ 10K_ 47 _ 400974 png 

LSFET Array - SEM Bevel at the Gate Level 
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MP9502 Die LS FET Array - Metal 1 and Metal 2 Levels 

• SEM bevel images below show the center region of the LSFET array at the metal 1 (M1) and metal 2 (M2) level. 

• The M1 strips in the LSFET array area measure 1.0 µm w~h a 1.7 µm pitch, M2 strips measure 1.5 µm with a 3.1 µm pitch. 

• The M1 and M2 strips are placed orthogonally with multiple rows and columns as the case of SID vias 1 and 2. 

Gate Array_M1 5K_ 13_ 400974 png Gate Array_M2_5K_ 1 a_ 400974 png 

LSFET Array - SEM Bevel at the M1 Level LSFET Array - SEM Bevel at the M2 Level 
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MP9502 Die LS FET Array - P- and N-Type Regions 

• Strip doping regions can be seen along the length of the array. The N-type source region is only visible at the center-right side due to the bevel angle. It is more 
apparent in the cross-sectional analysis on page 38. 
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HS/LS FET Cross-Sectional Analysis 
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MP9502 Die HSFET Array Edge 

• SEM cross-sections of the bottom edge of the HSFET array are shown. On the top side, a starting source contact is followed by a 5.1 µm wide STI. 

• SID passivation openings have a 3.4 µm wide window. 

General Structllre_28_ 400973 png 

Top Edge of a HSFET Array - SEM Cross-Section A-A 
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MP9502 Die HSFET Array Edge - P- and N-Type Regions 

• SCM and sMIM-C analysis at the top edge region of HSFET array show the use of a P-type substrate, N-type buried layer (NBL), a P-well layer. likely epitaxial, 
and a P-well/P-type contact region between the output arrays. 
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MP9502 Die HSFET Array 
• The stepped-gate-oxide (SGO) are fabricated on this die. The use of SGO allows a reduction of on-resistance (Ron) compared with the conventional STI LDMOS 

[3). 

• In the HSFET array, the cell {drain-to-drain) pitch measures ~4.0 µm, the gate to drain contact center spacing is -0.93 µm, the gate to source/body contact center 
spacing is -0.41 µm, the total polysilicon gate length is -0.66 µm. 

• In the HSFET array, there are two sets of polysilicon gate length combinations, one is ~0.40 µm physical channel length and ~0.26 µm extended portion over the 
SGO, another is ~0.48 µm physical channel length and -0.18 µm extended portion over the SGO. 
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HSFET Array - SEM Cross-Section A-A 
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HSFET Array - SEM Cross-Section A-A 
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MP9502 Die HSFET Array 

• In the HSFET array, the gate polysilicon strip measures ~0.66 µm, including the physical channel length of ~0.40 µm and the extended portion over the SGO in 
the analyzed region. 

• The gate polysilicon is nominally ~180 nm thick, including the cobalt silicide (CoSi) layer. 

Trans,stors_22_ 400973 png 

HSFET Array - SEM Cross-Section A-A 
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MP9502 Die LSFET Array 

• The stepped-gate-oxide (SGO) are fabricated on this die. The use of SGO allows a reduction of on-resistance (Ron) compared with the conventional STI 
LDMOS (3). 

• In the LSFET array, the cell {drain-to-drain) pitch measures ~3.36 µm, the gate to drain contact center spacing is ~0.62 µm, the gate to source/body contact 
center spacing is ~0.46 µm, the total polysilicon gate length is ~0.60 µm. 

• In the LSFET array, there are two sets of polysilicon gate length combinations, one Is ~0.34 µm physical channel length and ~0.26 µm extended portion over 
the SGO, another is ~0.40 µm physical channel length and ~0.20 µm extended portion over the SGO. 
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LSFET Array - SEM Cross-Section A-A 
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MP9502 Die HS/LS FET SWS 

• The polysilicon contact regions use an, up to ~30 nm thick, CoSi layer. 

• The sidewall spacer (SWS) comprises a 15 nm L-shaped SiO layer, a 70 nm D-shaped SiN layer, and a 22 nm D-shaped SiON on the SID side. 

• An additional 28 nm D-shaped SiO on the drain side only which is used as salicide block (SAB) layer. A 33 nm thick SiN CESL covers the transistors. 

• The maximum thickness of oxide is ~47 nm in the region between polysilicon gate and drain contact. 
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HS/LS FET Gate SWS on Source Side - TEM Cross-Section HS/LS FET Gate SWS on Drain Side - TEM Cross-Section 

39 'UI content if) 2022 T echh1$1Qhts Inc All nghts reserved 

Tech 
Insights 



G
reenthread Ex. 2026, p. 249 of 260 

M
PS v. G

reenthread 
IPR

2024-00552

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 110 of 121 PagelD #: 249 

MP9502 Die HS/LS FET Gate Dielectric 

• The gate features a ~40 nm thick SGO and an ~8.5 nm thick oxide as gate dielectric. 
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HS/LS FET Gate - TEM Cross-Section 
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MP9502 Die HS/LS FET Contacts 

• A CoSi region up to ~30 nm thick is observed in the source and drain contact regions. 

• The SID contact (W) partially penetrates into the top of the SID ohmic contact layer (CoSi). 

• The W contacts are ~0.22 µm in diameter at the widest portion and narrow down to 0.16 µmat the bottom. 
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HS/LS FET Source Contacts - TEM Cross-Section HS/LS FET Drain Contact - TEM Cross-Section 

41 All content© 2022 Techlns1gh1s Inc All n~hts re~e~e:d 

Tech 
Insights 



G
reenthread Ex. 2026, p. 251 of 260 

M
PS v. G

reenthread 
IPR

2024-00552

Case 1:23-cv-00579-UNA Document 1-8 Filed 05/26/23 Page 112 of 121 PagelD #: 251 

MP9502 Die HSFET Array - P- and N-Type Regions 

• SCM and sMIM-C analysis of the HSFET array show the use of a P-type body region, N-type drift region, and a higher-doped N-well at the drain region. 

• The P-well layer starts ~2.1 µm from the front surface, while the NBL measures ~5.3 µm thick and reaches -7.4 µm deep. 

• NBL seems to have two regions of higher-doped lower portion and lower-doped upper portion in the Si body. 
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MP9502 Die HSFET - P- and N-Type Regions 

• The N+ SID regions are -0.20 µm deep. 

• The P-body is .... 1 _3 µm deep, while the drain N-well and N-drift region is -1.2 µm deep. 

• The effective channel length defined by dopant boundary is estimated to be -0.17 µm. 
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Comparison of 0.18 1,1m BCD Processes 

• The MPS MP86905 analyzed in this report is compared with the following 0.1 8 µm BCD processes previous analyzed by Techlnsights: 

Feature MPS MP86905 Maxim MAX77854 [4] 

Device type PMIC PMIC 

Mode of operation PWM Undetermined 

Rated voltage/current 4.5-18° V/50 A Undetermined 

Foundry Undetermined Maxim 

Die area (whole die) 3.38 mm x 3.14 mm 4.72mm x 4.17 mm 

Process generation/technology 0.18 µm BCD 0.18 µm BCD S18 

HSFET: 4.0 µm P-LDMOS: 7.2 µm 

LDMOS cell (drain-to-drain) pitch LSFET: 3.4 µm N-LDMOS: 5.0 µm 

LDMOS gate dielectric thickness 8.5nm 14 nm 

P-LDMOS: 0.64 µm 

LDMOS electrical channel length ~0.17µm N-LDMOS: 0.68 µm 

Isolation type(s) STI STI 

Silicide CoSi CoSi 

Number of metal layers and material 3AI 4Al 

Contacts/vias material WMJ WMJ 

Number of polysilicon layers 1 1 
• The absolute maximum rating voltage 
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BQ24260YFF [5] 

Li-Ion PMIC 
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N-LDMOS Array 1: 4.7 
µm 

N-LDMOS Array 2: 6.8 
µm 

N-LDMOS Array 3: 3.5 
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Qualcomm PM8921 [6] 

PMIC 

Undetermined 

Undetermined 

TSMC 

6.20 mm x 6.49 mm 

0.18 µm BCD 

P-LDMOS Array 6: 4.3 µm 

N-LDMOS Array 7: 4.3 µm 

N-LDMOS Array 5: 9.3 µm 

14nm 

P-LDMOS Array 6: ~0.4 µm (assumed) 

N-LDMOS Array 7: -0.8 µm (assumed) 

N-LDMOS Array 5: -1 .6 µm (assumed) 
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Statement of Measurement Uncertainty and Scope Variation 

Statement of Measurement Uncertainty 

Techlnsights calibrates length measurements on its scanning electron microscope (SEM), transmission electron microscope (TEM), and optical microscopes using 
measurement standards that are traceable to the International System of Units (SI). 

Our SEM/TEM cross-calibration standard was calibrated at the National Physical Laboratory (NPL) in the UK (Report Reference LR0304/E06050342/SEM4/190). This 
standard has a 146 ::1: 2 nm(± 1.4%) pitch, as certified by the NPL. Techlnsights verifies every six months that its SEM and TEM are calibrated to within± 2% of this standard, 
over the full magnification ranges used. 

Techlnsights' optical microscopes are calibrated using a micrometer calibrated at the National Research Council of Canada (CN RC) (Report Reference LS-2005-0010). This 
standard has an expanded uncertainty of 0.3 JJm (0.3%) for the micrometer's 100 JJm pitch lines. 

Random measurement errors, introduced during measurements of features on the calibrated images, yield an additional expanded uncertainty, which together with calibration 
uncertainty, is approximately± 5% or better for features larger than about 20% of the image width. 

Techtnsights camera systems, used for package photographs and teardown photographs, and Techlnsights X-ray instruments are not calibrated. Package dimensions are 
measured physically with calipers. 

The materials analysis reported in Tech Insights reports is normally limited to approximate elemental composition, rather than stoichiometry. Quantification of energy dispersive 
spectroscopy (SEM-EDS and TEM-EDS) and TEM-based electron energy loss spectroscopy (TEM-EELS) materials analysis usually not provided, unless otherwise stated. 
Techlnsights will typically abbreviate the material composition, using only the elemental symbols (rather than full chemical formula) in approximate order of the peak heights in 
the spectra, but this does signify the relative concentration. 

Secondary ion mass spectrometry (SIMS) data may be calibrated for certain dopant elements, provided suitable standards were available. Spreading resistance profiling 
(SRP) data is typically calibrated. Scanning microwave impedance microscopy (sMIM-C) provides spatial information on the dopant type; however, it is not quantitative. The 
accuracy of other methods is available on request. 

Statement of Scope Variation 

Due to the nature of reverse engineering and the diversity of analyzed devices, there is a possibility of content variation in T echlnsights technical reports. 
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About Techlnsights 

For over 30 years Techlnsights has been a trusted patent and technology partner to the world's largest and most successful companies including 37 of the top 
50 U.S. patent holders. By revealing the innovation others can't inside the broadest range of advanced technology products, we prove patent value and enable 
business leaders to make the best, fact-based IP and technology investment decisions. Headquartered in Ottawa Canada, Techlnsights' Patent and Technology 
Analysts deliver specialized products and services from global offices. 

Contact Techlnsights 

To find out more information on this report, or any other reports in our library, please contact Techlnsights at 1-613-599-6500. 

Techlnslghts 

1891 Robertson Road, Suite 500 
Ottawa, Ontario K2H 5B7 
Canada 

T 1-613-599-6500 
F 1-613-599-6501 

Website: www.techinsights.com 
Email: info@techinsights~com 
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MP9502 Die LSFET Array - P- and N-Type Regions 
• SCM and sMIM-C analysis of the LSFET array show the use of a P-type body region, shallower N-drift/N-well in the drain region, and NBL is absent in the 

LSFET array. 

• The P-well is ~2.1 µm deep, the P-body is ~1.3 µm deep, while the drain N-drift/N-well is ~0.9 µm deep, shallower than 1.2 µm observed in the HSFET array. 

• Both HSFET and LSFET array likely share the P-well and P-body masks, but use different mask for drain drift region. 

• The effective channel length defined by dopant boundary is estimated to be ~0 .15 µm in the LSFET array. 
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Statement of Measurement Uncertainty and Scope Variation 

Statement of Measurement Uncertainty 

Techlnsights calibrates length measurements on its scanning electron microscope (SEM), transmission electron microscope (TEM), and optical microscopes using 
measurement standards that are traceable to the International System of Units (SI). 

Our SEM/TEM cross-calibration standard was calibrated at the National Physical Laboratory (NPL) in the UK (Report Reference LR0304/E06050342/SEM4/190). This 
standard has a 146 ± 2 nm(± 1.4%) pitch, as certified by the NPL. Techlnsights verifies every six months that its SEM and TEM are calibrated to within± 2% of this standard. 
over the full magnification ranges used. 

Tech Insights' optical microscopes are calibrated using a micrometer calibrated at the National Research Council of Canada {CNRC) (Report Reference LS-2005-0010). This 
standard has an expanded uncertainty of 0.3 µm {0.3%) for the micrometer's 100 µm pitch lines. 

Random measurement errors, introduced during measurements of features on the calibrated images, yield an additional expanded uncertainty, which together with calibration 
uncertainty, is approximately ± 5% or better for features larger than about 20% of the image width. 

Techlnsights camera systems, used for package photographs and teardown photographs, and Techlnsights X-ray instruments are not calibrated. Package dimensions are 
measured physically with calipers. 

The materials analysis reported in Techlnsights reports is normally limited to approximate elemental composition, rather than stoichiometry. Quantification of energy dispersive 
spectroscopy (SEM-EDS and TEM-EDS) and TEM-based electron energy loss spectroscopy (TEM-EELS) materials analysis usually not provided. unless otherwise stated. 
Techlnsights will typically abbreviate the material composition, using only the elemental symbols {rather than full chemical formula) in approximate order of the peak heights in 
the spectra, but this does signify the relative concentration. 

Secondary ion mass spectrometry (SIMS) data may be calibrated for certain dopant elements. provided suitable standards were available. Spreading resistance profiling 
($RP) data is typically calibrated. Scanning microwave impedance microscopy (sMIM-C) provides spatial information on the dopant type; however, it is not quantitative. The 
accuracy of other methods is available on request. 

Statement of Scope Variation 

Due to the nature of reverse engineering and the diversity of analyzed devices, there is a possibility of content variation in Techlnsights technical reports. 
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About Techlnsights 

For over 30 years Techlnsights has been a trusted patent and technology partner to the world's largest and most successful companies including 37 of the top 
50 U.S. patent holders. By revealing the innovation others can't inside the broadest range of advanced technology products, we prove patent value and enable 
business leaders to make the best, fact-based IP and technology investment decisions. Headquartered in Ottawa Canada, Techlnsights' Patent and Technology 
Analysts deliver specialized products and services from global offices. 

Contact Techlnsights 

To find out more infonnation on this report. or any other reports in our library, please contact Techlnsights at 1-613-599-6500. 

Tech Insights 

1891 Robertson Road, Suite 500 
Ottawa, Ontario K2H 5B7 
Canada 

T 1-613-599-6500 
F 1-613-599-6501 

Website: www.techinsights.com 
Email: info@techinsights.~m 
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