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1. My name is June Ann Munford. I am over the age of 18, have 

personal knowledge of the facts set forth herein, and am competent to testify to the 

same. 

2. I earned a Master of Library and Information Science (MLIS) from 

the University of Wisconsin-Milwaukee in 2009. I have over ten years of 

experience in the library/information science field. Beginning in 2004, I have 

served in various positions in the public library sector including Assistant 

Librarian, Youth Services Librarian and Library Director. I have attached my 

Curriculum Vitae as Appendix CV. 

3. During my career in the library profession, I have been responsible for 

materials acquisition for multiple libraries. In that position, I have cataloged, 

purchased and processed incoming library works. That includes purchasing 

materials directly from vendors, recording publishing data from the material in 

question, creating detailed material records for library catalogs and physically 

preparing that material for circulation. In addition to my experience in acquisitions, 

I was also responsible for analyzing large collections of library materials, tailoring 

library records for optimal catalog search performance and creating lending 

agreements between libraries during my time as a Library Director.  

4. I am fully familiar with the catalog record creation process in the 

library sector. In preparing a material for public availability, a library catalog 
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record describing that material would be created. These records are typically 

written in Machine Readable Catalog (herein referred to as “MARC”) code and 

contain information such as a physical description of the material, metadata from 

the material’s publisher, and date of library acquisition. In particular, the 008 field 

of the MARC record is reserved for denoting the date of creation of the library 

record itself. As this typically occurs during the process of preparing materials for 

public access, it is my experience that an item’s MARC record indicates the date of 

an item’s public availability. 

5. Typically, in creating a MARC record, a librarian would gather 

various bits of metadata such as book title, publisher and subject headings among 

others and assign each value to a relevant numerical field. For example, a book’s 

physical description is tracked in field 300 while title/attribution is tracked in field 

245. The 008 field of the MARC record is reserved for denoting the creation of the 

library record itself. As this is the only date reflecting the inclusion of said 

materials within the library’s collection, it is my experience that an item’s 008 field 

accurately indicates the date of an item’s public availability. 

6. I have reviewed Exhibit 1022, “Standardization of Methods for 

Fluence (UV Dose) Determination in Bench-Scale UV Experiments” by James R. 

Bolton and Karl G. Linden as published in Journal of Environmental Engineering, 

March 2003.  
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7. Attached hereto as Appendix BOLTON01 is a true and correct copy 

of the MARC record for Journal of Environmental Engineering as held by the 

Linda Hall Library. I secured this record myself from the library’s public catalog. 

The MARC record contained within Appendix BOLTON01 accurately describes 

the title, author, publisher, and ISSN number of Journal of Environmental 

Engineering. The ‘Locations’ field of this record visible on page 2 indicates this 

collection includes the March 2003 edition of Journal of Environmental 

Engineering containing “Standardization of Methods for Fluence (UV Dose) 

Determination in Bench-Scale UV Experiments”. In comparing Exhibit 1022 to 

Appendix BOLTON01, it is my determination that Exhibit 1022 is a true and 

correct copy of “Standardization of Methods for Fluence (UV Dose) Determination 

in Bench-Scale UV Experiments” by James R. Bolton and Karl G. Linden as 

published in Journal of Environmental Engineering March 2003.  

8. The 008 field of the MARC record in Appendix BOLTON01 indicates 

the date of record creation. The 008 field of Appendix BOLTON01 indicates the 

Linda Hall Library first acquired this journal as of October 10, 1982 and held the 

journal in perpetuity until 2013. Considering this information, it is my 

determination that Journal of Environmental Engineering March 2003 and 

therefore “Standardization of Methods for Fluence (UV Dose) Determination in 

4



 
 

Bench-Scale UV Experiments” was made available to the public shortly after its 

initial release in March 2003. 

9. I have reviewed Exhibit 1020, “High-Intensity Sources of Incoherent 

UV and VUV Excimer Radiation for Low-Temperature Materials Processing” by 

U. Kogelschatz, H. Esrom, J.-Y. Zhang and I.W. Boyd as published in Applied 

Surface Science, December 2000.  

10. Attached hereto as Appendix KOGELSCHATZ01 is a true and 

correct copy of the MARC record for Applied Surface Science as held by the Linda 

Hall Library. I secured this record myself from the library’s public catalog. The 

MARC record contained within Appendix KOGELSCHATZ01 accurately 

describes the title, author, publisher, and ISSN number of Applied Surface Science. 

The ‘Locations’ field of this record visible on page 2 indicates this collection 

includes the December 2000 edition of Applied Surface Science containing “High-

Intensity Sources of Incoherent UV and VUV Excimer Radiation for Low-

Temperature Materials Processing”. In comparing Exhibit 1022 to Appendix 

KOGELSCHATZ01, it is my determination that Exhibit 1022 is a true and correct 

copy of “High-Intensity Sources of Incoherent UV and VUV Excimer Radiation 

for Low-Temperature Materials Processing” by U. Kogelschatz, H. Esrom, J.-Y. 

Zhang and I.W. Boyd as published in Applied Surface Science December 2000.  
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11. The 008 field of the MARC record in Appendix KOGELSCHATZ01 

indicates the date of record creation. The 008 field of Appendix 

KOGELSCHATZ01 indicates the Linda Hall Library first acquired this journal as 

of September 26, 1985 and held the journal in perpetuity until 2016. Considering 

this information, it is my determination that Applied Surface Science December 

2000 and therefore “High-Intensity Sources of Incoherent UV and VUV Excimer 

Radiation for Low-Temperature Materials Processing” was made available to the 

public shortly after its initial release in December 2000. 

12. I have reviewed Exhibit 1021, Molecular Cell Biology by Harvey 

Lodish, Arnold Berk, S. Lawrence Zipursky, Paul Matsudaira and James Darnell, 

4th edition.  

13. Attached hereto as Appendix LODISH01 is a true and correct copy of 

the MARC record for Molecular Cell Biology as held by the University of 

Pennsylvania - Franklin library. I secured this record myself from the library’s 

public catalog. The MARC record contained within Appendix LODISH01 

accurately describes the title, author, publisher, and ISBN number of Molecular 

Cell Biology. In comparing Exhibit 1021 to Appendix LODISH01, it is my 

determination that Exhibit 1021 is a true and correct copy of Molecular Cell 

Biology by Harvey Lodish, Arnold Berk, S. Lawrence Zipursky, Paul Matsudaira 

and James Darnell.  
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14. The 008 field of the MARC record in Appendix LODISH01 indicates 

the date of record creation. The 008 field of Appendix LODISH01 indicates 

University of Pennsylvania - Franklin library first acquired this book as of April 

20, 1999. Considering this information, it is my determination that Molecular Cell 

Biology was made available to the public shortly after its initial acquisition in April 

1999. 

15. I have reviewed Exhibit 1017, “Ultraviolet Light C in Treatment of 

Chronic Wounds with MRSA: A Case Study” by Thao P. Thai, Pamela E. 

Houghton, David H. Keast, Karen E. Campbell and M. Gail Woodbury as 

published in Ostomy/Wound Management, November 2002.  

16. Attached hereto as Appendix THAI01 is a true and correct copy of the 

MARC record for Ostomy/Wound Management as held by the University of 

Michigan library. I secured this record myself from the library’s public catalog. 

The MARC record contained within Appendix THAI01 accurately describes the 

title, author, publisher, and ISSN number of Ostomy/Wound Management. The 

‘Available at’ field of this record visible on page 2 indicates this collection 

includes the November 2002 edition of Ostomy/Wound Management containing 

“Ultraviolet Light C in Treatment of Chronic Wounds with MRSA: A Case 

Study”. In comparing Exhibit 1017 to Appendix THAI01, it is my determination 

that Exhibit 1017 is a true and correct copy of “Ultraviolet Light C in Treatment of 
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Chronic Wounds with MRSA: A Case Study” by Thao P Thai, Pamela E. 

Houghton, David H. Keast, Karen E. Campbell and M. Gail Woodbury as 

published in Ostomy/Wound Management November 2002.  

17. The 008 field of the MARC record in Appendix THAI01 indicates the 

date of record creation. The 008 field of Appendix THAI01 indicates the 

University of Michigan library first acquired this journal as of January 29, 2001 -

and held the journal in perpetuity until 2008. Considering this information, it is my 

determination that Ostomy/Wound Management November 2002 and therefore 

“Ultraviolet Light C in Treatment of Chronic Wounds with MRSA: A Case Study” 

was made available to the public shortly after its initial release in November 2002. 

18. I have reviewed Exhibit 1037, “The Effects of UV Irradiation and Gas 

Plasma Treatment on Living Mammalian Cells and Bacteria” by Edward A. 

Sosnin, Eva Stoffels, Michael V. Erofeev, Ingrid E. Kift and Sergey E. Kunts as 

published in IEEE Transactions on Plasma Science, August 2004.  

19. Attached hereto as Appendix SOSNIN01 is a true and correct copy of 

the MARC record for IEEE Transactions on Plasma Science as held by the 

Carnegie Library of Pittsburgh. I secured this record myself from the library’s 

public catalog. The MARC record contained within Appendix SOSNIN01 

accurately describes the title, author, publisher, and ISSN number of IEEE 

Transactions on Plasma Science. The ‘Lib Has’ field of this record visible on page 
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2 indicates this collection includes the August 2004 edition of IEEE Transactions 

on Plasma Science containing “The Effects of UV Irradiation and Gas Plasma 

Treatment on Living Mammalian Cells and Bacteria”.  

20. Attached hereto as Appendix SOSNIN02 is a true and correct copy of 

“The Effects of UV Irradiation and Gas Plasma Treatment on Living Mammalian 

Cells and Bacteria” as published in IEEE Transactions on Plasma Science as held 

by the Carnegie Library of Pittsburgh. I secured these scans myself from the 

library’s collection. In comparing Exhibit 1037 to Appendix SOSNIN02, it is my 

determination that Exhibit 1037 is a true and correct copy of “The Effects of UV 

Irradiation and Gas Plasma Treatment on Living Mammalian Cells and Bacteria” 

by Edward A. Sosnin, Eva Stoffels, Michael V. Erofeev, Ingrid E. Kift and Sergey 

E. Kunts as published in IEEE Transactions on Plasma Science August 2004.  

21. The 008 field of the MARC record in Appendix SOSNIN01 indicates 

the date of record creation. The 008 field of Appendix SOSNIN01 indicates the 

Carnegie Library of Pittsburgh first acquired this journal as of May 14, 1974 and 

held the journal in perpetuity until 2009. Considering this information, it is my 

determination that IEEE Transactions on Plasma Science August 2004 and 

therefore “The Effects of UV Irradiation and Gas Plasma Treatment on Living 

Mammalian Cells and Bacteria” was made available to the public shortly after its 

initial release in August 2004. 
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22. I have reviewed Exhibit 1039, “Disinfection by Free Radicals and 

UV-Radiation” by C. von Sonntag as published in Water Supply, vol. 4 (1986).  

23. Attached hereto as Appendix VONSONNTAG01 is a true and correct 

copy of the MARC record for Water Supply as held by the Cornell University 

library. I secured this record myself from the library’s public catalog. The MARC 

record contained within Appendix VONSONNTAG01 accurately describes the 

title, author, publisher, and ISSN number of Water Supply. The ‘Availability’ field 

of this record visible on page 3 indicates this collection includes the vol. 4 (1986) 

edition of Water Supply containing “Disinfection by Free Radicals and UV-

Radiation”. In comparing Exhibit 1039 to Appendix VONSONNTAG01, it is my 

determination that Exhibit 1039 is a true and correct copy of “Disinfection by Free 

Radicals and UV-Radiation” by C. von Sonntag as published in Water Supply vol. 

4 (1986).  

24. The 008 field of the MARC record in Appendix VONSONNTAG01 

indicates the date of record creation. The 008 field of Appendix 

VONSONNTAG01 indicates the Cornell University library first acquired this 

journal as of October 13, 1983 and held the journal in perpetuity until 2000. 

Considering this information, it is my determination that Water Supply vol. 4 

(1986) and therefore “Disinfection by Free Radicals and UV-Radiation” was made 

available to the public shortly after its initial release in 1986. 
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25. I have reviewed Exhibit 1040, “A Study of the Bactericidal Action of 

Ultra Violet Light” by F.L. Gates as published in The Journal of General 

Physiology, November 1929.  

26. Attached hereto as Appendix GATES01 is a true and correct copy of 

the MARC record for The Journal of General Physiology as held by the University 

of Akron library. I secured this record myself from the library’s public catalog. The 

MARC record contained within Appendix GATES01 accurately describes the title, 

author, publisher, and ISSN number of The Journal of General Physiology. The 

‘Lib Has’ field of this record visible on page 3 indicates this collection includes the 

November 1929 edition of The Journal of General Physiology containing “A Study 

of the Bactericidal Action of Ultra Violet Light”. In comparing Exhibit 1040 to 

Appendix GATES01, it is my determination that Exhibit 1040 is a true and correct 

copy of “A Study of the Bactericidal Action of Ultra Violet Light” by F.L. Gates as 

published in The Journal of General Physiology November 1929.  

27. The 008 field of the MARC record in Appendix GATES01 indicates 

the date of record creation. The 008 field of Appendix GATES01 indicates the 

University of Akron library first acquired this journal as of June 13, 1975. 

Considering this information, it is my determination that The Journal of General 

Physiology November 1929 and therefore “A Study of the Bactericidal Action of 

Ultra Violet Light” was made available to the public shortly after its initial 
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acquisition in June 1975 and likely earlier due to the work’s original publication 

date. 

28. I have reviewed Exhibit 1005, “A New Bacterial UV Light Sources - 

Excilamps” by Edward A. Sosnin, Larisa V. Lavrent’eva, Mikhail V. Erofeev, 

Yana V. Masterova, Eugenia N. Kuznetzova and Victor F. Tarasenko as published 

in Proceedings of SPIE Vol. 5483 – Atomic and Molecular Pulsed Lasers V.  

29. Attached hereto as Appendix SOSNIN03 is a true and correct copy of 

the MARC record for Proceedings of SPIE Vol. 5483 – Atomic and Molecular 

Pulsed Lasers V as held by the Penn State University library. I secured this record 

myself from the library’s public catalog. The MARC record contained within 

Appendix SOSNIN03 accurately describes the title, author, publisher, and ISBN 

number of Proceedings of SPIE Vol. 5483 – Atomic and Molecular Pulsed Lasers 

V.  

30. Attached hereto as Appendix SOSNIN04 is a true and correct copy of 

“A New Bacterial UV Light Sources - Excilamps” as published in Proceedings of 

SPIE Vol. 5483 – Atomic and Molecular Pulsed Lasers V as held by the Penn State 

University library. I secured this file myself from the library’s collection. In 

comparing Exhibit 1005 to Appendix SOSNIN04, it is my determination that 

Exhibit 1005 is a true and correct copy of “A New Bacterial UV Light Sources - 

Excilamps” as published in Proceedings of SPIE Vol. 5483 – Atomic and 
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Molecular Pulsed Lasers V by Edward A. Sosnin, Larisa V. Lavrent’eva, Mikhail 

V. Erofeev, Yana V. Masterova, Eugenia N. Kuznetzova and Victor F. Tarasenko.  

31. The 008 field of the MARC record in Appendix SOSNIN03 indicates 

the date of record creation. The 008 field of Appendix SOSNIN03 indicates the 

Penn State University library first acquired these proceedings as of July 24, 2004. 

Considering this information, it is my determination that Proceedings of SPIE Vol. 

5483 – Atomic and Molecular Pulsed Lasers V and therefore “A New Bacterial UV 

Light Sources - Excilamps” was made available to the public shortly after its initial 

acquisition in July 24, 2004. 

32. I have reviewed Exhibit 1006, A Recommended Standard for 

Occupational Exposure to Ultraviolet Radiation by the National Institute for 

Occupational Safety & Health.  

33. Attached hereto as Appendix NIOSH01 is a true and correct copy of 

the MARC record for A Recommended Standard for Occupational Exposure to 

Ultraviolet Radiation as held by the Penn State University library. I secured this 

record myself from the library’s public catalog. The MARC record contained 

within Appendix NIOSH01 accurately describes the title, author, publisher, and 

ISBN number of A Recommended Standard for Occupational Exposure to 

Ultraviolet Radiation.  
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34. Attached hereto as Appendix NIOSH02 is a true and correct copy of A 

Recommended Standard for Occupational Exposure to Ultraviolet Radiation as 

held by the Penn State University library. I secured these scans myself from the 

library’s collection. In comparing Exhibit 1006 to Appendix NIOSH02, it is my 

determination that Exhibit 1006 is a true and correct copy of A Recommended 

Standard for Occupational Exposure to Ultraviolet Radiation by The National 

Institute for Occupational Safety & Health. 

35. The 008 field of the MARC record in Appendix NIOSH01 indicates 

the date of record creation. The 008 field of Appendix NIOSH01 indicates Penn 

State University library first acquired this book as of February 11, 1993. 

Considering this information, it is my determination that A Recommended 

Standard for Occupational Exposure to Ultraviolet Radiation was made available 

to the public shortly after its initial acquisition in February 1993. 

36. I have reviewed Exhibit 1007, Health and the Environmental Effects 

of Ultraviolet Radiation: A Summary of Environmental Health Criteria 160 

Ultraviolet Radiation by the World Health Organization.  

37. Attached hereto as Appendix WHO01 is a true and correct copy of the 

MARC record for Health and the Environmental Effects of Ultraviolet Radiation: 

A Summary of Environmental Health Criteria 160 Ultraviolet Radiation as held by 

the National Library of Medicine. I secured this record myself from the library’s 
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public catalog. The MARC record contained within Appendix WHO01 accurately 

describes the title, author, publisher, and ISBN number of Health and the 

Environmental Effects of Ultraviolet Radiation: A Summary of Environmental 

Health Criteria 160 Ultraviolet Radiation. In comparing Exhibit 1007 to Appendix 

WHO01, it is my determination that Exhibit 1007 is a true and correct copy of 

Health and the Environmental Effects of Ultraviolet Radiation: A Summary of 

Environmental Health Criteria 160 Ultraviolet Radiation by the World Health 

Organization.  

38. The 008 field of the MARC record in Appendix WHO01 indicates the 

date of record creation. The 008 field of Appendix WHO01 indicates the National 

Library of Medicine first acquired this document as of June 20, 1996. Considering 

this information, it is my determination that Health and the Environmental Effects 

of Ultraviolet Radiation: A Summary of Environmental Health Criteria 160 

Ultraviolet Radiation was made available to the public shortly after its initial 

acquisition in June 1996. 

39. I have been retained on behalf of the Petitioners to provide assistance 

in the above-illustrated matter in establishing the authenticity and public 

availability of the documents discussed in this declaration. I am being compensated 

for my services in this matter at the rate of $100.00 per hour plus reasonable 
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expenses.  My statements are objective, and my compensation does not depend on 

the outcome of this matter. 

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

correct. I hereby declare that all statements made herein of my own knowledge are 

true and that all statements made on information and belief are believed to be true; 

and further that these statements were made the knowledge that willful false 

statements and the like so made are punishable by fine or imprisonment, or both, 

under Section 1001 of Title 18 of the United States Code. 

Dated: 3/8/2023 

June Ann Munford
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J. Munford 
Curriculum Vitae 
 
Education 
 
University of Wisconsin-Milwaukee - MS, Library & Information Science, 2009 
Milwaukee, WI 
 

● Coursework included cataloging, metadata, data analysis, library systems, 
management strategies and collection development. 
● Specialized in library advocacy, cataloging and public administration. 

 
Grand Valley State University - BA, English Language & Literature, 2008 
Allendale, MI 

 
● Coursework included linguistics, documentation and literary analysis. 
● Minor in political science with a focus in local-level economics and 
government. 

 
 
Professional Experience 
 
Researcher / Expert Witness, October 2017 – present 
Freelance ● Pittsburgh, Pennsylvania & Grand Rapids, Michigan 
 

● Material authentication and public accessibility determination. 
Declarations of authenticity and/or public accessibility provided upon 
research completion. Experienced with appeals and deposition process. 
 
● Research provided on topics of public library operations, material 
publication history, digital database services and legacy web resources. 
 
● Past clients include Alston & Bird, Arnold & Porter, Baker Botts, Fish & 
Richardson, Erise IP, Irell & Manella, O'Melveny & Myers, Perkins-Coie, 
Pillsbury Winthrop Shaw Pittman and Slayden Grubert Beard. 
 

Library Director, February 2013 - March 2015 
Dowagiac District Library ● Dowagiac, Michigan 
 

● Executive administrator of the Dowagiac District Library. Located in 
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Southwest Michigan, this library has a service area of 13,000, an annual 
operating budget of over $400,000 and total assets of approximately 
$1,300,000. 

● Developed careful budgeting guidelines to produce a 15% surplus during
the 2013-2014 & 2014-2015 fiscal years while being audited.

● Using this budget surplus, oversaw significant library investments
including the purchase of property for a future building site, demolition of
existing buildings and building renovation projects on the current facility.

● Led the organization and digitization of the library's archival records.

● Served as the public representative for the library, developing business
relationships with local school, museum and tribal government entities.

● Developed an objective-based analysis system for measuring library
services - including a full collection analysis of the library's 50,000+
circulating items and their records.

November 2010 - January 2013 
Librarian & Branch Manager, Anchorage Public Library ● Anchorage, Alaska 

● Headed the 2013 Anchorage Reads community reading campaign
including event planning, staging public performances and creating
marketing materials for mass distribution.

● Co-led the social media department of the library's marketing team,
drafting social media guidelines, creating original content and instituting
long-term planning via content calendars.

● Developed business relationships with The Boys & Girls Club, Anchorage
School District and the US Army to establish summer reading programs for
children.

June 2004 - September 2005, September 2006 - October 2013 
Library Assistant, Hart Area Public Library 
Hart, MI 

● Responsible for verifying imported MARC records and original MARC
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cataloging for the local-level collection as well as the Michigan Electronic 
Library. 

● Handled OCLC Worldcat interlibrary loan requests & fulfillment via
ongoing communication with lending libraries.

Professional Involvement 

Alaska Library Association - Anchorage Chapter 
● Treasurer, 2012

Library Of Michigan 
● Level VII Certification, 2008
● Level II Certification, 2013

Michigan Library Association Annual Conference 2014 
● New Directors Conference Panel Member

Southwest Michigan Library Cooperative 
● Represented the Dowagiac District Library, 2013-2015

Professional Development 

Library Of Michigan Beginning Workshop, May 2008 
Petoskey, MI 

● Received training in cataloging, local history, collection management,
children’s literacy and reference service.

Public Library Association Intensive Library Management Training, October 2011 
Nashville, TN 

● Attended a five-day workshop focused on strategic planning, staff
management, statistical analysis, collections and cataloging theory.

Alaska Library Association Annual Conference 2012 - Fairbanks, February 2012 
Fairbanks, AK 

● Attended seminars on EBSCO advanced search methods, budgeting,
cataloging, database usage and marketing.
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Depositions 

2019 ● Fish & Richardson 
IPR Petitions of 865 Patent, Apple v. Qualcomm (IPR2018-001281 / 
39521-00421IP & IPR2018-01282 / 39521-00421IP2) 

2019 ● Erise IP 
Implicit, LLC v. Netscout Systems, Inc (Civil Action No. 2:18-cv-53-JRG) 

2019 ● Perkins-Coie 
Adobe Inc. v. RAH Color Technologies LLC (Cases IPR2019-00627, 
IPR2019-00628, IPR2019-00629 and IPR2019-00646) 

2020 ● O’Melveny & Myers 
Maxell, Ltd. v. Apple Inc. (Case 5:19-cv-00036-RWS) 

2021 ● Pillsbury Winthrop Shaw Pittman LLP 
Intel v. SRC (Case IPR2020-1449) 

Limited Case History & Potential Conflicts 

Alston & Bird 
● Nokia (v. Neptune Subsea, Xtera)

Arnold & Porter 
● Ivantis (v. Glaukos)

Erise I.P. 
● Apple

v. Future Link Systems (IPRs 6317804, 6622108, 6807505, and
7917680)

v. INVT

v. Navblazer LLC (Case No. IPR2020-01253)
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v. Qualcomm (IPR2018-001281, 39521-00421IP, IPR2018-01282,
39521-00421IP2)

v. Quest Nettech Corp, Wynn Technologies (Case No. IPR2019-
00XXX, RE. Patent Re38137)

● Fanduel (v CGT)

● Garmin (v. Phillips North America LLC, Case No. 2:19-cv-6301-AB-KS
Central District of California)

● Netscout

v. Longhorn HD LLC)

v. Implicit, LLC (Civil Action No. 2:18-cv-53-JRG)

● Sony Interactive Entertainment LLC

v. Bot M8 LLC

v. Infernal Technology LLC

● Unified Patents (v GE Video Compression, Civil Action No. 2:19-cv-248)

Fish & Richardson 
● Apple

v. LBS Innovations

v. Masimo (IPR 50095-0012IP1, 50095-0012IP2, 50095-0013IP1,
50095-0013IP2, 50095-0006IP1)

v. Neonode

v. Qualcomm (IPR2018-001281, 39521-00421IP, IPR2018-01282,
39521-00421IP2)

● Dish Network

v. Realtime Adaptive Streaming, Case No 1:17-CV-02097-RBJ)
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v. TQ Delta LLC

● Huawei (IPR 76933211)

● Kianxis

● LG Electronics (v. Bell Northern Research LLC, Case No. 3:18-cv-2864-
CAB-BLM)

● Metaswitch

● MLC Intellectual Property (v. MicronTech, Case No. 3:14-cv-03657-SI)

● Realtek Semiconductor

● Quectel

● Samsung (v. Bell Northern Research, Civil Action No. 2:19-cv-00286-
JRG)

● Texas Instruments

Irell & Manella 

● Curium

O’Melveny & Myers 

● Apple (v. Maxell, Case 5:19-cv-00036-RWS)

Perkins-Coie 

● TCL Industries (v. Koninklijke Philips NV, PTAB Case Nos. IPR2021-
00495, IPR2021-00496, and IPR2021-00497)

Pillsbury Winthrop Shaw Pittman 
● Intel (v. FG SRC LLC, Case No. 6:20-cv-00315 W.D. Tex)
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PROCEEDINGS OF SPIE

SPIEDigitalLibrary.org/conference-proceedings-of-spie

New bactericidal UV light sources:
excilamps

Edward Sosnin, Larisa Lavrent'eva, Mikhail Erofeev, Yana
Masterova, Eugenia Kuznetzova, et al.

Edward A. Sosnin, Larisa V. Lavrent'eva, Mikhail V. Erofeev, Yana V.
Masterova, Eugenia N. Kuznetzova, Victor F. Tarasenko, "New bactericidal
UV light sources: excilamps," Proc. SPIE 5483, Atomic and Molecular Pulsed
Lasers V,  (3 May 2004); doi: 10.1117/12.563017

Event: Atomic and Molecular Pulsed Lasers V, 2003, Tomsk, Russian
Federation

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 23 Feb 2023  Terms of Use: https://www.spiedigitallibrary.org/terms-of-use
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BYB-30 30
BYB-15
HPK-7
XeBr-JTIEPA-5

6.6 60
5.3 —60
3.5 <20
14 >85

104 J/cm2 renders action similar to action of the same doze from low pressure bactericide lamp. The disadvantages of these
UV-light systems ' are it's relative expensiveness and additional factors of danger in service of the system (for example,
the use of high-voltage up to 30-40 kV).

Table 1. Germicidal lamps characteristics 1,3

Lamp model Demand power, W Design germicide Germicidal effi- Share of bactericidal
power, W ciency, % power in lamp emis-

sion, %

15
1000
81

2
0.8
35.0
11.4

Attractive alternative to the above-described systems are so-called excilamps, which active study is conducted last 5-10
years. Independently on the excitation discharge type, spectra of these sources consist of narrow bands, and the main contri-
bution into radiation is made by two excited states, namely, 'U and at transition to repulsive state 'g (the so-called
band B—÷X), and the band halfwidth rarely exceeds 8-10 nm. It is remarkable that the band B—X possesses over 80-90 % of
the total radiation of lamp. According to a working molecule, the band B—>X is located in different places of UV range (see
Tab. 1). For brevity, in [12] it was suggested to call such devices (as a subclass of discharge lamps) radiating at the expense
of decay of excimer or exciplex molecules as excilamps. If it is the lamp based on molecules of inert gas R*2, it is called
then excimer lamp [1]. Efficiency of such excilamps can achieve 7-30% [9].

I,D

U

DD D 4D D tD ID0 ]D 34D 1GD D 4DD 4W 44D 460 4D DD

Fig. 1 . Capacitive discharge XeBr-excilamp spectra.
In comparison with conventional middle-pressure UV-lamps the warming of excilamps bulbs is relatively low, and in west-
em articles it's still named as cold emission sources. For example, in 6for the first time were proposed and tested capacitive
discharge excilamps with a simple design of bulb and high lifetime suitable due to absence of contact between a working
mixture and metal electrodes. The important advantage of the excilamps is the absence of mercury in gas mixture. Owing to
this, UV-system becomes safe in operation and removes a problem of expensive recycling of lamp bulbs.
Development of these low-cost, effective light sources promises enormous potential for materials' processing. One of po-
tential application area is desinfection.
This paper is devoted to experimental study of inactivation process of Escherichia coli using different capacitive discharge
excilamps Ha Escherichia coli under primary and secondary treatment. The second aim of the present work was the com-
parative study of bactericidal action of barrier discharge KrCl-excilamp irradiation on Escherichia coli and Staphylococcus
aureus.
Let us note, that in articles dedicated to UV-sterilisation known for us, for example in "s, the estimation of secondary treat-
ing of radiation was not carried out.
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2. METHODS

2.1. UV lighting sources

Irradiation was performed within various time, irradiation doze, and use various type excilamps developed at Laboratory of
Optical Radiation, High Current Electronics Institute SB RAS: KrCl-, XeC1- and XeBr-capacitive discharge cylindrical ex-
cilamps3'6 with following parameters: discharge gap 20, 20 and 21 cm, tube diameter 3 .8, 4.2 and 4.2 cm, wavelength (B—X
transition) 308, 222 and 282 nm, specific power density ofUV radiation up to 10, 20, and 12 (mW/cm2), efficiency up to 15,
15 and 20 %, correspondingly. The barrier discharge KrCl-excilamp7 created at the Laboratory of optical radiation of the
Institute of High-Current Electronics Institute SB RAS was also used in experiments. The lamp emission power was 65 W,
emitting area as 0. 1 m2. Figure 2 shows KrCl-excilamp radiation spectrum. Commonly, excilamps have radiation spectrum
maximum displaced in direction of short-wave UV radiation being close to the DNA absorption maximum. The last ex-
plains the high rate of bactericidal effect of excilamps. Photodetector FEK22-SPU was used in experiments to determine
illumination. Irradiation doze (J/cm2) was defined by the product of illumination (W/cm2) and irradiation time (s).

2.2. Bacterial cultures

The object of study was the pure culture of Escherichia

i cI* coli and Staphylococcus aureus, provided by the Scientific

1 Research Institute of Balneology (Tomsk, Russia). Our- -
selection of colibacillus for study was determined by its
belonging to the main species of the enterobacterium
group taken for sanitation of desinfection efficiency by
Uv radiation. Besides that, the Esch. coli has one of the
most high resistance coefficients among enterobacteria
group. The culture S. aureus is widely spread test-object
in investigations on action of desinfection matters and
antibiotics on gram-positive bacteria since this culture is

I
characterised by high adaptability to adverse effects due to

200 250 300 350 400 its high conjugation between cells.

; , nm The bacterial cultures were supported on beef-extract agar

Fig.2. Radiation spectrum ofbarrier discharge KrC1- (BEA) and kept at the temperature of 4°C. In preliminary

excilamp. study, based on the method of multiple dilutions, the op-
timal concentration of microbial dredge was found for

experiments.
Primary and secondary irradiation of culture E. coli by capacitive discharge excilamps radiation during various periods of
time were carried out. Usually, the exposure was made 5 cm distant from the lamp. Thereby the heating effect of substrate
was minimised and values of irradiation were kept high. Each exposure was repeated 4-5 times. For control, several dishes
were left non-irradiated. The number of the survived micro-organisms was defined by the method of bacterial inoculation in
dense media (the Koch method of bacterial inoculation in agarized media in Petri dishes). The inoculates were cultivated at
temperature of2O-23°C. The evaluation ofthe number ofsurvived micro-organisms was made in 72 hours.
The micro-organisms survived after irradiation by a doze leading to inactivation of 99.9 % of E. co/i allocated in pure cul-
ture and subjected to a repeated treatment. The qualitative and quantitative analysis, estimation of bacterial colonies mor-
phology (size, form, consistence, character of edge1) were conducted.
For statistics of inactivation results, arithmetic average, standard deviation, and error in mean were found using standard
program package Statistica 5.0 for Windows, and confidence level was defined by criterion Wilkockson-Mann-Whittney.

3. RESULTS

3.1. Primary and secondary irradiation of culture E. coli by capacitive discharge excilamps

From the experiments performed it may be concluded that all the excilamps can provide pronounced bactericidal effect on
testing cultures both to primary and secondary UV-irradiation.

1 Distinctions from initial culture from other attributes is not marked.
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The certainty of bactericide radiation effect on microorganisms number was establised by the use of variance analysis
(significance value p <0.05).

KrC1-excilamp irradiation leads to
inactivation 99.9 % of E. coli
during 8 seconds of exposure at
primary irradiation and during 6
seconds at the secondary
irradiation (Fig. 4). With increase
of irradiation doze and exposure
time the number of
microorganisms is reduced. For
radiation of KrC1-excilamp (?v-222
HM) the negative correlation
between number of the survived
bacteria and irradiation doze (time)
was found out. Factor of
correlation (r) is equal —0.960 (p <
0.05) at primary irradiation, and— —0.896 (p < 0.05) at secondary
one.
Inactivation of 99.9 % of
microorganisms at influence of
XeBr-excilamp (X—282 HM) was
provided during 6 seconds both at

primary and secondary irradiation. The number of viable cells is reduced at increase of doze and exposure (r =—0.846, p <
0.05 at primary influence and r = —0.876, p <0.05 at secondary one).
The negative correlation between number of the survived cells E. coli and irradiation doze (time) is specific to XeCl-

excilamp (7v—308 HM) radiation. Correlation factor at primary irradiation is equal —0.967 (p <0.05) and —0.979 (p < 0.05) for
the secondary one. Inactivation of 99.9 % of E. coli occurs at exposition of 16 seconds at primary treatment and after 32
seconds at the secondary one.
At comparison of efficiency of primary and secondary irradiation the authentic distinctions are not revealed (significance
value > 0.05). It suggests that the sensitivity of culture E. coli, survived after primary irradiance has not changed.
Comparative study on bactericidal effect of excilamps suggests that the best results can be obtained using XeBr-excilamp
under primary as well as secondary irradiation (Fig. 3). This is consistent with photobiology data about nuclear acids radia-

100

10

0.1

0,01

1 E-3

0
uj

>

Ii-,

C

8
010

—u—XeCI
—'—XeBr
—A---- KrC I

0,00 0,05 0,10 0,15 0,20 0,25

Fluence, Jicm2

Fig. 3. Inactivation of surface-inoculated Esch. co/i using different fluences and ex-
cilamps under primary irradiation.

f survived cultures of)
diation by KrC1-excilamp.
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tion absorption2. We included the performance parameters of XeBr-excilamp into Table 1 . It is evident that this lamp has the
best characteristics in respect to power expenses for producing of bactericide radiation.

3.2. The comparative study of bactericidal action of barrier discharge KrC1-excilamp irradiation on Es-
cherichia coli and Staphylococcus aureus

Inoculation of test-cultures was irradiated by barrier discharge KrC1-excilamp. For each exposure there were three retries.
Part of dishes was left non-irradiated for control. Bacterial inoculations were cultivated at room temperature within three
days. Then, the number of colonies in dishes was calculated and survival of E. coli and S. aureus cells was evaluated in per-
cents versus the control samples. On investigation KrC1-excilamp irradiation influence on the cultures gross bactericidal
effect has been reached. The percentage of survived cells decreased with UV doze increasing to 2 1 -25 mJ/cm2 , but with
further doze increase the part of colonies increased too from 0.1 to 0.4% in experiments with E .coli and from 0.3 to 0.7% in
experiments with S. aureus (Figs. 4,5). The last may be connected with penetration of unintentional cultures into investi-
gated ones with increase of exposure time.

0,9 2,8

- 0,7 ._2,2

. 05 1,6

;03 !i,o-

01 O,4

-0,1 -0,2
18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

U dose. mi/cm2

Fig. 4. The number of survived E. coli cells. Fig. 5. The number of survived S. aureus cells.

CONCLUSION

Thus, a reliable bactericidal effect on Escherichia coli cells irradiation by excilamps has been established. Both on primary
and secondary irradiation there exists the reciprocally proportional dependence between irradiation doze (or exposure time)
and survived cells number. The microorganisms survived after primary irradiation are shown to have not changed sensitivity
to excilamps irradiation. The best results have been obtained during XeBr-excilamp irradiation. Owing to their technical
parameters, the excilamps are promising systems for UV-sterilization.
During the work performed it was clearly defined that radiation of the barrier discharge KrCl-excilamp exerts strong bacte-
ricidal action on the both cultures, namely E.coli and S.aureus. With increase in UV irradiation doze as 21-25 mJ/cm2 the
KrC1-excilamp bactericidal effect became stronger. Hence, increase in exposure time results in increasing of the number of
non-inactivated cells from 0.1 to 0.3% for E .coli, and from 0.4 to 0.7% for S .aureus
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