
Trademark Trial and Appeal Board Electronic Filing System. https://estta.uspto.gov

ESTTA Tracking number: ESTTA1301908

Filing date: 08/04/2023

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE TRADEMARK TRIAL AND APPEAL BOARD

Petition for Cancellation

Notice is hereby given that the following party has filed a petition to cancel the registration indicated below.

Petitioner information

Name Samsung Electronics Co., Ltd.

Entity Limited Company Citizenship Republic of Korea

Address 129, SAMSUNG-RO
YEONGTONG-GU
YONGIN-SI, GYEONGGI-DO, 17113
KOREA, REPUBLIC OF

Attorney informa-
tion

DAVID A. PLUMLEY
LEWIS ROCA ROTHGERBER CHRISTIE LLP
655 NORTH CENTRAL AVENUE
SUITE 2300
GLENDALE, CA 91203
UNITED STATES
Primary email: pto@lewisroca.com
Secondary email(s): dplumley@lewisroca.com, kykim@lewisroca.com,
jbollinger@lewisroca.com
626-795-9900

Docket no. 306492-00028

Registration subject to cancellation

Registration no. 6115619 Registration date 08/04/2020

Register Principal

International re-
gistration no.

NONE International re-
gistration date

NONE

Registrants Rosnes Corporation
5-1, YAMANOUCHIYORO-CHO,
UKYO-KU, KYOTO-SHI KYOTO 615-0081
JAPAN

OPNOUS K.K co., Ltd.
1-5-4, KOJIMACHI,
CHIYODA-KU TOKYO 1020083
JAPAN

Goods/services subject to cancellation

Class 009. First Use: None First Use In Commerce: None
All goods and services in the class are subject to cancellation, namely: Semi-conductors; semicon-
ductor devices; integrated circuits; image sensors

Grounds for cancellation

https://estta.uspto.gov


Abandonment Trademark Act Section 14(3)

Other Non-Use - Trademark Act Section 14(6)

Attachments Petition.pdf(560286 bytes )
Declaration and Exhibits_Part1.pdf(6136517 bytes )
Declaration and Exhibits_Part2.pdf(6212754 bytes )
Declaration and Exhibits_Part3.pdf(865745 bytes )

Signature /Karen Y. Kim/

Name Karen Y. Kim

Date 08/04/2023



121994073.1 
 

 

 
1 

 

 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE TRADEMARK TRIAL AND APPEAL BOARD 
 

In the Matter of Trademark Registration No. 6115619 
For the mark DIAMOND PIXEL (word mark) 
 

SAMSUNG ELECTRONICS CO., LTD., 

Petitioner, 

v. 

ROSNES CORPORATION; and OPNOUS 
K.K CO., LTD.  

Registrants. 

 

Cancellation No. ________ 

PETITION FOR CANCELLATION 

 
 
 Samsung Electronics Co., Ltd. (“Samsung” or “Petitioner”) is a Republic of Korea limited 

company with an address of 129, Samsung-ro, Yeongtong-gu, Yongin-si, Gyeonggi-do, Republic 

of Korea 17113, and who believes that it is being damaged and will continue to be damaged by 

the registration of the word mark DIAMOND PIXEL as show in U.S. Trademark Registration No. 

6,115,619 (the “Registration”) in International Class 9 for “Semi-conductors; semiconductor 

devices; integrated circuits; image sensors” and hereby seeks to cancel the registration. 

 As grounds for cancellation, Petitioner alleges that: 

1. Registrants Rosnes Corporation (“Rosnes”) and Opnous K.K Co., Ltd. 

(“Opnous”) (collectively, “Registrants”) are the owners of United States Trademark Registration 

No. 6,115,619 (the “Registration”) for the mark DIAMOND PIXEL (“Registrants’ Mark”) for “Semi-

conductors; semiconductor devices; integrated circuits; image sensors” in International Class 9.  

The application that later issued as the Registration was filed on January 28, 2020, pursuant to 

Section 66(a) of the Trademark Act (15 U.S.C. §1141f(a)) based on International Registration 
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No. 1522407. As it was based on a Section 66(a) application, the Registration issued on August 

4, 2020, without the Registrants submitting any evidence of use of the trademark in U.S. 

Commerce. 

2. On information and belief, Rosnes is a Japanese corporation. 

3. On information and belief, Opnous is a Japanese limited company. 

4. Petitioner is the owner of United States Trademark Application No. 90/127,492 

(“Petitioner’s Application”) for the mark SAMSUNG DIAMOND PIXEL for “Digital signage display 

panels; Light emitting diode (LED) displays; OLED (Organic light emitting diode) display panels; 

Flat panel display screens; LCD large-screen displays; Flexible flat panel displays for 

computers; Video display screens for portable communications apparatus” in International Class 

9.  Petitioner’s Application was filed on August 20, 2020, on an intent to use basis.  A copy of the 

TESS printout for Petitioner’s Application is attached as Exhibit A. 

5. Petitioner’s Application was refused registration based on an alleged likelihood of 

confusion with the Registrants’ Mark.   

6. On appeal, the Board affirmed such refusal based on Registrants’ Mark.  

Petitioner has sought and obtained an extension of time to appeal or review the decision of the 

Board. 

7. Given the Board’s decision in Petitioner’s Application, Petitioner is being injured 

by the continued existence of the Registration and has standing to petition for its cancellation. 

8. On information and belief, Registrants have never used the Registrants’ Mark in 

U.S. Commerce in connection with “Semi-conductors; semiconductor devices; integrated 

circuits; image sensors.” 

9. On information and belief, Rosnes operates its company website using the 

domain rosnes.jp (the “Rosnes Domain”) which resolves to the homepage for the English 

language website for Rosnes at http://rosnes.jp/en/rosnes-inc/ (the “Rosnes Website”).  

Declaration of Julie Bolliger (“Bolliger Declaration”) ¶ 14.     
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10. On information and belief, Opnous operates its company website using the 

domain opnous.co.jp (the “Opnous Domain”) which resolves to the homepage for the English 

language website for Opnous at https://opnous.co.jp/ (the “Opnous Website”).  Bolliger 

Declaration ¶ 15.   

11. Using the Google search engine, Petitioner conducted an Internet search for 

webpages that include the terms “DIAMOND PIXEL” and “Rosnes.”  The search did not identify 

any evidence of use of the Registrants’ Mark by Rosnes in the United States.  Bolliger 

Declaration ¶¶ 4-9.   

12. Using the Google search engine, Petitioner conducted an Internet search for 

webpages that include the terms “DIAMOND PIXEL” and “Opnous.”  The search did not identify 

any evidence of use of Registrants’ Mark by Opnous in the United States.  Bolliger Declaration 

¶¶ 10-13. 

13. Using the “Advanced Search” feature of the Google search engine, Petitioner 

conducted an Internet search for any occurrences of either of the terms “DIAMOND” or 

“DIAMOND PIXEL” at the Rosnes Domain. The search did not identify any evidence of use of 

the Registrants’ Mark by Rosnes in the United States.  Bolliger Declaration ¶¶ 16, 18-19.   

14. Using the “Advanced Search” feature of the Google search engine, Petitioner 

conducted an Internet search for any occurrences of either of the terms “DIAMOND” or 

“DIAMOND PIXEL” at the Opnous Domain. The search did not identify any evidence of use of 

Registrants’ Mark by Opnous in the United States.  Bolliger Declaration ¶¶ 17, 20.   

15. Using the Wayback Machine at www.archive.org, Petitioner searched for 

archived “snapshots” of webpages having a Uniform Resource Locator (“URL”) with a prefix 

matching that of the Rosnes Website: http://rosnes.jp/en. Upon reviewing snapshots taken 

between August 4, 2020 and August 4, 2023, Petitioner found no evidence that Rosnes had 

used Registrants’ Mark.  Bolliger Declaration ¶¶ 20-21. 
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16. Using the Wayback Machine, Petitioner searched for archived “snapshots” of 

webpages having a Uniform Resource Locator (“URL”) with a prefix matching that of the 

Opnous Website: http://opnous.co.jp. Upon reviewing snapshots taken between August 4, 2020 

and August 4, 2023, Petitioner found no evidence that Opnous had used Registrants’ Mark. 

Bolliger Declaration ¶¶ 23-24. 

CAUSES OF ACTION FOR CANCELLATION 

COUNT I:  PRESUMPTION OF ABANDONMENT BASED ON THREE YEARS OF NON-USE 

17. Petitioner repeats and realleges the allegations of paragraphs 1-16 of the 

petition. 

18. On information and belief, it has been at least three (3) consecutive years since 

the Registration issued as a registration, and during that time, Registrants have never used 

Registrants’ Mark in U.S. Commerce for the goods identified in the Registration. Thus, the 

statutory presumption of abandonment applies pursuant to Section 45 of the Trademark Act (15 

U.S.C. § 1127). 

19. On information and belief, Registrants cannot rebut the statutory presumption of 

abandonment with any evidence of actual use of Registrants’ Mark in U.S. Commerce nor with 

any evidence of intent to resume use of Registrants’ Mark in U.S. Commerce. 

20. By virtue of the foregoing, if Registrants’ Mark is permitted to remain on the 

Principal Register, Petitioner will continue to be damaged, including its ability to secure a 

registration for its SAMSUNG DIAMOND PIXEL mark, and Registrants will enjoy unlawful gain 

and advantage to which it is not entitled under the Lanham Act. 

21. The Registration should be cancelled pursuant to the Trademark Act §§14(3) and 

45 (15 U.S.C. §§ 1064(6) and 1127), and TBMP § 309.03(c)(1) paragraph 13. 

COUNT II: ABANDONMENT WITH NO INTENT TO RESUME USE 

22. Petitioner repeats and realleges the allegations of paragraphs 1-21 of the 

petition. 
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23. On information and belief, Registrants have either never used, or have 

completely ceased using, the Registrants’ Mark in U.S. Commerce in connection with any or all 

of the goods and services identified in the Registration in the United States. 

24. On information and belief, any use that Registrants made of Registrants’ Mark in 

the United States was not a use made in the ordinary course of trade and was merely to reserve 

a right in Registrants’ Mark. 

25. On information and belief, Registrants do not have an intent to resume use of the 

Registrants’ Mark in U.S. Commerce in connection with any or all of the goods identified in the 

Registration in the reasonably foreseeable future. 

26. On information and belief, Registrants have not taken any steps towards a bona 

fide use of the Registrants’ Mark in U.S. Commerce in connection with any or all of the goods 

identified in the Registration in the United States. 

27. By virtue of the foregoing, if Registrants’ Mark is permitted to remain on the 

Principal Register, Petitioner will continue to be damaged, including its ability to secure a 

registration for its SAMSUNG DIAMOND PIXEL mark, and Registrants will enjoy unlawful gain 

and advantage to which it is not entitled under the Lanham Act. 

28. The Registration should be cancelled pursuant to the Trademark Act §§14(3) and 

45 (15 U.S.C. §§ 1064(6) and 1127), and TBMP § 309.03(c)(1) paragraph 13. 

COUNT III: EXPUNGEMENT FOR NON-USE 

29. Petitioner repeats and realleges the allegations of paragraphs 1-28 of the 

petition. 

30. The Registration issued on August 4, 2020 pursuant to Section 66(a) of the 

United States Trademark Act and is now at least three years old. 

31. On information and belief, Registrants have not used Registrants’ Mark in U.S. 

Commerce in connection with any of the goods identified in the Registration at any time since 

the Registration issued. 
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32. On information and belief, no special circumstances exist that excuse such non-

use. 

33. The Registration should be cancelled in whole on the grounds of expungement 

pursuant to the Trademark Act §14(6) (15 U.S.C. §1064(6)), and TBMP § 307.03, TBMP § 

309.03(c)(1) paragraph 28, as Registrants have never used the Registrants’ Mark in U.S. 

Commerce in connection with any of the goods recited in the Registration at any time since the 

Registration issued. 

WHEREFORE, Petitioner prays that this Petition for Cancellation be sustained in favor of 

Petitioner and that U.S. Registration No. 6,115,619 be cancelled in its entirety. 

 

Respectfully submitted, 
 
LEWIS ROCA ROTHGERBER CHRISTIE LLP 
 

Date:   August 4, 2023  By   /Karen Y. Kim/  
David A. Plumley 
Karen Y. Kim 
Attorneys for Petitioner 
P.O. Box 29001 
Glendale, CA 91209-9001 
(626) 795-9900 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE TRADEMARK TRIAL AND APPEAL BOARD 

 
In the Matter of Trademark Registration No. 6115619 
For the mark DIAMOND PIXEL (word mark) 
 

SAMSUNG ELECTRONICS CO., LTD., 

Petitioner, 

v. 

ROSNES CORPORATION; and OPNOUS 
K.K CO., LTD.  

Registrants. 

 

Cancellation No. ________ 

DECLARATION OF JULIE BOLLIGER 

 

 I, Julie Bolliger, am competent to testify to the matters set forth herein and declare and 

state as follows:  

1. I am submitting this Declaration in support of Samsung Electronics Co., Ltd.’s Petition for 

Cancellation regarding the trademark DIAMOND PIXEL, Reg. No. 6115619, (the “Registration”) 

jointly owned by Rosnes Corporation (“Rosnes”) and OPNOUS K.K co., Ltd. (“Opnous.”)  

2. I am a paralegal at Lewis Roca Rothgerber Christie LLP. My main focus of work is 

intellectual property and am familiar with the fundamentals of U.S. trademark law. 

3. Except as otherwise indicated, the facts set forth herein are known personally to me or 

are being provided on information and belief.  

4. Using the Google search engine, I conducted an Internet search for webpages that 

include both of the terms “diamond pixel” and “rosnes.” A printout of the search results for this 

search is attached as Exhibit 1 and it is my conclusion that this search did not reveal any 
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trademark use of the DIAMOND PIXEL trademark by Rosnes. I explain each result from that 

search in the following paragraphs. 

5. Website: https://trademarks.justia.com/owners/rosnes-corporation-2120629/. This 

webpage lists U.S. trademark applications or registrations owned or co-owned by Rosnes and 

identifies the Registration but fails to show any use of DIAMOND PIXEL as a trademark by 

Rosnes in connection with the goods of the Registration. See Exhibit 2. 

6. Website: https://uspto.report/TM/88869753. This webpage shows the trademark 

application details for DIAMOND PIXEL, Ser. No. 88869753 (filed by Samsung Display Co., 

Ltd.) and also lists information about the Registration but fails to show any use of DIAMOND 

PIXEL as a trademark by Rosnes in connection with the goods of the Registration. See Exhibit 

3. 

7. Website: https://doras.dcu.ie/22520/1/PFONeill_Aug2018.pdf. This webpage links to a 

PhD submission paper by Paul Francis O’Neill at Dublin City University, School of Mechanical 

and Manufacturing Engineering, entitled “Internal void fabrication via mask projection micro-

stereolithography: A rapid repeatable microfluidic prototyping technique.” Because this paper is 

235 pages long, Exhibit 4 includes only the introductory portions through the abstract and those 

pages that include either “diamond pixel” or “Rosnes.” The paper includes the term “diamond 

pixel” in what appears to be a descriptive way, and also includes three footnotes to other articles 

that appear to be authored by a person with the surname “Rosnes.” However, this paper fails to 

show any use of DIAMOND PIXEL as a trademark by Rosnes in connection with the goods of 

the Registration. See Exhibit 4. 

8. Website: https://www.houjin.info/details/1130001028431. This website appears to be in 

Japanese, providing company information about Rosnes including information about the 

Registration but fails to show any use of DIAMOND PIXEL as a trademark by Rosnes in 

connection with the goods of the Registration. See Exhibit 5. 
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9. Website: https://okashik.atype.jp/redirect.php?action=url&goto=lautestfast.tk/iavzdoh372 

okashikatypejpmini3  This page does not load.  See Exhibit 6. 

10. Using the Google search engine, I conducted an Internet search of the terms “diamond 

pixel” and “opnous.” A printout of the search results for this search is attached as Exhibit 7 and 

it is my conclusion that this search did not reveal any trademark use of the DIAMOND PIXEL 

trademark by Opnous. I explain each result from that search in the following paragraphs. 

11. Website: https://uspto.report/TM/88869753. This webpage shows the trademark 

application details for DIAMOND PIXEL, Ser. No. 88869753 (filed by Samsung Display Co., 

Ltd.) and also lists information about the Registration but fails to show any use of DIAMOND 

PIXEL as a trademark by Opnous in connection with the goods of the Registration. See 

Exhibit 8. 

12. Website: https://trademarks.justia.com/owners/rosnes-corporation-2120629/. This 

webpage lists U.S. trademark applications or registrations owned or co-owned by Opnous and 

identifies the Registration but fails to show any use of DIAMOND PIXEL as a trademark by 

Opnous in connection with the goods of the Registration. See Exhibit 9. 

13. Website: https://www.houjin.info/detail/2010001178766/. This website appears to be in 

Japanese, providing company information about Opnous including information about the 

Registration but fails to show any use of DIAMOND PIXEL as a trademark by Opnous in 

connection with the goods of the Registration. See Exhibit 10. 

14. Using the Google search engine, I searched for the term “Rosnes Corporation” and from 

that search, I believe that the domain name for the website operated by Rosnes is rosnes.jp (the 

“Rosnes Domain.”) That domain resolves to the homepage for what I believe is the English 

language website for Rosnes at http://rosnes.jp/en/rosnes-inc/ (the “Rosnes Website.”) A 

printout of the homepage for the Rosnes Website is attached as Exhibit 11. 

15. Using the Google search engine, I searched for the term “Opnous Co” and from that 

search, I believe that the domain name for the website operated by Opnous is opnous.co.jp (the 
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“Opnous Domain.”) That domain resolves to the homepage for what I believe is the English 

language website for Opnous at https://opnous.co.jp/ (the “Opnous Website.”) A printout of the 

homepage for the Opnous Website is attached as Exhibit 12. 

16. Using the Google “Advanced Search” search engine, I searched for any occurrences of 

the term “diamond pixel” at the Rosnes Domain with no results. A printout of the result page for 

that search is attached as Exhibit 13. 

17. Using the Google “Advanced Search” search engine, I searched for any occurrences of 

the term “diamond pixel” at the Opnous Domain with no results. A printout of the result page for 

that search is attached as Exhibit 14. 

18. Using the Google “Advanced Search” search engine, I searched for any occurrences of 

the term “diamond” at the Rosnes Domain with one result. A printout of the result page for that 

search is attached as Exhibit 15. 

19. The one result from the Google “Advanced Search” for occurrences of “diamond” at the 

Rosnes Domain is: http://www.rosnes.jp/kigyou_en.html. This appears to be a webpage that 

mentions the company “Mitsuboshi [sic] Diamond industrial” but includes no use of DIAMOND 

or DIAMOND PIXEL as a trademark by Rosnes in connection with the goods of the Registration. 

See Exhibit 16.  

20. Using the Google “Advanced Search” search engine, I searched for any occurrences of 

the term “diamond” at the Opnous Domain with no results. A printout of the result page for that 

search is attached as Exhibit 17. 

21. Using the Wayback Machine at www.archive.org, I searched for archived “snapshots” of 

Uniform Resource Locators (“URLs”) with the prefix http://rosnes.jp/en (the “Rosnes URL Prefix 

Search.”)  According to the results of the Rosnes URL Prefix Search, 22 different URLs with that 

prefix had been captured, some with multiple captures. See Exhibit 18. 
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22. I then reviewed each capture from the Rosnes URL Prefix Search with a capture date 

between August 4, 2020 and the date of this Declaration, and found no occurrences of either of 

the terms “DIAMOND” or “DIAMOND PIXEL” at any of those captures. 

23. Using the Wayback Machine, I searched for archived “snapshots” of URLs with the prefix 

https://opnous.co.jp (the “Opnous URL Prefix Search.”)  According to the results of the Opnous 

URL Prefix Search, 5 different URLs with that prefix had been captured, some with multiple 

captures. See Exhibit 19. 

24. I then reviewed each capture from the Opnous URL Prefix Search with a capture date 

between August 4, 2020 and the date of this Declaration, and found no occurrences of either of 

the terms “DIAMOND” or “DIAMOND PIXEL” at any of those captures. 

 I declare under penalty of perjury of the laws of the United States of America that the 

foregoing is true and correct.  

EXECUTED this 4th day of August, 2023 at Phoenix, Arizona, United States of America. 

By: /Julie Bolliger/      
 Julie Bolliger, Paralegal 
 LEWIS ROCA ROTHGERBER CHRISTIE LLP 
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USPTO Trademarks Patents Copyright Search 
report 

The trademark application has been accepted by the Office (has met the minimum filing requirements) and has not yet been assigned to an examiner. 

Research ©) \) Ge % OneLook Acronym Finder 

Serial Number 88869753 

Registration Number 6422005 

Mark Literal Elements DIAMOND PIXEL 

Mark Drawing Type 4- STANDARD CHARACTER MARK 

Mark Type Trademark 

Current Location NEW APPLICATION PROCESSING 2020-04-16 

Basis 44(e) 

Class Status ACTIVE 

Primary US Classes 
021: Electrical Apparatus, Machines and Supplies 

023: Cutlery, Machinery, Tools and Parts Thereof 

026: Measuring and Scientific Appliances 

036: Musical Instruments and Supplies 

038: Prints and Publications 

Pri International Cl rimary International Class 009 - Primary Class 

(Electrical and scientific apparatus) Scientific, nautical, surveying, 

electric, photographic, cinematographic, optical, weighing, measuring, 

signaling, checking (supervision), lifesaving and teaching apparatus 

and instruments; apparatus for recording, transmission or 

reproduction of sound or images; magnetic data carriers, recording 

discs; automatic vending machines and mechanisms for coin 

operated apparatus; cash registers, calculating machines, data 

processing equipment and computers; fire-extinguishing apparatus. 

Filed Use No 

Current Use No 

Intent To Use No 

Filed ITU No 

44D Filed No 

44E Current Yes 

66A Current No 

Current Basis No 

No Basis No 

Attorney Name David A. Plumley 

Attorney Docket Number 188997 

Timeline

Document title: DIAMOND PIXEL - Samsung Display Co., Ltd. Trademark Registration
Capture URL: https://uspto.report/TM/88869753
Capture timestamp (UTC): Fri, 04 Aug 2023 17:53:01 GMT Page 2 of 5

https://uspto.report/TM/88869753


USPTO Trademarks Patents Copyright Search 
report 

The trademark application has been accepted by the Office (has met the minimum filing requirements) and has not yet been assigned to an examiner. 

Research ©) \) Ge % OneLook Acronym Finder 

Serial Number 88869753 

Registration Number 6422005 

Mark Literal Elements DIAMOND PIXEL 

Mark Drawing Type 4- STANDARD CHARACTER MARK 

Mark Type Trademark 

Current Location NEW APPLICATION PROCESSING 2020-04-16 

Basis 44(e) 

Class Status ACTIVE 

Primary US Classes 
021: Electrical Apparatus, Machines and Supplies 

023: Cutlery, Machinery, Tools and Parts Thereof 

026: Measuring and Scientific Appliances 

036: Musical Instruments and Supplies 

038: Prints and Publications 

Pri International Cl rimary International Class 009 - Primary Class 

(Electrical and scientific apparatus) Scientific, nautical, surveying, 

electric, photographic, cinematographic, optical, weighing, measuring, 

signaling, checking (supervision), lifesaving and teaching apparatus 

and instruments; apparatus for recording, transmission or 

reproduction of sound or images; magnetic data carriers, recording 

discs; automatic vending machines and mechanisms for coin 

operated apparatus; cash registers, calculating machines, data 

processing equipment and computers; fire-extinguishing apparatus. 

Filed Use No 

Current Use No 

Intent To Use No 

Filed ITU No 

44D Filed No 

44E Current Yes 

66A Current No 

Current Basis No 

No Basis No 

Attorney Name David A. Plumley 

Attorney Docket Number 188997 

Timeline

Document title: DIAMOND PIXEL - Samsung Display Co., Ltd. Trademark Registration
Capture URL: https://uspto.report/TM/88869753
Capture timestamp (UTC): Fri, 04 Aug 2023 17:53:01 GMT Page 3 of 5

https://uspto.report/TM/88869753


USPTO Trademarks Patents Copyright Search 
report 

Attorney Name David A. Plumley 

Attorney Docket Number 188997 

Timeline 

2014-07-04 Trademark Registered 

2020-04-13 Application Filed 

2020-04-16 Location: NEW APPLICATION PROCESSING 

2020-04-16 Status: Live/Pending 

2020-04-16 Status: New application will be assigned to an examining attorney 

approximately 3 months after filing date. 

2020-04-16 Transaction Date 

2021-07-13 Trademark Registered 

Trademark Parties (Applicants & Owners) 

Party: ® Samsung Display Co., Ltd. 

Address 1, Samsung-ro, Giheung-gu Yongin-si, Gyeonggi-do KOREA, REPUBLIC 

OF 17113 

Legal Entity Type Limited Company (Itd.) 

Legal Entity State KOREA, REPUBLIC OF 

View Manual (PDF) 

Start Download. 

View Manual View Manual (PDF) 

  

Start Now >> 

Manuals Library 

Documents 

  

© -epiication MULTI 2020-04-13

Document title: DIAMOND PIXEL - Samsung Display Co., Ltd. Trademark Registration
Capture URL: https://uspto.report/TM/88869753
Capture timestamp (UTC): Fri, 04 Aug 2023 17:53:01 GMT Page 4 of 5

https://uspto.report/TM/88869753


USPTO Trademarks Patents Copyright 
report 

wruvuy 

D10000 

ove 

"PIXEL" 

  

Trademark Filing History 

Description Date 

NEW APPLICATION ENTERED IN TRAM 2020-04-16 

Similar Marks 

Mark Image 

Registration | Serial 

DIAMOND PIXEL 

DIAMOND PIXEL 

Diamond Pixe 
Jamon at 
| | 79281958 || not registered | Live/Pending 

| f ALO 
DIAMOND PIXEL 

      

Proceeding Number 

Company 

Samsung Display Co., Ltd. 

Samsung Display Co., Ltd. 

Samsung Display Co., Ltd. 

Rosnes Corporation 

OPNOUS K.K co., Ltd. 

Trademark 

Application Date 

2021-08-04 

2020-04-13 

2022-12-05 

2020-01-28 

2020-01-28 

uspto.report is an independent third-party trademark research tool that is not affiliated, endorsed, or sponsored by the United States Patent and Trademark Office (USPTO) or 

any other governmental organization. The information provided by uspto.report is based on publicly available data at the time of writing and is intended for informational 

purposes only. 

While we strive to provide accurate and up-to-date information, we do not guarantee the accuracy, completeness, reliability, or suitability of the information displayed on this 

site. The use of this site is at your own risk. Any reliance you place on such information is therefore strictly at your own risk. 

All official trademark data, including owner information, should be verified by visiting the official USPTO website at www.uspto.gov. This site is not intended to replace 

professional legal advice and should not be used as a substitute for consulting with a legal professional who is knowledgeable about trademark law. 

© 2023 USPTO.report | Privacy Policy | Resources | | ¥ 

t

Document title: DIAMOND PIXEL - Samsung Display Co., Ltd. Trademark Registration
Capture URL: https://uspto.report/TM/88869753
Capture timestamp (UTC): Fri, 04 Aug 2023 17:53:01 GMT Page 5 of 5

https://uspto.report/TM/88869753


EXHIBIT 4 
  



Geregle https://doras.dcu.ie/22520/1/PFONeill_Aug2018 X 8B 

Images Videos Maps Shopping Books News Flights Finance 

About 2 results (0.27 seconds) 

B Dublin City University 
https://doras.dcu.ie » PFONeill_Aug2018 PDF 

Internal void fabrication via mask projection micro ...- DORAS 

by PF O'Neill - 2018 - Cited by 4 — In terms of microfluidic device prototyping, VP methods 

present an inherent advantage over other lithographic methods (i.e. photolithography and soft ... 

235 pages 

Bi uao.edu.co 

https://red.uao.edu.co > bitstream > handle PDF 

design of a multivariable control system for an additive 

by FJM RIVERA — system is its capability to adapt to three different techniques, i.e., laser metal 

... Available: https://doras.dcu_ie/22520/1/PFONeill_Aug2018 pdf. 

@ Southern United States - Based on your past activity - Update location 

More options in Quick settings (£3) 

All filters ~ Tools SafeSearch v

Document title: https://doras.dcu.ie/22520/1/PFONeill_Aug2018.pdf. - Google Search
Capture URL: https://www.google.com/search?q=https://doras.dcu.ie/22520/1/PFONeill_Aug2018.pdf.
Capture timestamp (UTC): Fri, 04 Aug 2023 17:56:55 GMT Page 1 of 1

https://doras.dcu.ie/22520/1/PFONeill_Aug2018.pdf. - Google Search
https://www.google.com/search?q=https://doras.dcu.ie/22520/1/PFONeill_Aug2018.pdf.


 

 

Internal void fabrication via mask 
projection micro-stereolithographyμ 

A rapid repeatable microfluidic 
prototyping technique 

 

Paul Francis O’Neill, B.A., B.A.I 

 

submitted as part of the degree of Philosophiæ Doctor (PhD) 

from 

Dublin City University, 

School of Mechanical and Manufacturing Engineering 

 

Supervisor: Prof. Dermot Brabazon 

Co-supervisor: Prof. Dermot Diamond 

 

August 2018



i 

 

Declaration 

I hereby certify that this material, which I now submit for assessment on the 

programme of study leading to the award of PhD, is entirely my own work, and that I 

have exercised reasonable care to ensure that the work is original, and does not to the 

best of my knowledge breach any law of copyright, and has not been taken from the 

work of others save and to the extent that such work has been cited and acknowledged 

within the text of my work. 

 

Signed:  (Paul O’Neill) ID No.: 14210071 Date:   



iii 

 

List of Publications 

Journal Papers 

O’Neill P. F., Ben Azouz, A., Vázquez, M., Liu, J., Marczak, S., Slouka, Z., Chang, 

H. C., Diamond, D., Brabazon, D., Advances in three-dimensional rapid prototyping 

of microfluidic devices for biological applications, Biomicrofluidics 8, 052112 

(2014).1 

O’Neill, P., Jolivet, L., Kent, N. J. & Brabazon, D. Physical integrity of 3D printed 

parts for use as embossing tools. Adv. Mater. Process. Technol. 698, 1–10 (2017).2 

Kent, N. J., Jolivet, L., O’Neill, P. & Brabazon, D. An evaluation of components 

manufactured from a range of materials, fabricated using PolyJet technology. Adv. 

Mater. Process. Technol. 698, 1–12 (2017).3 

International Peer Reviewed Conference Papers 

O’Neill, P. F., Kent, N., Brabazon, D., Mitigation and control of the overcuring effect 

in mask projection micro-stereolithography, Proceedings of the 20th International 

ESAFORM Conference on Material Forming, ESAFORM 20174 

O’Neill, P., Barrett, A., Sullivan, T., Regan, F., Brabazon, D., Rapid prototyped 

biomimetic antifouling surfaces for marine applications, Advances in Functional 

Materials (AFM 2015)5 

McCann, R., Freeland, B., O’Neill, P., “Nanoparticle Fabrication via Pulsed Laser 

Ablation in Liquid: A Step Towards Production Scale-up”, Proceedings of the 20th 

International ESAFORM Conference on Material Forming, ESAFORM 2017 

Oral Presentations 

O’Neill P. F., Vázquez, M., Liu, J., Marczak, S., Chang, H. C., Diamond, D., 

Brabazon, D., Direct fabrication methods for high pressure micro-total analysis 

systems, Advances in Microfluidics & Nanofluidics (AMN), Academia Sinica, 

Taiwan, R.O.C, May 2014 

O’Neill, P. F., Kent, N., Brabazon, D., Mitigation and control of the overcuring effect 

in mask projection micro-stereolithography, 20th International ESAFORM Conference 

on Material Forming, Dublin City University, April 2017 



iv 

 

McCann, R., Freeland, B., O’Neill, P., “Nanoparticle Fabrication via Pulsed Laser 

Ablation in Liquid: A Step Towards Production Scale-up”, 20th International 

ESAFORM Conference on Material Forming, ESAFORM 2017 

Brabazon, D., O’Neill, P., McCann, R., Groarke, R., “Photonic assisted fabrication of 

advanced liquid UTLC and modular SPE chromatographic platforms”, 31st 

International Symposium on Chromatography, 28 Aug – 1 Sept 2016, Cork, Ireland 

Poster Presentations 

O’Neill, P. F., Vázquez, M., Liu, J., Diamond, D., Brabazon, D., Direct fabrication 

methods for micro-total analysis systems, 9th International Conference on Surfaces, 

Coatings and Nanostructured Materials (NANOSMAT Dublin), Trinity College 

Dublin, September 2014 

O’Neill, P. F., Kent, N., Brabazon, D., Mitigation and control of the overcuring effect 

in mask projection micro-stereolithography, Dublin City University Faculty Research 

Day, January 2017 

 



v 

 

Contents 

Declaration .................................................................................................................... i 

List of Publications .................................................................................................... iii 

Contents ....................................................................................................................... v 

List of figures .............................................................................................................. ix 

List of tables .............................................................................................................. xix 

List of Abbreviations................................................................................................. xxi 

List of Symbols ...................................................................................................... xxiii 

Acknowledgements .................................................................................................. xxv 

Dedication .............................................................................................................. xxvii 

Abstract ........................................................................................................................ 1 

Chapter 1 Introduction ............................................................................................ 3 

1.1 Overview ....................................................................................................... 3 

1.2 Objectives ...................................................................................................... 5 

1.2.1 Thesis outline ......................................................................................... 5 

Chapter 2 Literature review .................................................................................... 7 

2.1 Microfluidics ................................................................................................. 7 

2.1.1 A brief history of microfluidics.............................................................. 8 

2.1.2 Applications of microfluidic devices ................................................... 10 

2.2 Traditional microfluidic materials and fabrication methods ....................... 11 

2.2.1 Materials ............................................................................................... 11 

2.2.2 Fabrication methods ............................................................................. 12 

2.2.2.1 Replication methods ..................................................................... 12 

2.2.2.2 Chip bonding................................................................................. 16 

2.2.2.3 Direct fabrication methods............................................................ 18 

2.3 3D printed microfluidic devices .................................................................. 21 

2.3.1 Fused Filament Fabrication (FFF) ....................................................... 21 

2.3.1.1 Microfluidic applications .............................................................. 22 

2.3.2 Ink-jet 3D printing (i3DP) .................................................................... 23 

2.3.2.1 Microfluidic applications .............................................................. 25 

2.3.3 Powder bed technologies...................................................................... 26 

2.3.3.1 Microfluidic applications .............................................................. 28 

2.3.4 Vat photopolymerisation (VP) ............................................................. 28 



vi 

 

2.3.4.1 VP configurations ......................................................................... 29 

2.3.4.2 Microfluidic applications .............................................................. 34 

2.3.5 Summary .............................................................................................. 36 

2.4 Photopolymerisation process modelling ..................................................... 37 

2.4.1 Photopolymer materials ....................................................................... 37 

2.4.2 Photopolymer curing kinetics .............................................................. 40 

2.4.3 Overcure ............................................................................................... 43 

2.5 Summary ..................................................................................................... 45 

Chapter 3 3D printed microfluidic chip for biological sample pre-treatment ...... 47 

3.1 Introduction ................................................................................................. 48 

3.2 Materials and Methods ................................................................................ 50 

3.2.1 Protocol design..................................................................................... 50 

3.2.2 Chip design .......................................................................................... 50 

3.2.3 Fabrication of the 3D printed pre-treatment device ............................. 51 

3.2.4 Sample preparation .............................................................................. 53 

3.2.5 Solid phase extraction .......................................................................... 55 

3.3 Results and discussion ................................................................................. 56 

3.4 Conclusions ................................................................................................. 61 

Chapter 4 Microfluidic chip fabrication via Mask Projection micro-

Stereolithography: An evaluation .............................................................................. 63 

4.1 Introduction ................................................................................................. 63 

4.2 Materials and methods ................................................................................ 64 

4.2.1 Chip design and fabrication ................................................................. 64 

4.2.2 3D printed microfluidic fittings ........................................................... 68 

4.3 Results and discussion ................................................................................. 69 

4.3.1 Dimensional analysis ........................................................................... 69 

4.3.2 Characterisation of the overcuring effect ............................................. 73 

4.3.3 Burst pressure test ................................................................................ 74 

4.3.4 Plasma treatment .................................................................................. 76 

4.4 Conclusions ................................................................................................. 77 

Chapter 5 A new design algorithm for mitigation of the overcuring effect in Mask 

Projection micro-Stereolithography ........................................................................... 79 

5.1 Introduction ................................................................................................. 79 



vii 

 

5.2 Theory ......................................................................................................... 81 

5.3 Mathematical model .................................................................................... 82 

5.3.1 Internal void formation – Theory ......................................................... 87 

5.3.2 Total optical dose for a multi-layered part ........................................... 90 

5.3.3 Modelling of an embedded channel ..................................................... 94 

5.3.4 3D model .............................................................................................. 95 

5.4 Predictive design algorithm ......................................................................... 97 

5.4.1 CAD design and slicing ....................................................................... 97 

5.4.2 Generation of ߜ array ........................................................................... 98 

5.4.3 Implementation of the predictive design algorithm ............................. 98 

5.5 Results and Discussion .............................................................................. 104 

5.6 Conclusions ............................................................................................... 112 

Chapter 6 Model verification .............................................................................. 113 

6.1 Introduction ............................................................................................... 113 

6.2 Materials and methods ............................................................................... 114 

6.2.1 3D printer ........................................................................................... 114 

6.2.2 Materials ............................................................................................. 116 

6.2.3 Resin optical absorbance .................................................................... 117 

6.2.4 Measurement of experimental constants ............................................ 118 

6.2.5 Experimental validation of exposure times ........................................ 126 

6.2.6 Experimental design ........................................................................... 127 

6.2.7 CAD models ....................................................................................... 128 

6.2.8 Predictive model................................................................................. 133 

6.2.9 Printing and part development ........................................................... 134 

6.3 Results and discussion ............................................................................... 135 

6.3.1 Modified versus unmodified builds ................................................... 135 

6.3.2 Channel height prediction .................................................................. 139 

6.4 Conclusions ............................................................................................... 157 

Chapter 7 Conclusions ........................................................................................ 159 

7.1 Conclusions ............................................................................................... 159 

7.2 Suggested future work ............................................................................... 161 

References ................................................................................................................ 163 



ix 

 

List of figures 

Figure 2.1. Schematic diagram of the concept of an ideal sensor, a ‘total chemical 

analysis system’ (TAS) and a ‘miniaturised total chemical analysis system’ 

(ȝ-TAS) adapted from the 1990 publication by Manz et al.31. ...................... 9 

Figure 2.2. A Venn diagram showing the relationship between the different micro-

scale device categories. ................................................................................ 10 

Figure 2.3. Fabrication of microfluidic channels in PDMS via soft lithography as 

reported by Duffy et al 34. The soft lithography technique represents the first 

step toward rapid prototyping of microfluidic devices. ............................... 14 

Figure 2.4. An injection moulded, disposable LoaC device for applications in clinical 

diagnostics and point-of-care testing61......................................................... 16 

Figure 2.5. SEM images of a microchannel demonstrating the smoothing effect of 

exposure to a solvent vapour; (A) PMMA post-milling; (B) PMMA after 4 

min chloroform solvent vapour and 30 min 60°C heat cycle; (C) COC post-

milling (D) COC after 4 min cyclohexane solvent vapour and 30 min 60°C 

heat cycle40. .................................................................................................. 17 

Figure 2.6. Microfluidic chip fabrication via xurography84. ...................................... 19 

Figure 2.7. Direct-write fabrication of 3D microstructures inside photosensitive glass 

via femtosecond laser ablation, adapted from 93. (A) Femtosecond laser direct 

writing; (B) heat treatment, 505°C 1hr - 605°C 1hr; (C) ultrasonic etching in 

10% hydrofluoric acid solution. ................................................................... 20 

Figure 2.8. The fused filament fabrication (FFF) 3D printing process6..................... 22 

Figure 2.9. The PolyJet 3D printing technique (Stratasys Objet), adapted from 2. .... 24 

Figure 2.10. Microfluidic chip integrating membrane inserts111. .............................. 25 

Figure 2.11. Microfluidic chip for electrochemical detection: A-B) schematic of the 

chip showing threaded ports; C) picture showing alignment of both working 

and pseudo-reference electrodes within the channel; D) picture showing the 

chip connected to the syringe pump112......................................................... 26 

Figure 2.12. Schematic of the SLM process113. ......................................................... 27 

Figure 2.13. Schematic outline of the three main approaches to vat 

photopolymerisation, adapted from118. (A) The laser vector scanning (free 

surface) method developed by Hull119, (B) the mask projection (constrained 



x 

 

surface) method common in modern desktop 3D printers and (C) the two-

photon approach. .......................................................................................... 30 

Figure 2.14. Representation of a digital micromirror device (DMD) as used in many 

modern desktop mask-projection stereolithography systems6. The incoming 

light source is filtered and collimated before being reflected (or masked) in a 

pattern by the DMD. Depending on the reflect/mask (on/off) state of the 

individual DMD pixels, the light is either deflected to a light dump or through 

the projection optics and onto the substrate surface. ................................... 31 

Figure 2.15. The CLIP vat photopolymerisation method enabling continuous 

fabrication of 3D objects. (A) Schematic of the CLIP printer, the part can be 

built continuously due to the oxygen-permeable window, (B) a gyroid (left) 

and an argyle (right) build at speeds of 500 mm/hour, and (C) ramp test 

patterns built at the same speed but with different model slicing thicknesses 

(100 ȝm, 25 ȝm, and 1 ȝm). ........................................................................ 33 

Figure 2.16. Optically transparent microfluidic mixer chip integrating 10-32 threads8.

 ..................................................................................................................... 34 

Figure 2.17. Characterisation of the MiiCraft DLP 3D printer by Shallan et al.8. The 

3D printer is capable of producing repeatable external features of 200 ȝm, 

internal microfluidic channels below 250 ȝm are difficult to produce due to 

overcuring of the polymer resin. .................................................................. 35 

Figure 2.18. Polymer types; (A) linear, (B) branched, and (C) cross-linked, adapted 

from118. ......................................................................................................... 38 

Figure 2.19. Free-radical photopolymerisation, adapted from133. ............................. 39 

Figure 2.20. The semi-reacted green state of the layer interface enables layers to 

covalently bond together, adapted from133. Image shows build direction (z), 

and layer number (n). ................................................................................... 40 

Figure 2.21. Photopolymer resin working curve of cure depth vs. exposure energy. 

Image from Gibson et al.118. ........................................................................ 42 

Figure 2.22. Layer-by-layer fabrication process for a microchannel oriented vertically 

and horizontally on the MPµSL build platform, adapted from12. The resulting 

microfluidic channel height is considerably smaller than the input channel 

height for the channel oriented horizontally on the build platform due to 



xi 

 

overcuring of the resin material inside the channel. Overcure does not occur 

in the channel oriented vertically. ................................................................ 43 

Figure 2.23. SEM images of micro-fans fabricated via MPȝSL in an acrylate-based 

photopolymer material; (A) 0.0  and (B) 0.05 % (w/w) Tinuvin 32713. The 

effect of poor depth resolution in the z-plane can be seen in (A). This is 

overcome by doping the photopolymer resin with Tinuvin 327 in (B). ...... 44 

Figure 3.1. The chaotropic binding process. Negatively charged nucleic acid 

molecules bind to the negatively charged silica in the presence of positive 

ions (chaotropic salts). ................................................................................. 48 

Figure 3.2. A) Qiagen RNeasy kit RNA purification procedure and B) the modified 

RNA purification assay used in this study. Samples can be used for sensing 

and amplification downstream applications................................................. 50 

Figure 3.3. The SPE packing weir was oriented to benefit from higher resolution of 

the MPµSL printing process in the horizontal (x-y) plane. (A) CAD rendering 

of the SPE chip with integrated weir and (B) and microscope image of the 

chip cross-section taken using a Keyence VHX-2000 digital microscope. The 

integrated packing weir has a total diameter of 136 µm. ............................. 51 

Figure 3.4. Solid phase extraction column with integrated luer-lock fitting packed with 

SiO2 particles. .............................................................................................. 53 

Figure 3.5. Procedure for cell lysis and aqueous phase extraction. Standard procedure 

(A) and modified procedure for field-based applications (B). ..................... 54 

Figure 3.6. Solid phase extraction protocol. .............................................................. 55 

Figure 3.7. Initial verification of the pre-treatment protocol using a packed silica 

column and lysed E. coli cells. Lanes (L-R) include: (1) ribo ruler 6000-

200bp; (2) aqueous phase loading buffer eluent; (3) first 40 µl DEPC water 

buffer elution; (4) second 40 µl DEPC water buffer elution; and (5) third 80 

µl DEPC water buffer elution. ..................................................................... 56 

Figure 3.8. Elution profile as a percentage of total RNA measured, with corresponding 

RNA sample concentration (ng/µl). The bulk of the 16S and 5S RNA strands 

elute in the first 100 µl aliquot of elution buffer (eluate 1). The RNA (Brucella 

neotomae) elution profile was quantified using qRT-PCR to determine 

concentration of 16S and 5S RNA amplicons. ............................................ 57 



xii 

 

Figure 3.9. Eluent conductivity before, during, and after the wash step using two 

different wash buffers: 2-Propanol; and 70%Ethanol+TE. DEPC-treated H2O 

was used as a control, simulating a scenario in which no wash buffer is used.  

Sample conductivity was reduced below 2 mS/cm after only 100 µl wash 

using 70%Ethanol+TE. ................................................................................ 58 

Figure 3.10. Wash buffer volume optimisation using two different volumes of IPA 

wash solution. Lanes (L-R): (1) Ribo ruler 6000-200bp; (2) control sample; 

sample 1 (lanes 3-6): (3) aqueous phase loading buffer eluent; (4) 250 µl wash 

buffer eluent; (5) elution 1; (6) elution 2; sample 2 (lanes 7-9): (7) aqueous 

phase loading buffer eluent; (8) 500 µl wash buffer eluent; (9) elution 1. All 

samples are E. coli RNA. ............................................................................. 59 

Figure 3.11. Graph of percentage RNA washed through during the column loading 

stage versus total Brucella neotomae cells loaded. A higher percentage of 

RNA is lost for larger cell numbers due to column saturation. ................... 60 

Figure 4.1: Microfluidic chip design for characterisation of MiiCraft HR 3D printer.

 ..................................................................................................................... 65 

Figure 4.2: Six orientations (A-F) based on Euler’s angles. Building in six orientations 

enabled characterisation of the internal fluidic channels and print resolution 

along each plane in X, Y and Z. Orientations A-D contain channels oriented 

horizontally (parallel to the build platform) while orientations E and F contain 

channels built vertically (normal to the build platform). ............................. 67 

Figure 4.3. CAD model of microfluidic chip with female threaded 10-32 ferrule 

fittings for burst pressure testing. One end of the chip was blocked using a 

blank 10-32 fitting during testing. ............................................................... 68 

Figure 4.4: Mean height (diameter) of circular and square channels at each orientation 

A-F. Vertical channel orientations E and F consistently show close 

correlation with the input dimension. All dimensions were measured at the 

channel outlet. Error bars show 80% confidence interval (CI) (� = ͵). ..... 70 

Figure 4.5. Circular and square cross-section microfluidic channels printed via 

MPȝSL. Input channel dimension for circular and square channels was 750 

µm diameter and side length respectively. Horizontal orientations A-D are 

poorly defined showing in a higher variance in channel dimension with most 

prints resulting in blocked channels. Vertical orientations E and F are well 



xiii 

 

defined showing less variation in channel dimension and greater agreement 

with the input channel dimensions. .............................................................. 71 

Figure 4.6. Increasing the number of enclosing layers results in a greater degree of 

overcuring. (A) Raw images of 3D printed microchannels with enclosing 

layers ͳ ൑ ɉ ൑ ͳͲ. (B) Level of overcuring (ȝm) as a function of the number 

of enclosing layers (Ȝ) for 25 ȝm and 75 ȝm slice thicknesses with layer 

exposure times of 0.9 s and 1.4 s respectively. Error bars are standard 

deviation ሺ� ൒ ͵ሻ. ....................................................................................... 73 

Figure 4.7: Failure modes for Upchurch 10-32 threaded microfluidic fittings. (A) Fast 

failure of the microfluidic fitting at ~120 bar due to ferrule slip after the initial 

test. (B) Fast failure at ~100 bar during the second trial. (C) Failure due to 

thread leakage at ~100 bar after repeated usage. (D) An example of a 3D 

printed Upchurch 6-32 fitting. ..................................................................... 75 

Figure 4.8. Contact angle (CA) of 3D printed PlasClear material. (A) Before plasma 

treatment, CA = 77°; (B) After O2 plasma treatment for 5 minutes, CA = 18°.

...................................................................................................................... 76 

Figure 5.1. Illustration of Beer’s law as applied in the process model with definition 

of the characteristic penetration depth ha. Adapted from Gong et al.12. ...... 82 

Figure 5.2. Gel point of a photopolymer. ‘X’ represents the threshold ratio at which 

the polymer can be considered solid. Adapted from Zissi et al.136. ............. 83 

Figure 5.3. (A) Polymerisation depth, zp, as a function of the normalised layer exposure 

time τp, equation (5.4) for different levels of resin characteristic penetration 

depth, ha. (B) Normalised dose, Ω, as a function of depth, z, for different 

values of ha and the normalised exposure time, �.12 .................................... 85 

Figure 5.4. Fabrication of a part with an embedded channel via MPȝSL. (A) UV light 

is projected through the build tray during the first step causing solidification 

of layer 1, this process is repeated for layer 2 in (B). The fabrication of layers 

3 and 5 is not shown in the graphic. During fabrication of layer 4 in (C) the 

UV light is masked by the DMD at the location of the embedded channel. (D) 

Shows the fabrication of layer 6. The resulting channel height is smaller than 

the designed input channel height due to overcuring................................... 89 

Figure 5.5. Normalised dose (Ω) plotted as a function of depth (z) for a solid polymer 

block of material consisting of five layers. Individual layer doses for layers 



xiv 

 

1-5 are shown by the dotted lines. Total polymerisation dose received by the 

part throughout the build is shown as a solid black line. Vertical grid lines 

spaced at intervals of 10 ȝm represent the interface between consecutive 

layers. Ω = ͳ.Ͳ is represented by a horizontal red line. .............................. 93 

Figure 5.6. Normalised dose (Ω) plotted as a function of depth (ݖ) for a part with an 

embedded channel with layer thickness zl = 10 ȝm, and total number of layers � = ͳͷ. Total polymerisation dose received by the part throughout the build 

is shown as a solid black line. Vertical grid lines spaced at intervals of 10 ȝm 

represent the interface between consecutive layers. Minimum dose to reach 

the polymerisation threshold, Ω = ͳ.Ͳ, is represented by a horizontal red line. 

The variation of the parameter δn is represented in green text. ................... 95 

Figure 5.7. A 2D cross section of the normalised dose (Ω) matrix for a simulated part 

with an embedded channel with 1D intensity outset. Slice thickness zl =ͳͲ Ɋm, and total number of layers � = ͳͷ. The embedded channel is located 

at layers 6, 7 and 8. ...................................................................................... 96 

Figure 5.8. Binary array representation of the (A) the designed input, (B) the simulated 

result, and (C) the difference between (A) and (B) calculated using a Boolean 

XOR operation. The black arrow shows the build direction. ...................... 97 

Figure 5.9. Example of a binary slice file downloaded from the Asiga 3D printer web 

interface. Slice files are sent in sequence to the DMD projector which masks 

or reflects the UV curing light based on the binary image pattern. ............. 98 

Figure 5.10. A 2D cross section (in the x/z plane) of three voxel arrays θreal, θideal, and � illustrating the case of arithmetic saturation which is essential to 

convergence of the 3D model. ................................................................... 100 

Figure 5.11. Flow chart of the design algorithm for mitigation of the overcuring effect 

in MPȝSL. .................................................................................................. 103 

Figure 5.12. The model parameters ߣ and λc, number of enclosing layers. ߣ is measured 

from the bottom of the channel, while λc is measured from the middle of the 

channel. ...................................................................................................... 104 

Figure 5.13. Evolution of the binary arrays δmod, θreal, �, and � ↓ in the application of 

the design algorithm toward the production of a circular microfluidic channel 

with number of enclosing layers ߣ = ͷͲ. .................................................. 105 



xv 

 

Figure 5.14. Evolution of the binary arrays δmod, θreal, �, and � ↓ in the application of 

the design algorithm toward the production of a circular microfluidic channel 

with number of enclosing layers ߣ = ʹͷ. .................................................. 107 

Figure 5.15. Evolution of the binary arrays δmod, θreal, �, and � ↓ in the application of 

the design algorithm toward the production of a circular microfluidic channel 

with number of enclosing layers ߣ = ͳͲ. .................................................. 109 

Figure 5.16. Convergence of the design model to an optimum solution. The graph 

shows the total difference in voxels between the ideal solution (θideal) and the 

simulated result (θreal) for the circular microfluidic channels presented in 

Figure 5.13, Figure 5.14 and Figure 5.15. The total difference between the 

ideal and real arrays converges for the three cases of ߣ = ͳͲ, ʹͷ and ͷͲ 

layers. ......................................................................................................... 111 

Figure 6.1. The orientation of the Asiga Pico+27 DMD pixels with respect to the X 

axis, adapted from Gong et al.12................................................................. 114 

Figure 6.2. Characterisation of DMD pixel angle on the Asiga Pico+27 3D printer. 

Image (A) is a 3D profile of the part used for angle characterisation, (B) 

shows a 2D microscope image of the same part with angles superimposed. 

Image (C) shows a single layer of material (1 x 1 mm) with edges aligned 

with X and Y axes of the build platform, lines of DMD pixels are clearly 

visible and are oriented at 45° w.r.t the bottom edge of the part. In image (D) 

the edges of the material are oriented at 45° w.r.t the X and Y axes. Image 

(A) was taken using a Brucker Contour GT white light interferometer while 

images (B-D) were taken using a Keyence VHX 2000 digital microscope.

.................................................................................................................... 115 

Figure 6.3. Resin optical absorbance for three resins, Formlabs Clear (FL), Asiga 

PlasClear v2 (PC), and DETAX Freeprint Mould (DX) with an overlay of the 

Asiga 3D printer UV LED spectrum. Peak ranges for monomers and reactive 

diluents, and photoinitiator (PI) resin components are outlined in the graph.

.................................................................................................................... 118 

Figure 6.4. Generation of the photopolymer working curve using the Asiga Pico +27 

3D printer. The slide holder holds the quartz slide in place while UV light is 

projected into the resin volume for a defined exposure time setting. Exposure 



xvi 

 

time is increased after each experiment to produce a set of polymer 

membranes with increasing thickness. ...................................................... 119 

Figure 6.5. Measurement of photopolymer material constants ha and Tc using the 

windowpane method. Liquid photopolymer was exposed to squares of UV 

light (1 mm x 1 mm) for increasing curing time periods. This image shows 

exposure times from 0.2 to 2.4 s for Formlabs Clear photopolymer resin. 

Membrane thickness was averaged over the entire membrane area using the 

‘multiple region’ measurement option in the Brucker Vision 64 software to 

choose the ROI. ......................................................................................... 121 

Figure 6.6. Working curve of cure depth vs. exposure time for Formlabs Clear 

photopolymer resin and Asiga 405 nm 25 mW/cm2 UV-LED. Resin 

parameters ha and Tc were calculated using a linear curve fit of equation (6.2) 

to the data. Error bars are standard deviation of membrane thickness over the 

entire ROI. ................................................................................................. 123 

Figure 6.7. Exposure time working curve (cure depth vs exposure time) for three 

photopolymer materials; Formlabs Clear, Asiga PlasClear v2, and DETAX 

Freeprint Mould. ........................................................................................ 124 

Figure 6.8. Exposure time working curve for DETAX Freeprint Mould, plotted with a 

least squares linear curve fit to equation (6.2). .......................................... 125 

Figure 6.9. Exposure time working curve for Asiga PlasClear v2, plotted with a least 

squares linear curve fit to equation (6.2). .................................................. 125 

Figure 6.10. Exposure time working curve for Formlabs Clear, plotted with a least 

squares linear curve fit to equation (6.2). .................................................. 126 

Figure 6.11. Isometric view of the CAD designs used for validation of the predictive 

model. Each model corresponds to a slice thickness value, zl = 10, 25, and 50 

ȝm respectively. ......................................................................................... 129 

Figure 6.12. Front elevation view of the CAD designs used for validation of the 

predictive model. Experimental design parameters are coloured, number of 

enclosing layers ሺߣሻ in red, and layer thickness (zl) in green. The number of 

enclosing layers (ߣ) is counted from the top of the channel for both square 

and circular channels as outlined by the magnified sections of the image.131 



xvii 

 

Figure 6.13. Image from Asiga Composer software showing the orientation of the 

CAD models on the build platform. Models are oriented at 45° w.r.t the x-

axis to align with the 3D printer DMD pixel orientation. .......................... 133 

Figure 6.14. Comparison of the unmodified (A) and modified (B) parts produced via 

the MPȝSL technique using DETAX Freeprint Mould photopolymer resin for 

three paired layer thickness (zl) and layer exposure time (tl) settings. ....... 135 

Figure 6.15. Comparison of the unmodified (A) and modified (B) parts produced via 

the MPȝSL technique using Formlabs Clear photopolymer resin for three 

paired layer thickness (zl) and layer exposure time (tl) settings. ................ 137 

Figure 6.16. Comparison of the unmodified (A) and modified (B) parts produced via 

the MPȝSL technique using Asiga PlasClear v2.0 photopolymer resin for 

three paired layer thickness (zl) and layer exposure time (tl) settings. ....... 137 

Figure 6.17. Variation of channel height (µm) with number of enclosing layers (ߣ) and 

slice thickness (zl) (µm) for circular channels fabricated using DETAX 

Freeprint Mould Clear photopolymer material. The numerical model follows 

the trend of the experimental data closely. Error bars represent a 95% CI.

.................................................................................................................... 141 

Figure 6.18. Variation of channel height (µm) with number of enclosing layers (ߣ) and 

slice thickness (zl) (µm) for square channels fabricated using DETAX 

Freeprint Mould Clear photopolymer material. The numerical model follows 

the trend of the experimental data closely. Error bars represent a 95% CI.

.................................................................................................................... 143 

Figure 6.19. Variation of channel height (µm) with number of enclosing layers (ߣ) and 

slice thickness (zl) (µm) for circular channels fabricated using Formlabs Clear 

photopolymer material. The numerical model follows the trend of the 

experimental data closely. Error bars represent a 95% CI. ........................ 145 

Figure 6.20. Variation of channel height (µm) with number of enclosing layers (ߣ) and 

slice thickness (zl) (µm) for square channels fabricated using Formlabs Clear 

photopolymer material. The numerical model follows the trend of the 

experimental data closely. Error bars represent a 95% CI. ........................ 147 

Figure 6.21. Variation of channel height (µm) with number of enclosing layers (ߣ) and 

slice thickness (zl) (µm) for circular channels fabricated using Asiga 



xviii 

 

PlasClear v2 photopolymer material. The numerical model follows the trend 

of the experimental data closely. Error bars represent a 95% CI. ............. 149 

Figure 6.22. Variation of channel height (µm) with number of enclosing layers (ߣ) and 

slice thickness (zl) (µm) for square channels fabricated using Asiga PlasClear 

v2 photopolymer material. The numerical model follows the trend of the 

experimental data closely. Error bars represent a 95% CI. ........................ 151 

Figure 6.23. Validation of the numerical model for square channels, showing modelled 

and experimental channel heights (y) versus experiment (x). The results from 

the numerical model are shifted by the average difference (204 ȝm) to 

demonstrate agreement with the general trend of the experimental data. X-

axis labels are in the format (Material):(Slice thickness (zl)):(Number of 

enclosing layers (ߣ)). Error bars represent a 95% CI. ............................... 153 

Figure 6.24. Validation of the numerical model for circular channels, showing 

modelled and experimental channel heights (y) versus experiment (x). The 

results from the numerical model are shifted by the average difference (124 

ȝm) to demonstrate agreement with the general trend of the experimental 

data. X-axis labels are in the format (Material):(Slice thickness (zl)):(Number 

of enclosing layers (ߣ)). Error bars represent a 95% CI. ........................... 155 

 



xix 

 

List of tables 

Table 2.1. Tg for common thermopolymers used in microfluidic device fabrication.

...................................................................................................................... 15 

Table 2.2. Composition of photopolymer resins, adapted from133. ............................ 39 

Table 3.1. Material properties of Freeprint® mould material146. ............................... 52 

Table 3.2. Solid phase extraction column and stationary phase parameters. ............. 60 

Table 4.1. Experimental design space. ....................................................................... 64 

Table 5.1. Resin curing model parameters. ................................................................ 86 

Table 5.2. Resin curing model unitless parameters.................................................... 86 

Table 5.3. Multi-layered part - experimental parameters. .......................................... 92 

Table 5.4. Multilayered part - unitless parameters. .................................................... 92 

Table 5.5. Design algorithm inputs. ......................................................................... 101 

Table 5.6. Percentage relative error (Erel) for the three cases presented in Figure 5.15, 

Figure 5.14, and Figure 5.13 for channels with enclosing layers ߣ =ͳͲ, ʹͷ, and ͷͲ respectively. ....................................................................... 111 

Table 6.1. Common photopolymer resin viscosities, adapted from ref.159 and Appendix 

B. ................................................................................................................ 116 

Table 6.2. Experimental constants ha and Tc calculated from resin working curves.

.................................................................................................................... 124 

Table 6.3. Experimental parameters; layer thickness (zl), normalised layer thickness 

(ζl), and exposure time (tl) for three photopolymer materials: DETAX 

Freeprint mould (DX), Formlabs Clear (FL), and PlasClear v2.0 (PC). ... 127 

Table 6.4. Experimental design space ...................................................................... 127 

Table 6.5. Total thickness of the enclosing layers (zl × Ȝ) (ȝm) above the microfluidic 

channels...................................................................................................... 128 

Table 6.6. Maximum iterations (imax ൑  for each microfluidic channel model (ߣ

categorised by material: DETAX Freeprint mould (DX), Formlabs Clear 

(FL), and PlasClear (PC)............................................................................ 134 



xxi 

 

List of Abbreviations 

2D Two-Dimensional 

3D Three-Dimensional 

ABS Acrylonitrile Butadiene Styrene 

AM Additive Manufacturing 

ANOVA Analysis of Variance 

ATP Adenosine Triphosphate 

CA Contact Angle 

CAD Computer Aided Design 

CAM Computer Aided Manufacturing 

CI Confidence Interval 

COC Cyclo Olefin Co-polymer 

COP Cyclo Olefin Polymer 

DENV Dengue Virus 

DEPC Diethylpyrocarbonate 

DI De-ionised 

DLP Digital Light Processing 

DMD Digital Micromirror Device 

DRIE Deep Reactive Ion Etching 

EDTA Ethylenediaminetetraacetic Acid 

FDM® Fused Deposition Modelling 

FFF Fused Filament Fabrication 

FWHM Full Width at Half Maximum 

HPLC High Performance Liquid Chromatography 

i3DP Ink-jet 3D Printing 

IC Ion Chromatography 

IEM Ion Exchange Membrane 

IPA Isopropyl Alcohol 

LC Liquid Chromatography 

LED Light Emitting Diode 

LoaC Lab on a Chip 

LOM Laminate Object Manufacturing 

MEMS Micro Electro-Mechanical Systems 

MJM MultiJet Modelling 

MJP MultiJet Printing 

MPSL Mask Projection Stereolithography 

MPµSL Mask Projection micro-Stereolithography 

Nd:YAG Neodymium-doped Yttrium-Aluminium Garnett 

PC Polycarbonate 

PCR Polymerase Chain Reaction 

PDMS Polydimethylsiloxane 

PE Polyethylene 

PEEK Polyether ether ketone 

PET Polyethylene terephthalate 

PJ PolyJet 

PLA Polylactic Acid 

PMMA Polymethyl methacrylate 

POC Point of Care 

PP Polypropylene 



xxii 

 

PS Polystyrene 

PSA Pressure Sensitive Adhesive 

PTFE Polytetrafluoroethylene 

PVA Poly(vinyl alcohol) 

PVC Poly(vinyl chloride) 

qRT-PCR Quantitative Reverse Transcription Polymerase Chain Reaction 

RIE Reactive Ion Etching 

ROI Region of Interest 

SEM Scanning Electron Microscope 

SL Sterelithography 

µSL Micro-Stereolithography 

SLM Selective Laser Melting 

SLS Selective Laser Sintering 

SPE Solid Phase Extraction 

STL Standard Tessellation Language 

TAS Total (chemical) Analysis System 

µTAS Miniaturised Total Analysis System 

TE Tris-EDTA (pH buffer) 

Tg Glass transition temperature 

TPP Two-Photon Polymerisation 

UV Ultraviolet 

UV-Vis Ultraviolet-Visible 

VP Vat Photopolymerisation 

 



xxiii 

 

List of Symbols 

Symbol Unit(s) Equation Name ܦ J.cm-2 �� Optical energy dose ܦ௖ J.cm-2 �௖�଴ Critical optical energy dose ܦ௡ J.cm-2 �௟�௡ Optical energy dose received at depth ݖ 

during exposure of layer � ܦ௦�௠ J.cm-2 - Optical energy dose numerical solution ܧ௥௘௟ % - Relative error limit ℎ௔ µm ͳ �⁄  Characteristic resin penetration depth �௠௔௫ - - Maximum number of iterations � W.cm-2 �଴�−�௭ Optical irradiance �଴ W.cm-2 - Optical irradiance at the interface �௡ W.cm-2 - Optical irradiance received at depth ݖ 

during exposure of layer � � - - Layer index � - - Total number of layers �௫ µm - DMD pixel depth �௬ µm - DMD pixel width � s - Time �௟ s - Layer exposure time �௣ s - Polymerisation time �௖ s ܦ௖/�଴ Photopolymer critical time ݖ µm - Depth ݖ௟ µm - Build layer thickness ݖ௣ µm ℎ௔ ln(�௣/�௖) Polymerisation depth �௦ℎ�௙௧ - - Voxel z-shift � µm-1 - Material absorption coefficient ߛ - �௟/�௖ Normalised layer exposure time ߜ�௡ - - Input voxel array ߜ௠௢ௗ - ��ௗ௘௔௟ − �↓ Modified voxel array ߜ௡ - - Binary solid/liquid classifier � - ݖ/ℎ௔ Normalised depth �௟ - ݖ௟/ℎ௔ Normalised layer thickness �௣ - ݖ௣/ℎ௔ Normalised polymerisation depth ��ௗ௘௔௟ - - Ideal solution �௥௘௔௟ - - Numerical solution ߣ - - Number of enclosing layers � - �/�௖ Normalised time �௣ - �௣/�௖ Normalised polymerisation time � - �௥௘௔௟ − ��ௗ௘௔௟ Difference between ideal and numerical 

solution �↓ - - Shifted difference array Ω - ܦ/ܦ௖ Normalised energy dose Ω௡ - ܦ௡/ܦ௖ Normalised energy dose received at depth ݖ during exposure of layer � Ω௦�௠ - ܦ௦�௠/ܦ௖ Normalised energy dose numerical 

solution 



xxv 

 

Acknowledgements 

Firstly, I would like to acknowledge my supervisor Prof. Dermot Brabazon for your 

patience, advice, guidance, and encouragement in times of doubt over the last four 

years. Thanks also to my co-supervisor Prof. Dermot Diamond for always being 

available to offer advice. 

I gratefully acknowledge the financial scholarship received from both Science 

Foundation Ireland and the Naughton Foundation. Thanks to Prof. Dermot Brabazon 

for encouraging me to apply for the Naughton Fellowship in my first year and to 

Martin and Carmel Naughton, and all at the Naughton Foundation for sponsoring and 

running such a great exchange program between Irish Universities and the University 

of Notre Dame. 

A special thanks to Ronan and Brian for the countless cups of coffee (and pints of 

beer) when a break was needed, the PhD process would have been unendurable 

without you. 

To my colleagues and friends Huw, Stephen, Ben, Cleo, Louis, Aoife, Claire, Adam, 

and David for sharing the PhD experience with me; and to Dr. Bert Ellingboe, and 

members of the plasma research laboratory, this research would have ‘ground’ to a 

halt long ago without the use of your coffee machine. 

To past and present members of the Advanced Processing Technology Research 

Centre including Dr. Mercedes Vazquez, Dr. Nigel Kent, Dr. Robert Groarke, Dr. 

Shadi Karazi, Dr. Muhannad Obeidi, Dr. Inam Ul Ahad, Cian Hughes, and Dr. Komal 

Bagga. Thanks also to the staff in the school of Mechanical and Manufacturing 

Engineering in DCU and the technical staff in the Nano-bioanalytical Research 

Facility including Liam Domican, Michael May, Lorcan Kent, Stephen Fuller, and 

Josephine Ozoani. 

To all in the Centre for Microfluidics and Medical Diagnostics at the University of 

Notre Dame, in particular Prof. Hsueh Chia Chang, Assistant Prof. Satyajyoti 

Senapati, Dr. Sunny Shah, Dr. Yongfan Men, and of course the newlyweds Drs Steven 

and Chun-Mei Marczak for making my time at Notre Dame so enjoyable. 

To my friends Aran, Niall, Alexi, Mike, Leddy, Kev, Mick, Annie, Niall, Jill, and 

many others near and far, for keeping me grounded and giving me perspective of life 



xxvi 

 

beyond academia. Thanks also to Booka Brass Band for giving me a creative outlet 

outside of the lab. 

I could not have completed this PhD without the constant support and encouragement 

of my girlfriend Gemma. Thanks for being my partner in crime, for showing me the 

way, and for putting up with me over the last three years; without you this would not 

have been possible. 

To my brothers Dermot and James, thanks for being by my side through thick and thin, 

I know I can always rely on you. 

Finally, I owe this PhD to my parents. To my late father Frank, who passed away 

suddenly before publication of this final version yet whose encouragement and faith 

was instrumental in seeing this thesis through to completion, thank you and for 

teaching me the importance of honesty, perseverance and humour; and to my mother 

Rena, whose unwavering strength and compassion have always kept me going through 

difficult times, thank you for your patience and guidance. Thank you both for giving 

me every possible opportunity in life, I am eternally grateful.



 

 

To my mother Rena, 

for your strength and guidance in difficult times 

and to my father Frank, 

for teaching me the importance of perseverance. 

 



 

1 

Abstract 

Miniaturisation of common laboratory techniques has gathered significant interest in 

the last few decades with both academic and industrial researchers seeking to reduce 

waste, sample volume, and limits of detection for a wide range of applications. These 

goals present a unique challenge that originally spurred the creation of the 

multidisciplinary field of microfluidics in the 1980s. In the same time-frame 3D 

printing has progressed from its inception by Charles Hull in 1983 and developed into 

a common industry technique used at the design and prototyping stage of product 

development. 3D printing is now also used in custom end-user products in automotive, 

aerospace, and biomedical industries. Despite this, achieving internal features and 

voids at the micro-scale via 3D printing remains a major challenge. 

In this thesis, Mask Projection micro-Stereolithography (MPȝSL) was used as a 

fabrication method for the production of microscale internal voids and features toward 

achieving an ultra-rapid prototyping method for microfluidic applications. MPȝSL is 

an ideal replication method for microfluidic applications as the working material is a 

liquid photo-polymer resin and thus can be removed from internal structures with 

relative ease. In addition, unlike classical multi-step fabrication methods that are prone 

to delamination, MPȝSL enables the production of micro-scale capillaries capable of 

withstanding higher pressures in a single step. 

MPȝSL build quality, channel reproducibility, channel size and channel shape were 

examined, and process limitations were characterised. The so-called ‘overcuring’ of 

the liquid polymer resin presents the main obstacle in the creation of microscale 

channels and features using this technique and hence was a primary focus of this thesis. 

Material characterisation techniques used to determine the nature of the photopolymer 

materials were applied and a mathematical model was developed and applied to 

predict areas where overcuring is likely to occur. This model forms the basis of the 

novel design algorithm developed in this thesis to mitigate for the overcuring effect. 

Finally, the new algorithm was applied to the production of internal features. The 

resulting increased control over microchannel dimensions and improvement in 

repeatability of the technique was quantified. 
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6.2 Materials and methods 

6.2.1 3D printer 

A DLP 3D printer (Pico+27, Asiga, CA, USA) based on the MPȝSL VP technique 

was used to fabricate microfluidic devices with defined channel height and shape. The 

Asiga Pico+27 operates at a wavelength of 405 nm and has a reported resolution of 27 

ȝm in the build plane in x and y directions and a variable vertical z-resolution of 10 – 

150 ȝm. X-Y resolution is based on the size of a single micromirror in the DMD 

micromirror array thus representing the base width and depth of a single voxel, with 

the variable slice thickness in the z-direction representing the voxel height. The DMD 

is a Texas Instruments DLP 4500 module (Austin, TX, USA), with a ͻͳʹ × ͳͳͶͲ 

micromirror array arranged in a diamond pixel orientation12. In order to ensure 

alignment with DMD pixels, all test parts are rotated 45° on the build plane as shown 

in Figure 6.1. 

 

 

Figure 6.1. The orientation of the Asiga Pico+27 DMD pixels with respect to the X axis, 

adapted from Gong et al.12. 

DMD pixel alignment was experimentally verified by curing single (ͳ ×  ͳ mmଶ) 

layers of photopolymer material at angles (0 - 90°) on to a glass slide and imaging 

using a VHX 2000 (Keyence, Osaka, Japan) and a Contour GT white light 

interferometer (Bruker, MA, USA), results are shown in Figure 6.2.
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After design, the CAD models were exported in the ‘stereolithography’ (STL) file 

format and imported to Asiga Composer software (Asiga, Anaheim Hills, CA, USA) 

for placement on the build platform. Models were sliced at three slice thickness 

intervals ሺݖ௟ሻ of 10, 25 and 50 ȝm respectively corresponding to the experimental 

design parameters in Table 6.4. Exposure time ሺ�௟ሻ for the three materials was set 

based on the results from section 6.2.5 (see Table 6.3). Raw and modified models were 

placed in the same build to minimise time-based curing variability between polymer 

batches as shown in Figure 6.13. 

The Asiga 3D printer DMD optical engine is oriented in a diamond pixel orientation 

as previously reported by Gong et al.12 and verified in section 6.2.1. Thus, all parts are 

oriented at 45° on the build platform with respect to the x-axis as shown in Figure 

6.13. 

 

Figure 6.13. Image from Asiga Composer software showing the orientation of the CAD 

models on the build platform. Models are oriented at 45° w.r.t the x-axis to align with the 3D 

printer DMD pixel orientation. 

6.2.8 Predictive model 

After slicing, the sliced image stacks were downloaded from the Asiga printer web 

interface and converted into 3D voxel arrays using a custom script developed for this 

purpose using LabVIEW™ 2016 software (National Instruments, TX, USA). The 3D 

voxel arrays were then run through the bespoke algorithm developed for this study and 

reported in Chapter 5 to predict and mitigate for the effects of overcuring. When 

complete, the modified voxel array was re-sliced and converted back into a binary 

PNG image stack for upload to the 3D printer. 
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Contact 

= English IntoKyoto 

Contribute to the world with analog 

technology and sensor technology. 

We started an analog circuit/layout design and verification contract business. Our 

engineers with a wealth of experience, knowledge, and skills utilize technologies such 

as ADC, DAC, PLL, and DLL to meet the diverse needs of our customers with the 

following three pillars. 1) Respond flexibly to your requests. 2) Realize quality that 

satisfies you. 3)[...i& @axU] 

Rosnes was established in January 2007, and for the past 15 years has been developing 

2D-CMOS sensors such as smart phone, security camera and medical etc... During the 

time, 2D-CMOS sensors technology didn’t expand strongly, so, new attractive 2D-CMOS 

sensors was not developed a lot. As a result, many of the independent and venture 
er 

companies[...i<  Document title: Rosnes Corporation
Capture URL: http://rosnes.jp/en/rosnes-inc/
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technology and sensor technology. 

        

      

   

      

      

   

Analog circuit/Layout design and verification contract business start 

2021-08-01 

We started an analog circuit/layout design and verification contract business. Our 

engineers with a wealth of experience, knowledge, and skills utilize technologies such 

as ADC, DAC, PLL, and DLL to meet the diverse needs of our customers with the 

following three pillars. 1) Respond flexibly to your requests. 2) Realize quality that 

satisfies you. 3)[..Mm2t2RU] 

Start three-dimensional (3D) CMOS sensors development for distance measurement !!! 

2021-04-18 

Rosnes was established in January 2007, and for the past 15 years has been developing 

2D-CMOS sensors such as smart phone, security camera and medical etc... During the 

time, 2D-CMOS sensors technology didn’t expand strongly, so, new attractive 2D-CMOS 

sensors was not developed a lot. As arresult, many of the independent and venture 

companies...@a @ AU] 

Company 

  

= 
News Company Analog etc. circuit design contract business | Rosnes Sensor/Module technology Recruit AAs = English  IntoKyoto 

  
Office One Shijo-Karasuma 602 

480, Niwatoriboko-cho, Shimogyo-ku, Kyoto, JAPAN 

TEL:+81-075-352-7002 

FAX:+81-075-352-7003 ~~) 

© Copyright 2025 Rosnes. All rights reserved. 

Contact ‘@: Rosnes 
Rosnes Corporation 
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BB OPNOUS HOME PRODUCT MARKET DEVELOP NEWS COMPANY 
SMART SENSING & Al TECHNOLOGY 

  

~ Ir- i ie eed 

SIGN UP   
Contact Us 

Send Message
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OPNOUS HOME PRODUCT MARKET DEVELOP NEWS COMPANY 
SMART SENSING & Al TECHNOLOGY 

  

Name 

Email* 

Phone 

Message 

Connect With Us 

Email: contact@opnous.co.jp   

Office 

SHANGHAI 

1608/1616, Building B, Far East International Plaza 

No.317, Xlanxia Road, Shanghai 200051 

Phone: +86, 021-62351686 

SHENZHEN 

7F, W1-A Building, NanShan Keji Yuan NanQu, Nanshan 

Shenzhen, CH 

Phone: +86, 0755-26929114 

TOKYO 
8F, KS Building, 4-5-20 Kojimachi 

Chiyoda, Tokyo 102-0083 

Phone: +81, 03-6867-1592 

BOSTON 

14 Tyler Street, 3rd Floor 

Somerville, MA 02143 

Zurich 

Wuhan 

San Francisco 

coming soon... 

OPNOUS * Smart Sensing & Al Technology 
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Geawyle diamond pixel site:rosnes jp 

Images Videos Shopping Value Layout Minecraft 

About 0 results (0.25 seconds) 

Your search - diamond pixel site:rosnes.jp - did not match any documents. 

Suggestions: 

e Make sure all words are spelled correctly. 
* Try different keywords. 
e Try more general keywords. 
e Try fewer keywords. 

  

  
@ Southern United States - Based on your past activity - Update location 

More options in Quick settings (£3) 

x 

Ring News Samsung 

  

Allfilters ~ Tools SafeSearch ¥
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Geawyle diamond pixel site:https://opnous.co jp x 

Images Videos Shopping Value Layout Minecraft Ring 

About 0 results (0.30 seconds) 

Your search - diamond pixel site:https://opnous.co.jp - did not match any documents. 

Suggestions: 

e Make sure all words are spelled correctly. 
* Try different keywords. 
e Try more general keywords. 
e Try fewer keywords. 

  

  
@ Southern United States - Based on your past activity - Update location 

More options in Quick settings (£3) 

News Samsung 

  

Allfilters ~ Tools SafeSearch ¥
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- 
Geagle 

Images Videos Shopping Price Necklace 

diamond site:rosnes.jp 

About 1 results (0.29 seconds) 

rosnes.jp 

http://www.rosnes.jp » Kigyou_en 

Since 2018/11/28 

Cm 

GQ 3 HE 

Shapes Photo Allfilters ~ Tools 

Major stock holders, - NTT Finance - Mitsuboshi Diamond Industrial - Ikeda Senshu Capital - 

Mitsubishi UFJ Capital - Takumi Yamaguchi ; President, - CEO: 

@ Southern United States - Based on your past activity - Update location 

More options in Quick settings (£3) 

SafeSearch ¥
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[Japanese] 

‘@: Rosnes 

¢ Z ‘ 
Home Corporate 

Information 
Business 

Corporate profile 
  

* Rosnes Corporation 
  

* AYA Shijo Karasuma Bldg. 3F-302 

167, Dojisha-cho, Shimogyo-ku, Kyoto, 
6008421 JAPAN    

  

Address 

* TEL : +81-75-352-7002 

* FAX : +81-75-352-7003 
  

  

re = 22 
  

  

  

        

* NTT Finance 

* Mitsuboshi Diamond Industrial 

"Ikeda Senshu Capital 

* Mitsubishi UFJ Capital 

* Takumi Yamaguchi 
  

   | President — | “CEO: Takumi Yamaguchi 
  oe 
  

  

   * Custom image sensor business 

"Camera module business 

* Camera business 

Business 

  

* Kyoto Chuo Shinkin Bank 

* Sumitomo Mitsui Banking Corporation 

  

    

Since 2018/11/28 

oe ~ 2 
Product Contact Recruit 

new 

Corporate information 

e Greeting 
Access 

History 

2007 Jan. Rosnes founded 
2007 Feb. Established Kyoto design center in Kyoto Research Park 
2007 Feb. Started image sensor development project 
2007 Jun. Started OEM 
2008 Jan. Started embedded software development 
2008 Jan. Stared image signal processing project 
2008 Oct. Kyoto design center was relocated to Shijo Karasuma 
2009 Apr. Started module development 
2009 Aug Started use medical image sensor development 
2008 Apr. Started camera development 
2012 Apr. Started network camera project. 
2012 Oct. Started recognition camera development 
2013 Jan. Started security use image sensor development 
2017 Nov. Started BSI image sensor development 
2018 Mar. Started 3D stacked image sensor development
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diamond site:https://opnous.co.jp/ xX 

Images Videos Shopping Price Necklace Ring Earrings 

About 0 results (0.36 seconds) 

Your search - diamond site:https://opnous.co.jp/ - did not match any documents. 

Suggestions: 

* Make sure all words are spelled correctly. 
* Try different keywords. 
* Try more general keywords. 
* Try fewer keywords. 

  

  
@ Southern United States - Based on your past activity - Update location 

More options in Quick settings (£3) 

Shapes Photo 

  

All filters ~ Tools SafeSearch v
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HHT 
INTERNET 
AG eas 

INTERNET ARCHIVE 

Wayogeb (acnine http://rosnes jp/en 

Explore more than 826 billion web pages saved over time 

Calendar - Collections - Changes - Summary - Site Map Gs 

22 URLs have been captured for this URL prefix. 

URL + MIME Type 

http://rosnes. jp/en/2020/11/ text/html 

http://rosnes.jp/en/2021/03/ text/html 

http://rosnes.jp/en/2021/04/ text/html 

http://rosnes.jp/en/2021/08/ text/html 

http://rosnes. jp/en/analog-circuittayout-design-and-verification-contract-business-start/ text/html 

http://rosnes.jp/en/author/admin/ text/html 

http://rosnes.jp/en/business-2/ texvhtml 

http://rosnes.jp/en/category/kyoto-intro/ text/html 

http://rosnes.jp/en/category/news-en/ text/html 

http://rosnes.jp/en/company-2/ text/html 

http://rosnes.jp/en/contact/ textvhtml 

http://rosnes. jp/en/creating-a-cmos-sensor-business-for-three-dimensional-3d-distance-measurement/ text/html 

http://rosnes. jp/en/creation-of-an-own-brand-business-for-new-cmos-sensors-2/ text/html 

http://rosnes.jp/en/creation-of-an-own-brand-business-for-new-cmos-sensors/ texthtml 

http://rosnes.jp/en/establishment-of-a-cmos-sensor-business-for-three-dimensional-3d-distance-measurement/ text/html 

http://rosnes.jp/en/news-2/ text/html 

http://rosnes. jp/en/product-2/ texvhtml 

http://rosnes.jp/en/recruit-2/ text/html 

http://rosnes.jp/en/rosnes-inc/ text/html 

http://rosnes. jp/en/survey-of-feasibility-of-commercialization-of-virtual-kyoto-sightseeing-tour/ text/html 

http://rosnes.jp/en/we-finished-the-feasibility-study-of-the-virtual-tour-business/ text/html 

http://rosnes. jp/enkaku.gif image/gif 

Showing 1 to 22 of 22 entries 

FAQ | Contact Us | Terms of Service (Dec 31, 2014) 

| 

building a digital library of Internet sites and other cultural artifacts in digital form. 

Other projects include Open Library & archive-it.org, 

Your use of the Wayback Machine is subject to the Internet Archive's Terms of Use. 

The Wayback Machine is an initiative of the Internet Archive, a 501(c)(3) non-profit, 

From 

Nov 25, 2020 

Apr 18, 2021 

Apr 18, 2021 

Oct 3, 2022 

Oct 3, 2022 

Dec 4, 2022 

Sep 26, 2020 

Apr 18, 2021 

Nov 25, 2020 

Sep 26, 2020 

Sep 26, 2020 

Apr 18, 2021 

Apr 18, 2021 

May 11, 2021 

May 11, 2021 

Sep 26, 2020 

Sep 26, 2020 

Sep 26, 2020 

Sep 26, 2020 

Nov 25, 2020 

Apr 18, 2021 

Dec 30, 2013 

Filter results by URL or MIME 

To 

Jul 26, 2021 

Apr 18, 2021 

May 31, 2023 

Mar 23, 2023 

May 31, 2023 

Dec 4, 2022 

May 31, 2023 

Jul 26, 2021 

May 30, 2023 

May 31, 2023 

May 30, 2023 

Apr 18, 2021 

Apr 18, 2021 

Aug 19, 2022 

May 30, 2023 

May 31, 2023 

May 31, 2023 

Mar 23, 2023 

Jun 8, 2023 

Oct 23, 2021 

Apr 18, 2021 

Nov 22, 2018 
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Duplicates 
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Type (i.e. “ txt’) 

Uniques 
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Document title: Wayback Machine
Capture URL: https://web.archive.org/web/*/http://rosnes.jp/en*
Capture timestamp (UTC): Fri, 04 Aug 2023 18:47:07 GMT Page 1 of 1

https://web.archive.org/web/*/http://rosnes.jp/en*
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i Explore more than 826 billion web pages saved over time 

DONATE | Iie 

https://opnous.co.jp 

Calendar - Collections - Changes - Summary - Site Map Gs 

5 URLs have been captured for this URL prefix. 

MIME Type (i.e. *.txt 

URL + MIME Type From To Captures Duplicates Uniques 

http://opnous.co.jp/ unk Dec 18, 2021 Oct 26, 2022 5 3 2 

http://opnous.co.jp/favicon.ico unk Feb 19, 2022 Feb 19, 2022 1 0 1 

http://opnous.co jp/robots.txt unk Dec 18, 2021 Oct 26, 2022 6 4 2 

https://opnous.co jp/sitemap.website.xml application/xml Oct 26, 2022 Oct 26, 2022 1 0 1 

https://opnous.co .jp/sitemap.xml application/xml Oct 26, 2022 Oct 26, 2022 1 0 1 

Showing 1 to 5 of 5 entries [a] 

FAQ | Contact Us | Terms of Service (Dec 31, 2014) 

) The Wayback Machine is an initiative of the Internet Archive, a 501(c)(3) non-profit, 

building a digital library of Internet sites and other cultural artifacts in digital form. 

Other projects include Open Library & archive-it.org, 

Your use of the Wayback Machine is subject to the Internet Archive's Terms of Use.

Document title: Wayback Machine
Capture URL: https://web.archive.org/web/*/https://opnous.co.jp*
Capture timestamp (UTC): Fri, 04 Aug 2023 18:47:43 GMT Page 1 of 1

https://web.archive.org/web/*/https://opnous.co.jp*

