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TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 

CONCERNING A SUBMISSION UNDER 35 U.S.C. 371 
International Application No. 
PCT/GB2016/051688 
Title of Invention 
COATINGS 
First Named Inventor 
Stephen Richard COULSON 

I International Filing Date 
June 8, 2016 

Attorney Docket No. 
GBL0007/US 
U.S. Application No. (if known, see 37 CFR 1.5) 

Priority Date Claimed 
June 9, 2015 

Applicant herewith submits to the United States Designated/Elected Office {DO/EO/US) the following Items and other Information. 

1. 0 This is an express request to begin national examination procedures (35 U.S.C. 371(f}). NOTE: The express re{luest under 
35 U.S.C. 371(f) will not be effective unless the requirements under 35 U.S.C. 371(c)(1), (2), and (4) for payment of the basic national 
fee, copy of the International Application and English translation thereof (If required), and the oath or declaration of the hwentor(s) 
have been received. 

2. 0 A copy of the International Application (35 U.S.C. 371(c)(2)) Is attached hereto (not required if the International Application was 
previously communicated by the lntematlonaf Bureau or was flied in the United States Receiving Office (RO/US)). 

3. An English language translation of the International Application (35 U.S.C. 371 (c)(2)) 

a. O ls attached hereto. 

b. O has been previously submitted under 35 U.S.C. 154(d}(4). 

4. An oath or declaration of the inventor(s) (35 U.S.C. 371(c)(4)) 

a. D is attached. 

b. O was previously flied In the International phase under PCT Rule 4.17(iv). 

Items 5 to 8 below concern amendments made In the International phase. 

PCT Article 19 and 34 amendments 

5. • 
6. • 
7. • 

Amendments to the claims under PCT Article 19 are attached (not required ff communicated by the International Bureau) (35 U.S.C. 
371(c)(3)), 
English translation of !he PCT Article 19 amendment is attached (35 U.S.C. 371(c)(3)). 

English translation of annexes (Article 19 and/or 34 amendments only) of the International Preliminary Examination Report ls 
attached (35 u.s.c. 371(c){5)). 

Cancellatlon of ,J.mendments made in the international ghase 

8a. O Do not enter the amendment made in the international phase under PCT Article 19. 

8b. D Do not enter the amendment made in the international phase under PCT Article 34. 

NOTE: A proper amendment made in English under Ar!iele 19 or 34 w!II be entered in the U.S. national phase application absent a clear 
Instruction from applicant not to enter the amendment(s}. 

The following Items 9 to 17 concem a document(s) or information Included. 

9. [2] An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 

10. D A preiimlnary amendment 

11. 0 An Application Data Sheet under 37 CFR 1. 76. 

12. D A substitute speciflcation. NOTE: A subsli!ute specification cannot include claims. See 37 CFR 1.125(b). 

13. 0 A power of attorney and/or change of address letter. 

14. D A computer-readable fon-n of the sequence listing in accordance with PCT Rule 13ter.3 and 37 CFR 1.821-·1.825. 

15. D Assignment papers (cover sheet and document(s)). Name of Assignee: __________________ _ 

16. 0 37 CFR 3. 73(c) Statement (when there Is an Assignee). 

This collection of Information 1s required by 37 CFR 1.414 and 1.491-1.492. The lnformahon 1s reqwred to obtam or retain a beneirt by the public, which 1s to file 
(and by the USPTO to process) an appHaation. Ccmfidentiali!y is govarned by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. Thie collection is estimated to take 15 
minutes 10 complete, including gatharlng, preparing. and submltt!ng the completed application form to the USPTO. Time will vary depending upon the individual 
~ase. Any comments on the amou11t of Ume you require to oomplete this form and/or swggestions for redllcing thia burden should be sent to the Chieif Information 
Officer, U.S. Patent and Trademark Office, U.S. Oepartn1ent of Commerce, P.O. Elox 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS, SEND TO: Mail Stop PCT. Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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U.S. APPLN. No. (if known - see 37 CFR 1.5) INTERNATIONAL APPUCATION No. ATTORNEY DOCKET No. 

PCT /GB2016/051688 GBL0007/US 
17. LJ Other items or information: 

The following fees have been submitted. CALCULATIONS PTO USE ONLY 

1e. G] Basic national fee (37 CFR 1.492{a)) ............................................... $280 $ 280 
19. L:J Examination fee (37 CFR 1.492(c)) 

720 lf the written opinion prepared by ISA/US or the international preliminary 
examination report prepared by IPEA/US Indicates all claims satisfy provisions of $ 
PCT Article 33(1)-(4) .................................................................... $0 
All other situations ....................................................................... $720 

20. 0 Search fee (37 CFR 1.492(b)) 
If the written opinion prepared by ISA/US or the international preliminary 480 
examination report prepared by !PEA/US indicates all claims satisfy provisions of 
PCT Article 33( 1 )-( 4) ............................................................... ,. ... $0 
Search fee (37 CFR 1.445(a)(2)) has been paid on the international application to $ 
the USPTO as an International Searching Authority .......................... .. $120 
International Search Repo1t prepared by an ISA other than the US and provided to 
the Office or previously communicated to the US by the 18 , ................. . $480 
AU other situations .... ., ........................................... , ........... , .......... $600 

TOTAL OF 18, 19, and 20 = $1,480 
LJ Additional fee for specificatlon and drawings fifed in paper over 100 sheets 

(excluding sequence listing in compliance with 37 CFR 1.821(c) or (e) in an 
electronic medium or computer program listing in an electronic medium) {37 CFR 
1.4920)), 
Fee for EO.ach additional 50 sheets of paper or fraction thereof ........... , ... $400 

Total Sheets Exira Sheets Number of each addltlon 50 or fraction RATE thereof (round up to a whOle number) 

- 100 = I 50= x$400 $ 
Surcharge of $140.00 for furnishing any of the search fee, examination fee, or the oath or $140 declaration after the date of commencement of the national stage {37 CFR 1.492(h)}. 

CLAIMS NUMBER FILED NUMBER EXTRA RATE 

Total claims - 20 = x$80 $ 
Independent claims -3= X $420 $ 

MULTIPLE DEPENDENT CLAIM($) (if applicable) + $780 $ 
Processing fee of $140.00 for furnishing the English translation later than 30 months from the 

$ earliest claimed orioritv date (37 CFR 1.492(ill. + 
TOTAL Of ABOVE CALCULATIONS= $1,620 

LJ Applicant asserts small entity status. See 37 CFR 1.27. Fe,;s above are reduced by½. 

D Applicant certifies micro entity status. See 37 CFR 1.29. Fees above are reduced by¾. 
Applicant must attach form PTOISB/1 SA or B or equivalent. 

TOTAL NATIONAL FEE= $1,620 
Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be 

$ accomoanied bv an atmrooriate r,over sheet (37 CFR 3.28, 3.31 ). $40.00 oer prooertv. + 

TOTAL FEES ENCLOSED= $1,620 
Amount to be 

$ refunded: 
Amount to be $ charged: 

[Page 2 of 3] 
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a, • A check in the amount of$ to cover the above fees is enclosed, 

b. • Please charge my Deposit Account No. in the amount of$ to cover the above fees. 

C, 0 The Director is hereby authorized to charge additional fees which may be required, or credit any overpayment, to Deposit Account 
No, so.ms as follows: 

i. • any required fee. 

ii, 0 any required fee except for excess claims fees required under 37 CFR 1.492(d) and (e) and multiple dependent claim fee 
required under 37 CFR 1.492(f), 

d. 0 Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card information should not 
be Included on this form. Provide credit card information and authorization on PTO-2038. The PTO-2038 should only be mailed or 
faxed to the USPTO. However, when paying the basic national fee, the PTO-2038 may NOT be faxed to the USPTO. 

ADVISORY: If filing by EFS•Web, do NOT attach the PT0-2038 form as a PDF along with your EFS-Web submission. Please be 
advised that this is not recommended and by doing so your credit card information may be displayed via PAIR. To protect your 
information, it is recommended to pay fees onfine by using the electronic payment method. 

NOTE: Where an appropriate time limit under 37 CFR 1.495 has not been met, a petition to revive (37 CFR 1.137(a) or (b}) must be 
filed and granted to restore the International Application to pending status. 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to Flle)Transitlon Applications 
D This application {1) claims priority to or the benefit of an application filed before March ·16, 2013, and (2) also contains, or contained at 

any time, a claim to a claimed invention that has an effective filing date on or after March 16, 2013. 
NOTE 1: By providing this statement under 37 CFR 1.55 or 1.78, this a1mllcatlon, with a filing date on or after March 16, 2013, will be 
examined under the first inventor to file 2rovislons of the AIA. 
NOTE 2: A U.S. national stage application may not claim priority to the International application of which it is the national phase. The filing 
date of a U.S. national stage application is the international filing date. See 35 U.S,C. 363, 

Correspondence Address 

0 The address associated with Customer Number: 3307'J. 

Name I 
Address 

City I 
Country 

Email 

Signature 

Name 
{Print/Type} 

I State I 

[Paga 3 of 3] 

OR [] Correspondence address below 

I Zip Code I 
I TelephOne I 

Date December 8, 2017 
Registration No. 54.358 
(Attorney/Agent) , 
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Application Data Sheet 37 CFR 1.76 
Attorney Docket Number GBL0007/US 

Application Number 

Title of Invention COATINGS 

The application data sheet is part of the provisional or nonprovlsional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specffied by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D Portions or an of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 
37 CFR 5.2 (Paper filers only, Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 I< Rt'iri)¢Ve l 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Stephen Richard COULSON 

Residence Information (Select One) 0 US Residency @ Non US Residency O Active US Military Service 

City Abingdon jcountry of Residence i 1GB 

Mailing Address of Inventor: 

Address 1 c/o P2i Ltd 9-12 North Central, 127 Olympic Avenue 

Address 2 Milton Park 

City I Abingdon I State/Province I 
Postal Code j OX14 4SA I Countryi I GB 

Inventor 2 ! Refo4v~ I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Delwyn EVANS 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Military Service 

City Abingdon jcountry of Residence i jGB 

Malling Address of Inventor: 

Address 1 c/o P2i Ltd 9-12 North Central, 127 Olympic Avenue 

Address .2 Milton Park 

City I Abingdon I State/Province I 
Postal Code I OX144SA I Country! I GB 

Inventor 3 I RElrhove. I 
Legal Name 
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Attorney Docket Number GBL0007/US 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention COATINGS 

Prefix Given Name Middle Name Family Name Suffix 

Angeliki SIOKOU 

Residence Information (Select One} 0 US Residency @ Non US Residency 0 Active US Military Service 

City Abingdon !country of Residence i 1GB 

Mailing Address of Inventor: 

Address 1 c/o P2i Ltd 9-12 North Central, 127 Olympic Avenue 

Address 2 Milton Park 

City I Abingdon j State/Province I 
Postal Code OX14 4SA I Countryi I GB 

Inventor 4 I R$n1ove. I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Clive TELFORD 

Residence Information (Select One) 0 US Residency @ Non US Residency O Active US Military Service 

City Abingdon I country of Residence i 1GB 

Mailing Address of Inventor: 

Address 1 c/o P2i Ltd 9-12 North Central, 127 Olympic Avenue 

Address 2 Milton Park 

City I Abingdon I State/Province I 
Postal Code OX144SA I Countryi I GB 

All Inventors Must Be Listed - Additional Inventor Information blocks may be I I •· Add·•·• generated within this form by selecting the Add button. 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

[] An Address Is being provided for the correspondence Information of this application. 

Customer Number 33072 

Email Address I l Add r,:rnall I I R~moye Email! 
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Attorney Docket Number GBL0007/US 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention COATINGS 

Application Information: 

Title of the Invention COATINGS 

Attorney Docket Number GBL0007/US I Small Entity Status Claimed • 
Application Type Nonprovisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) I 6 I Suggested Figure for Publication (if any) I 
Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

i-
Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

Publication Information: 

• Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 

• 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: (!) Customer Number I O US Patent Practitioner 10 Limited Recognition (37 CFR 11.9) 

Customer Number 33072 
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Attorney Docket Number GBL0007/US 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention COATINGS 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number" field blank. 

Prior Application Status Pending I Ren:iove.••I 
Filing or 371(c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

a 371 of international PCT /GB2016/051688 2016-06-08 

Additional Domestic Benefit/National Stage Data may be generated within this form 
by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.5_5. When priority is claimed to a foreign application 
that ls eligible for retrieval under the priority document exchange program (PDX)1 the information will be used by the Office to 
automatically attempt retrieval pursuant to 37 CFR 1.55(i}(1) and (2). Under the PDX program, applicant bears the ultimate 
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign inte!lectua! 
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55{g)(1 ). 

I R!.3move. I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Code1 (if applicable) 

15386017.6 EP 2015-06-09 

Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or containecl at any time, a claim to a claimed invention that has an effective filing date on or after March 

0 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, wlth a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

GBL0007/US Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention COATINGS 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see 
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 
application (see paragraph B in subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an 
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h) 
(1 ). 

B. Search Results from U.S. Application to EPO - Unless box Bin subsection 2 (opt-out of authorization) is checked, 
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

The applicant is reminded that the EPO's Rule 141 (1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
the instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is otherwise publicly available, the US PTO may provide access to the 
application in accordance with 37 CFR 1.14. 
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Application Data Sheet 37 CFR 1. 76 
Attorney Docket Number GBL0007/US 

Application Number 

Titre of Invention COATINGS 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR 
to have an assignment recorded by the Office. 

Applicant 1 
!f the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1 .45), this section should not be completed. 
The information to be provided in this section ls the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otheiwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

l> C1¥ar I 
() Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor 

@ Person to whom the inventor ls obligated to assign, 10 Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

I 
Name of the Deceased or Legally Incapacitated Inventor: I 
If the Applicant is an Organization check here. ~ 
Organization Name I P2i Ltd 

Mailing Address Information For Applicant: 

Address 1 9-12 North Central, 127 Olympic Avenue 

Address 2 Milton Park 

City Abingdon State/Province 

Country j GB Postal Code OX14 4SA 

Phone Number Fax Number 

Email Address -- --- --- - --- - -

Additional Applicant Data may be generated within this form by selecting the Add button. 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 

EFS Web 2.2.12 
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Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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Attorney Docket Number GBL0007/US 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention COATINGS 

Assignee 1 

Complete this section if assignee information, including non-applicant assignee information, ls desired to be included on the patent 
application publication. An assignee-applicant identified in the "Applicant Information'' section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

If the Assignee or Non-Applicant Assignee is an Organization check here. • 
Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City I State/Province 

Countryi I Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. 

Signature: 
NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b ). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application .and. either box A or B is m~t checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR1.14(c). 

This Application Data Sheet m.Yfil be signed by a patent practitioner if one or more of the applicants is a juristic 
entity (e.g .. corporation or association). lf the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given 
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of -9.U joint inventor-applicants. 

See 37 CFR 1.4(d) for the manner of making signatures and certifications. 

'~ r~ \ 
, ... ~ ~, ~---

Signature \~~~) ____ Date (YYYY•MM-DD} 2017-12-08 ···.::... .••... ·2:, -;~:.· 
l 

First Name Paul J. · Last Name I Parlns '1 Registration Number 54,358 

Additional Signature may be generated within this form by selecting the Add button, 
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Coatings 

Field of the invention 

This invention relates to protective coatings. Specifically, the present invention relates to protective 

coatings for electronic or electrical devices and components thereof, and methods of forming such 

coatings. The coatings can protect by being hydrophobic and so resist the ingress of water-based 

liquid into electronic devices, or they can protect by forming a barrier coating and so provide electrical 

resistance between the electrical parts of the phone and water based liquid. 

Background of the invention 

Monounsaturated monomers are used to make barrier coatings using plasma polymerisation 

processes (see co-pending application). 

The perfluoroalkyl chain monomers are also used for generating hydrophobic surfaces from pulsed 

plasma deposition processes (see WO 9858117 A1). 

The power of the plasma initiated polymerisation affects the nature of the polymer produced. The 

higher average energy inputs of continuous wave plasmas lead to more fragmentation of the 

monomer, and so the polymer loses structural properties of the monomer. In the case of 

1 H, 1 H,2H,2H- perfluorodecyl acrylate (PFAC8), there's less retention of the perfluoroalkyl chain and 

the contact angle of the surface coating is compromised. Higher plasma energies also lead to more 

crosslinking. For the lower average energy inputs of pulsed plasmas, there's better retention of 

monomer structure and less crosslinking. The greater retention of the perfluoro chain under low 

energy, pulsed plasma conditions leads to best levels of contact angles for the surface coating. 

When the perfluoroalkyl chains have eight or more fluorinated carbons (long chain), the polymer 

made from the monomer has a crystalline structure. When the perfluoroalkyl chains have less than 

eight fluorinated carbons, the resulting polymer is amorphous and so can be unstable in the presence 

of water (see "Molecular Aggregation Structure and Surface Properties of Poly(fluoroalkyl acrylate) 

Thin Films, Marcomolecules, 2005, vol 38, p5699-5705) 

When long chain perfluoroalkyl polymers are produced by high average power (continuous wave or 

CW) or low average power (pulsed wave or PW) plasmas, then because of the crystalline structure of 

the long chains, the polymers are non-stick to the touch and stable in the presence of water. 

However, the feel and water stability of shorter chain polymer coatings is affected by the plasma 

power levels used. For example, when PFAC6 (1 H, 1 H,2H,2H-perfluorooctyl acrylate) is polymerised 

in low power plasma conditions, the resulting polymer coating can have several disadvantages. For 

example the coating can cause water drops to spread out a little (slump), be marked by the presence 

of a water drop on its surface, have a tacky feel, or can be easily smeared (for example on substrates 

of silicon wafer and ABS plastic). 
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By increasing the power of the plasma used for polymerisation, the polymer becomes more 

crosslinked and becomes more resistant to smearing. However, increasing the power has the 

concomitant effect of decreasing the water contact angle through more monomer fragmentation (as 

described above). Figure 1 shows the effect of increasing the power to monomer flow ratio for CW 

plasmas in a 125 litre chamber: at a ratio of 4 W/µ1/min, the water contact angle is ~85-95 degrees 

and the coating is tack-free. However, as the ratio drops, the contact angle increases and the 

occurrence of tacky/smudgy coatings increases too. Figure 2 shows the same effect for pulsed 

plasma conditions. These results show that the process window for producing tack and smudge-free 

coatings have a limited plasma processing range and the final coating has a compromised water 

contact angle. 

Accordingly, it is an aim to solve one or more of the above-mentioned problems with the prior art 

coatings. 

Statement of Invention 

An aspect of the present invention provides an electronic or electrical device or component thereof 

comprising a protective cross-linked polymeric coating on a surface of the electronic or electrical 

device or component thereof; 

wherein the protective cross-linked polymeric coating is obtainable by exposing the electronic or 

electrical device or component thereof to a plasma comprising a monomer compound and a 

crosslinking reagent for a period of time sufficient to allow formation of the protective cross-linked 

polymeric coating on a surface thereof, 

wherein the monomer compound has the following formula: 

where R 1 , R2 and R4 are each independently selected from hydrogen, optionally substituted branched 

or straight chain CrC6 alkyl or halo alkyl or aryl optionally substituted by halo, and R 3 is selected from: 

X 
I 

C 
I 

X 

or 

SUBSTITUTE SHEET (RULE 26) 
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where each Xis independently selected from hydrogen, a halogen, optionally substituted branched or 

straight chain C1-Ce alkyl, halo alkyl or aryl optionally substituted by halo; and n1 is an integer from 1 

to 27; and wherein the crosslinking reagent comprises two or more unsaturated bonds attached by 

means of one or more linker moieties and has a boiling point of less than 500 °C at standard 

pressure. 

High levels of polymer crosslinking (formerly only achievable with high average power continuous 

wave plasmas) can be achieved by adding a crosslinking molecule to the monomer to produce a 

cross-linked co-polymer. This has the advantage of increasing the plasma processing range so 

stable coatings can now be produced in low average energy pulse plasma conditions. 

The high degree of retention of the hydrophobic monomer structures from the low energy pulsed 

plasma gives coatings of the co-polymer a good hydrophobic coating (as evidenced by water contact 

angles) and a coating that is not sticky or smeary to the touch. Thus, these properties make it suitable 

for the coating of electronic devices to prevent the ingress of water-based liquids from accidental 

damage. Such coatings typically have a thickness between 1 and 100 nm, preferably 1 and 50 nm. 

The coating may be described as a liquid repellant layer, typically a water repellant layer. The coating 

may repel water, an aqueous liquid such as rainwater, or oil. 

Alternatively, or in addition to providing a liquid repellent layer, the coating may be a physical barrier 

layer. 

The coating may be a physical barrier i.e. it provides a physical barrier to mass and electron transport. 

The physical barrier layer restricts diffusion of water, oxygen and ions. When the coating is a physical 

barrier it typically has a thickness of greater than 50 nm. 

The coating is a protective layer i.e. it prevents damage by contact with water or other liquids. The 

coating may provide is protective functionality by forming a liquid repellent layer and/or a physical 

barrier layer. 

The coating is preferably substantially pin-hole free to enable it to provide a physical barrier. 

Preferably l:::..Z/d <0.15, where l:::..Z is the average height variation on an AFM line scan in nm (as 

shown in Figure 3) and d is coating thickness in nm. 

The value of l:::..Z/d tells us to what extent defects/voids on the surface of the coating extend into the 

coating, i.e. the percentage value of the depth of defect over total coating thickness. For example, 

l:::..Z/d = 0.15 means that the voids on the surface only extend down to 15% of the coating thickness. A 

coating with a l:::..Z/d <0.15 is defined herein as being substantially pinhole free. If voids are bigger than 

this, the desired functionality is unlikely to be achieved. 
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The coating is preferably conformal, which means that it takes the 3D shape of the electronic or 

electrical device or component thereof and covers substantially an entire surface of the device. This 

has the advantage of ensuring that the coating has sufficient thickness to give optimal functionality 

over an entire surface of the device or component. The meaning of the term "covers substantially an 

entire surface" will depend to some extent on the type of surface to be covered. For example, for 

some components, it may be necessary for there to be complete coverage of the surface in order for 

the component to function after submersion in water. However, for other components or housings, 

small gaps in coverage may be tolerated. 

The coating may have a thickness of 50 to 10,000nm, optionally 50 to 8000nm, 100 to 5000nm, 

preferably 250nm - 5000nm, most preferably 250nm - 2000nm. 

The coating may be electrically insulating and be sufficiently compliant that electrical connectors can 

be joined to the electronic or electrical device or component thereof and an electrical connection 

made between the electrical connectors and electronic or electrical device or component thereof 

without the requirement to first remove the coating. In this case, the force exerted by the electrical 

connector on the coating is sufficient to alter the structure of or even break through the coating local 

to the electrical connector, allowing the electrical connection to be made. Electrical connectors can 

typically be joined to the electronic or electrical device or component in this way for coating 

thicknesses of under 5000nm, and for high performance coatings below 2000nm. 

The electronic or electrical device or component thereof can typically withstand immersion in up to 1 m 

of water for over 30 minutes without failure or corrosion whilst power applied to the electronic or 

electrical device or component. The effectiveness of the coating can be determined by measuring its 

electrical resistance at a fixed voltage when submerged in water for a set time period; for example, 

applying a voltage of 8V to the coating of a device which is submerged in water for 13 minutes. 

Coatings having a resistance value of 1x107 Ohms or higher in this test are effective barrier coatings 

and the coated electronic or electrical device or component thereof will pass successfully an IPX7 

test. The IPX7 test is the Ingress Protection Marking which classifies and rates the degree of 

protection provided against water. In the IPX7 test for phones, the device is immersed in water under 

defined conditions of pressure and time (up to 1 m of submersion) for a duration of 30 minutes. The 

device has to be powered on during testing and functional after 24 hrs. 

In one embodiment, the coating is electrically insulating and has a thickness of less than 1 micron and 

wherein a force of 5- 20g applied to the coating using a round probe with 1 mm diameter allows an 

electrical connection to be made with the electronic or electrical device or component thereof in the 

local area where the force has been applied. 

In another embodiment, the coating is electrically insulating and has a thickness of 1-2.5 microns and 

wherein a force of 20-1 00g applied to the coating using a round probe with 1 mm diameter allows an 

electrical connection to be made in the local area of the coating where the force has been applied. 
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The coating may have a higher density than that of the corresponding monomer from which it is 

formed. For example, the increase in density may be at least 0.1 g/cm 3
· The increase in density is 

explained by the highly crosslinked coating. The high density of the coating improves the barrier 

properties of the coating. 

The coating may form a surface defined by a static water contact angle (WCA) of at least 70°. A 

coating with a WCA of at least 90° is a liquid repellent, typically a water repellent layer. For 

fluorinated polymers, the coating may have a static water contact angle of at least 100°. The contact 

angle of a liquid on a solid substrate gives an indication of the surface energy which in turn illustrates 

the substrate's liquid repellence. Contact angles were measured on a VCA Optima contact angle 

analyser, using 3 µI droplets of deionised water at room temperature. 

Cross/inker 

A basic requirement for the cross-linking reagent is the presence two or more unsaturated bonds, for 

example, -C=C- or alkyne groups. The unsaturated bonds are attached by one or more linker 

moieties. The linker moiety is not especially limited provided it joins together the two or more 

unsaturated bonds. The cross-linking reagent must have a boiling point of less than 500 °C, 

preferably from -10 to 300°C, optionally 180 to 270°C, most preferably 205 to 260°C at standard 

pressure. It is a preference, but not a requirement, that the cross-linking reagent is not unduly 

hazardous for use in plasma processing, that is to say it can be used in a production environment 

where low levels of vapour do not present any significant health and safety issues (e.g. strongly 

oxidising, explosive, toxic, or has an offensive odour (e.g. stench reagent)). The crosslinking reagent 

preferably has one of the following structures: 

(i) 
L---Ya 

where Y 1, Y2 , Y3 , Y4 , Y5 , Y6 , Y7 and Y8 are each independently selected from hydrogen, optionally 

substituted cyclic, branched or straight chain C 1-C6 alkyl or aryl; and L is a linker moiety. 

Most preferably L has the following formula: 

yY 9, _.,,....-Y 9~ 

(iii) Y10 

where each Y9 is independently selected from, a bond, -0-, -O-C(O)-, -C(O)-O-, -YwO-C(O)-, -C(O)­

O-Yw, -OY11 -, and -Y11 O-, where Y 11 is an optionally substituted cyclic, branched or straight chain 

C 1-C8 alkylene; and 

SUBSTITUTE SHEET (RULE 26) 
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Y 10 is selected from optionally substituted cyclic, branched or straight chain Ci-C8 alkylene and a 

siloxane containing group. 

In one most preferred embodiment Y 10 has the following formula: 

(iv) 

Y12 
I 

--.... C-+--.., 
I 

Y13 
n 

wherein each Y 12 and Y 13 is independently selected from H, halo, optionally substituted cyclic, 

branched or straight chain C 1-C8 alkyl, or -OY14, where Y 14 is selected from optionally substituted 

branched or straight chain C 1-C 8 alkyl or alkenyl, and n is an integer from 1 to 10. 

Optionally, each Y 12 is Hand each Y 13 is H, i.e. Y 10, is a linear alkylene chain. For this embodiment Y9 

is preferably a vinyl ester or vinyl ether group. 

Optionally, each Y 12 is fluoro and each Y 13 is fluoro, i.e. Y 10 is a linear perfluoroalkylene chain. 

Typically, n is from 4 to 6. 

In another embodiment Y10 has the following formula: 

(v) 

wherein each Y 15 is independently selected from optionally substituted branched or straight chain C 1-

C6 alkyl. 

In one embodiment each Y 15 is methyl, and each Y9 is a bond. 

In a further embodiment Y10 has the following formula: 

SUBSTITUTE SHEET (RULE 26) 
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(vi) 

wherein Y 16 to Y19 are each independently selected from H and optionally substituted branched or 

straight chain CrC8 alkyl or alkenyl. A preferred alkenyl group is vinyl. Optionally Y18 is H or vinyl, and 

Y 16, Y 17 and Y 19 are each H. In one embodiment each of Y 16 to Y 19 is H. In another embodiment Y18 is 

vinyl, and Y 16, Y 17 and Y 19 are each H. 

In preferable embodiments for compound (i), L has one of the following structures: 

0 0 

(vii) (viii) 
~o---Y10_0~ 

(ix) 

(x) 

In another embodiment for compound (i) L has one of the following structures: 

YO"-.._./Y10_,,,,0y 
(xii) 

For L according structure (vii), Y 10 is preferably an alkylene chain or a cycloalkylene, such as those 

shown in structures iv) and vi) above. The alkylene chain may be a straight chain alkylene chain. 

When Y 10 is a cycloalkylene, cyclohexylene is preferred, most preferably 1,4 cyclohexylene. 

SUBSTITUTE SHEET (RULE 26) 
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For L according to structure (viii), Y10 is preferably structure (iv), i.e. an alkylene or fluoroalkylene 

chain. 

For L according to structure (ix), Y10 is preferably cycloalkylene, such as the cyclohexylene according 

to structure (vi). 

For L according to structure (x), Y10 is preferably structure (iv) wherein each Y12 and Y13 is F, i.e. a 

perfluoroalkylene chain. 

For L according to structure (xi) or structure (xii) Y10 is preferably alkylene or cycloalkylene. Optionally 

the alkylene or cycloalkylene may be substituted with one or more vinyl groups or alkenyl ether 

groups, preferably one or more vinyl ether groups. 

When each Yg is a bond, each Y10 may be any of structures (iv), (v) and (vi). Preferably Y10 is a 

straight chain alkylene such that the crosslinking reagent is a diene, such as a heptadiene, octadiene, 

or nonadiene, most preferably 1,7-octadiene. 

When each Yg is 0, each Y10 is preferably a branched or straight chain C1- C6 alkylene, preferably a 

straight chain alkylene, most preferably a C4 straight chain alkylene, i.e the crosslinking reagent is 

1,4-butanediol divinyl ether 

It will be understood that each Yg group can be combined with any other Yg group and Y10 group to 

form the crosslinking reagent. 

The skilled person will be aware of possible substituents for each of the cyclic, branched or straight 

chain C1-Ca alkylene groups mentioned above. The alkylene groups may be substituted at one or 

more positions by a suitable chemical group. Halo substituents are preferred, with fluoro substituents 

most preferred. Each C1-Ca alkylene group may be a C1-C3, C2-C6, or C5-Ca alkylene group. 

Particularly preferred embodiments of the crosslinker have alkyl chains for Y 10 and vinyl ester or vinyl 

ether groups on either side. 

A particularly preferred cross-linking reagent is divinyl adipate. (a divinyl ester) 

Another preferred cross-linking reagent is 1,4-butanediol divinyl ether (a divinyl ether) 

For the most preferred embodiments the crosslinking reagent is selected from Divinyl Adipate (OVA), 

1,4 Butanediol divinyl ether (BOVE), 1,4 Cyclohexanedimethanol divinyl ether (CODE), 1,7 -Octadiene 

(170D), 1,2,4 -Trivinylcyclohexane (TVCH), 1,3-Divinyltetramethyldisiloxane (DVTMDS), Diallyl 1,4-

cyclohexanedicarboxylate (DCHD), 1,6-Divinylperfluorohexane (DVPFH), 1 H, 1 H,6H,6H­

Perfluorohexanediol diacrylate (PFHDA) and glyoxal bis (diallyl acetal) ( GBDA). 

For the alkyne crosslinking reagents according to compound (ii), L is preferably selected from a 

branched or straight chain C1-Ca alkylene or an ether group. L may be a C3, C4, Cs, or C6 alkylene, 
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preferably a straight chain alkylene.Chemical structures for the particularly preferred crosslinking 

reagents are set out below in Table 1: 

Divinyl Adipate (OVA) 

1,4 Butanediol divinyl ether 

(BOVE) 

1,4 Cyclohexanedimethanol 

divinyl ether (CODE) 

1,7 -Octadiene (170D) 

1,2,4 -Trivinylcyclohexane 

(TVCH) 

1,3-

Divi nyltetramethyl d isi loxane 

(DVTMDS) 

Diallyl 1,4-

cyclohexanedicarboxylate 

(DCHD) 

1,6-Divinylperfluorohexane 

(DVPFH) 

1H,1H,6H,6H­

Perfluorohexanediol 

diacrylate (PFHDA) 

GBDA 

0 

F F 

F F 

F 

0 ~CH2 

f-½C~o0o~cH, 
H2C~O 
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1,6-heptadiyne HC== .H 

CH 
1, 7-heptadiyne HC 

1,8-heptadiyne HC== ~ -H 

Propargyl ether HC== 
/0'-..._ 

==cH 

Table 1 

Monomer Compound 

The monomer compound has the following formula: 

where R1, R2 and R4 are each independently selected from hydrogen, optionally substituted branched 

or straight chain C 1-C6 alkyl or halo alkyl or aryl optionally substituted by halo, and R 3 is selected from: 

X 
I 

C 
I 

X 

or 

where each Xis independently selected from hydrogen, a halogen, optionally substituted branched or 

straight chain Ci-C6 alkyl, halo alkyl or aryl optionally substituted by halo; and n1 is an integer from 1 

to 27. Preferably, n1 is from 1 to 12. Optionally n1 is from 4 to 12, optionally 6 to 8. 

In a preferred embodiment R3 is selected from: 

SUBSTITUTE SHEET (RULE 26) 
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0 

,)lo H X 0 
CX3 

H X 

H X -o 
m1 m2 

or 

where m 1 is an integer from Oto 13 and each X is independently selected from hydrogen, a halogen, 

optionally substituted branched or straight chain C 1-C6 alkyl, halo alkyl or aryl optionally substituted by 

halo; and m2 is an integer from 2 to 14; 

In a particularly preferred embodiment the monomer is a compound of formula l(a): 

l(a) 

R9 X X 
I I I c--c----c--cx3 
I I I 

Ra R10 X CX3 
a b C 

wherein each of R 1 , R2 , R4 , and Rs to R 10 is independently selected from hydrogen or an optionally 

substituted C 1-C6 branched or straight chain alkyl group; each Xis independently selected from 

hydrogen or halogen; a is from 0-10; bis from 2 to 14; and c is O or 1; 

; or 

the monomer is a compound of formula l(b): 

l(b) 

R9 X X 
I I I c---c---c--cx3 I I I 

Ra R10 X CX3 
a b C 

wherein each of R 1 , R2 , R4 , and Rs to R 10 is independently selected from hydrogen or an optionally 

substituted C 1-C6 branched or straight chain alkyl group; each X is independently selected from 

hydrogen or halogen; a is from 0-10; bis from 2 to 14; and c is O or 1. 

SUBSTITUTE SHEET (RULE 26) 
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The halogen may be chlorine or bromine, but is preferably fluorine for compliance with RoHS 

regulations (Restriction of Hazardous Substances). 

a is from Oto 10, preferably from Oto 6, optionally 2 to 4, most preferably 0 or 1. b is from 2 to 14, 

optionally from 2 to 10, preferably 3 to 7. 

Each of R1, R2, R4, and Rs to R10 is independently selected from hydrogen or a C1-Ce branched or 

straight chain alkyl group. The alkyl group may be substituted or unsubstituted, saturated or 

unsaturated. When the alkyl group is substituted, the location or type of the substituent is not 

especially limited provided the resultant polymer provides an appropriate liquid repellent and/or barrier 

layer. The skilled person would be aware of suitable substituents. If the alkyl group is substituted, a 

preferred substituent is halo, i.e. any of R1, R2, R4, and Rs to R10 may be haloalkyl, preferably fluoro 

alkyl. Other possible substituents may be hydroxyl or amine groups. If the alkyl group is unsaturated it 

may comprise one or more alkene or alkyne groups. 

Each of R1, R2, R4, and Rs to R10 may be independently selected from hydrogen, methyl, ethyl, n­

propyl, isopropyl, n-butyl, isobutyl, tert-butyl, sec-butyl, n-pentyl, neopentyl, n-hexyl, isohexyl, and 3-

methylpentyl. 

In a preferred embodiment each of R1, R2, R4, and Rs to R10 is independently selected from hydrogen 

or methyl. 

In a preferred embodiment, a and care each independently 0 or 1; and bis from 3 to 7. 

In one preferred embodiment each X is H. In an alternative preferred embodiment each X is F. 

Optionally R1 and R2 are both hydrogen. 

Optionally R4 is hydrogen or methyl. Preferably R1 and R2 are both hydrogen and R4 is hydrogen or 

methyl. 

Optionally Rg is hydrogen and R10 is branched or straight chain C1-Ce alkyl group. In a preferred 

embodiment R10 is methyl. 

In one embodiment each of Rs to Ra is hydrogen. 

In one embodiment each of R1, R2, R4, and Rs to R10 is hydrogen, each X is H, a=0 and c=0. 

In a particularly preferred embodiment the monomer compound has the following formula: 
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In another preferred embodiment the monomer compound has the following formula: 

where n is from 2 to 10. 

The monomer compound may be selected from 1 H, 1 H,2H,2H-perfluorohexyl acrylate (PFAC4), 

1 H, 1 H,2H,2H-perfluorooctyl acrylate (PFAC6), 1 H, 1 H,2H,2H-perfluorodecyl acrylate (PFAC8) and 

1 H, 1 H,2H,2H-perfluorododecyl acrylate (PFAC 10). 

The monomer compound may be selected from 1 H, 1 H,2H,2H-pefluorohexyl methacrylate (PFMAC4), 

1 H, 1 H,2H,2H-perfluorooctyl methacrylate (PFMAC6) and 1 H, 1 H,2H,2H-perfluorodecyl methacrylate 

(PFMAC8). 

The monomer compound of formula l(a) may have the following formula: 

HO HH H H H 

V I I I 

H ~ 0 .A-H----t-----r-y----9----9----cH3 

H R10 H CH3 
R4 a b C 

wherein a and care each independently 0 or 1, b =3-7 and n is 4 to 10, where n=a+b+c+1. 

The monomer ccompound of formula l(a) may have the following formula: 

SUBSTITUTE SHEET (RULE 26) 
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where n is 2 to 12. 

The monomer compound may be selected from ethyl hexyl acrylate, hexyl acrylate, decyl acrylate, 

lauryl dodecyl acrylate and iso decyl acrylate. 

The monomer may have the following formula: 

where n is from 4 to 14. 

The monomer may have the following formula: 

where n is from 4 to 14. 

In an additional aspect, the present invention provides a method for treating an electronic device or 

component thereof comprising: 

exposing the electronic or electrical device or component thereof to a plasma comprising a monomer 

compound and a crosslinking reagent for a period of time sufficient to allow a protective cross-linked 

polymeric coating to form on a surface of the electronic or electrical device or component thereof; 

wherein the monomer compound has the following formula: 

SUBSTITUTE SHEET (RULE 26) 
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where R1, R2 and R4 are each independently selected from hydrogen, optionally substituted branched 

or straight chain C 1-C6 alkyl or halo alkyl or aryl optionally substituted by halo, and R 3 is selected from: 

X 
I 

C 
I 

X 

or 

where each X is independently selected from hydrogen, optionally substituted branched or straight 

chain C 1-C6 alkyl, halo alkyl or aryl optionally substituted by halo; and n1 is an integer from 1 to 27; 

and wherein the crosslinking reagent comprises two or more unsaturated bonds and has a boiling 

point of less than 500 °Cat standard pressure. 

The monomer compound and the crosslinking reagent utilised in the method are described in further 

detail above. 

Typically the electronic or electrical device or component thereof is placed in a plasma deposition 

chamber, a glow discharge is ignited within said chamber, and a voltage applied as a pulsed field .. 

Preferably the applied voltage is at a power of from 30 to 800W. Optionally the voltage is pulsed in a 

sequence in which the ratio of the time on/time off is in the range of from 0.001 to 1, optionally 0.002 

to 0.5. For example, time on may be 10-500 µs, preferably 35-45 µs, or 30-40 µs, such as about 36 

µsand time off may be from 0.1 to 30 ms, preferably 0.1 to 20 ms, optionally from 5 to 15 ms, for 

example 6ms. Time on may be 35 µs, 40 µs, 45 µs. Time off may be 0.1, 1, 2, 3, 6, 8, 10, 15, 20, 25 

or 30 ms. 

The term pulsed may mean that the plasma cycles between a state of no (or substantially no) plasma 

emission (off-state) and a state where a particular amount of plasma is emitted (on-state). 

Alternatively, pulsed may mean that there is continuous emission of plasma but that the amount of 

plasma cycles between an upper limit (on-state) and lower limit (off-state). 

In a further embodiment, the invention resides in a method of forming a coating on an electronic or 

electrical device or component thereof as defined above, the method comprising: exposing said 

substrate in a chamber to a plasma comprising a monomer compound, preferably a continuous 

plasma, for a sufficient period of time to allow a protective polymeric coating to form on the substrate, 

SUBSTITUTE SHEET (RULE 26) 
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wherein during exposure of the substrate the continuous plasma has a power density of at least 

2W/litre, preferably 20W/litre. 

Optionally the voltage is applied as a pulsed field for a period of from 30 seconds to 90 minutes. 

Optionally the voltage is applied as a pulsed field for from 5 to 60 minutes. Optionally in a preliminary 

step, a continuous power plasma is applied to the electronic or electrical device or component thereof. 

The preliminary step may be conducted in the presence of an inert gas. 

Before the crosslinker and/or the monomer compound enter the deposition chamber each may be in 

the form of a gas, liquid or a solid (for example a powder) at room temperature. However, it is the 

preferred that the crosslinking reagent and the monomer compound are both liquid at room 

temperature, and most preferably that the monomer and crosslinker liquids are miscible. 

The monomer compound and/or the crosslinker will suitably be in a gaseous state in the plasma. The 

plasma may simply comprise a vapour of the monomer compound and the crosslinker. Such a vapour 

may be formed in-situ, with the compounds being introduced into the chamber in liquid form. The 

monomer may also be combined with a carrier gas, in particular, an inert gas such as helium or 

argon. 

In preferred embodiments, the monomer and/or the crosslinker may be delivered into the chamber by 

way of an aerosol device such as a nebuliser or the like, as described for example in 

WO2003/097245 and WO03/101621, the content of which is incorporated herein by reference. In 

such an arrangement a carrier gas may not be required, which advantageously assists in achieving 

high flow rates. 

In one embodiment the monomer compound and/or the crosslinking reagent are in gaseous form and 

are fed into the plasma at a rate of from 10-5000 mg/minute depending on chamber volume, whilst 

the pulsed voltage is applied. 

Optionally the plasma is created with an average power of from 0.001 to 40W/litre. 

The crosslinker may be miscible with the monomer and so introduced together or separately into the 

plasma chamber. Or the crosslinker may be immiscible with the monomer and introduced separately 

into the plasma chamber. In this context, the term "miscible" means that the crosslinker is soluble in 

the monomer, and when mixed they form a solution of uniform composition. The term "immiscible" is 

used to mean that the crosslinker is only partly soluble or insoluble in the monomer, and so either 

forms an emulsion or separates out into two layers. 

The crosslinking reagent is preferably present in an amount of from 10 to 60 (v/v) %, optionally 20 to 

40 (v/v) %, optionally 25 to 30 (v/v)o/o , optionally 30 to 50 (v/v)o/o of the total volume of monomer 

compound and crosslinking reagent, depending on the specific crosslinker. The skilled person would 

understand that the amount will vary to some extent depending on whether the coating is required to 
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be liquid repellent or provide a barrier to mass and electron transport. The skilled person would 

understand that the (v/v) percentages are those which give a stable crosslinked polymer coating and 

the highest water contact angle. 

Electronic or electrical device or component thereof 

Although the invention is of benefit in the context of a wide variety of substrates, the substrate may, in 

all aspects of the invention, advantageously be an electronic substrate. 

In some embodiments of the invention, the electronic substrate may comprise an electronic or 

electrical device, i.e. any piece of electrical or electronic equipment. Non-limiting examples of 

electrical and electronic devices include communications devices such as mobile phones, 

smartphones and pagers, radios, and sound and audio systems such as loudspeakers, microphones, 

ringers or buzzers, hearing aids, personal audio equipment such as personal CD, tape cassette or 

MP3 players, televisions, DVD players including portable DVD players, video recorders, digi and other 

set-top boxes such as Sky, computers and related components such as laptop, notebook, tablet, 

phablet or palmtop computers, personal digital assistants (PDAs), keyboards, or instrumentation, 

games consoles in particular hand-held playstations and the like, data storage devices, outdoor 

lighting systems or radio antenna and other forms of communication equipment. 

In preferred embodiments of the invention, the substrate may comprise or consist of an electronic 

component, e.g. a printed circuit board (PCB), a printed circuit board array (PCBA), a transistor, 

resistor, or semi-conductor chip. The electronic component may thus be an internal component of an 

electronic device, e.g. a mobile phone. The coatings of the invention are particularly valuable in 

preventing electrochemical migration in such components. 

In all aspects of the invention, the precise conditions under which the protective polymeric coating is 

formed in an effective manner will vary depending upon factors such as, without limitation, the nature 

of the monomer compound, the crosslinking reagent, the substrate, as well as the desired properties 

of the coating. These conditions can be determined using routine methods or, preferably, using the 

techniques and preferred features of the invention described herein, which work in particular synergy 

with the invention. 

The present invention will now be further described with reference to the following non-limiting 

examples and the accompanying illustrative drawings, of which: 

Figure 1 illustrates shows the effect of increasing the power to monomer flow ratio for CW plasmas in 

a 3 litre chamber in a prior art process. 

Figure 2 shows the same effect for pulsed plasma conditions. 
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Figure 3 shows a tapping mode image over 1Ox10 µm2 field of view of a specimen example 

(thickness d=1230 nm) prepared according to Example 1 (left hand side) and a contour line plot 

showing the data used for calculation of RMS roughness (right hand side). The AZ value indicated on 

the plot has been taken over an area of the graph that represents the majority of the coating. Peaks 

that lie above the AZ range indicate large particles and troughs that fall below the AZ range show 

voids or pinholes in the coating. The width of the peaks also gives an indication of the particle size. 

Figure 4 illustrates the effect of adding the divinyl adipate crosslinker to perfluorooctyl acrylate on 

water contact angle from a process on a 125 Litre chamber. 

Figure 5 shows the effect of adding crosslinkers in accordance with the invention on the electrical 

resistance per nm of the coatings. 

Figure 6 shows a tapping mode image of a 90 nm thick coating, prepared as described in Example 3, 

over 2x2µm2 field of view (top left), a representative contour line indicating height variation (z-axis) of 

the coating (top right) and a phase image indicating full substrate coverage (bottom left) ;RMS 

roughness of the coating is 1.65 nm and fj,_z/d =0.05 

Figure 7 shows a FTIR/ATR spectrum of a coating formed according to Example 5. 

Example 1 

Example of plasma polymerising PFAC6 with no crosslinker in a 3 litre chamber 

PFAC6 was polymerised in a 3 litre glass chamber using a continuous plasma process. In the 

experimental matrix, the continuous plasma was produced using RF power levels of 50, 100 and 200 

Watts. The process pressure was run at 30, 60 and 90 mTorr and the monomer flow rate run at 50, 

100 and 200 microlitres of liquid per minute. The duration of the process was either 10 or 40 minutes. 

The coated substrate was silicon wafer and whether the coating was tacky or not was determined by 

wiping the substrate with a finger and determining by eye if the coating had smeared. The results in 

Figure 1 indicate that for lower CW powers, the coating could easily be smeared (i.e. tacky), but by 

increasing the power to flow ratio, the coating became resistant to smearing (i.e. non-tacky) and this 

is expected to be due to additional crosslinking caused by more monomer fragmentation. The water 

contact angle was also seen to decline with increasing power to flow ratio, and this too is indicative of 

more power increasing the level of monomer fragmentation. 

The same 3 litre chamber was used to also look at the effect of power to flow ratios with pulsed 

plasma polymerisation. In these experiments, the peak power was either 250 or 500 W. The RF 

power feed was pulsed with an on time of 35 microseconds and off times of 5.5 and 1 millisecond. 

Process pressure was either 20, 35, 60 or 80 mTorr. The monomer flow was either 50 or 200 

microlitres of liquid per minute. Figure 2 shows that low power to flow conditions can generate 

coatings that can be smeared (tacky) and only by increasing the power could the smear be reduced. 

This too had a concomitant decline in water contact angle. 
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The results from Figures 1 and 2 show that plasma processing PFAC6 on its own could only lead to 

smear -free coatings when the powers were high enough to decrease the other desirable property of 

the water contact angle This illustrates the need to add a crosslinker to prevent the coating smearing 

and maintain the water contact angle. 

Example 2 

Examples of Perfluoro Alkyl Acrylate co-polymerisation with Crosslinker to show 

improvements in electrical resistance 

Perfluorooctyl acrylate monomer was mixed with a single crosslinker from the following list: 

VINYL ESTERS: Divinyl adipate (OVA) 

VINYL ETHERS: 1,4-Butanediol divinyl ether (BOVE); 1,4 Cyclohexanedimethanol divinyl ether 

(CODE) 

DI- or TRI- VINYLS: 1,7-0ctadiene (1,7-0D); 1,2,4-Trivinylcyclohexane (TVCH); 

DI VINYL with alkyl fluoro group: 1 ,6-divinylperfluorohexane (DVPFH) 

DI VINYL with silicon group: 1,3-Divinyl tetramethyldisiloxane (DVTMDS) 

DI VINYL with cyclic ring and carboxylate groups: Diallyl 1,4-cyclohexanedicarboxylate (DCHC) 

DI ACRYLATE: 1 H1 H,6H,6H-perfluorohexanediol diacrylate (PFHDA) 

The crosslinker was mixed with the PFAC6 as a percentage by volume for the following percentages: 

20, 40 , 60 , 80, and 100%. 

Plasma initiated polymerisation reactions were carried out in a 3 litre glass plasma chamber. The 

substrates were test circuit boards. The PFAC6/crosslinker mixture was introduced at a rate of 0.04 -

0.06 ul/min and the process pressure was 40 mTorr. The process plasma consisted of a 1 minute 

continuous plasma (CW) step of SOW followed by 10 - 20 minute pulsed plasma (PW) step of SOW 

and RF power being delivered by a pulse sequence with a duty cycle of 6.9%. The coated circuit 

boards were immersed in tap water and an 8V potential was applied for 13 minutes. The final current 

readings, together with coating thickness measurements, were used to calculate the electrical 

resistance per nm of coating. Figure S below shows the effect of adding a range of crosslinkers on 

the electrical resistance per nm of the barrier coatings. Figure S clearly shows the improvement in 

resistance that can be gained by adding the crosslinker to the PFAC6 monomer. Furthermore, all of 

the crosslinkers tested gave non-smear/non-tacky coatings with concentration levels of 20% and 

above, with the exceptions of DVTMDS, DCHD, PFHDA and DVPFH which were non-smear at levels 

of 40% and above. 
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Example 3 

Example of crosslinker concentration on water repellent coating. 

Water repellent coatings were prepared in a 125 litre volume chamber using PFAC6 with different 

levels of divinyl adipate (OVA) and using helium as a carrier gas. The deposition process consisted 

of a 3 minute CW step with 300W power and a pulsed step with 150W power and an RF pulse duty 

cycle of 0.018%. Silicon wafer was used as the test substrates and the contact angle of the coated 

wafer was determined by applying a 3ul drop of deionised wafer onto the coated wafer and measuring 

the contact angle using a VGA Optima (AST products) with image analysis software. The variation of 

contact angle with (v/v)o/o OVA crosslinker is shown in Figure 4. It was also noted that for the 10 (v/v) 

% OVA concentration, the water drop left a mark on the coated wafer where it's circumference had 

been. This indicated that a higher level of crosslinker was required to give a more stable coating. 

This observation, in combination with the results in figure 4, suggest an optimum range of 20 - 40 

(v/v) % OVA crosslinker, though this is likely to vary, typically within the range of from 10-60 (v/v) % 

for different monomers and crosslinkers and different chamber sizes. 

Pulsed plasma polymerisation of perfluoro alkyl acrylate in the presence of divinyl adipate (OVA) was 

carried out in a 125 litre chamber. Figure 4 shows the effect of adding different liquid volume 

percentages of OVA crosslinker to perfluorooctyl acrylate on water contact angle on a silicon wafer 

substrate. 

Example 4 

Example of AFM measurement of monomer/crosslinker co-polymer coating 

A barrier-style coating was prepared in a 22 litre volume chamber using PFAC6 with 10% OVA. The 

deposition process consisted of a 1 minute CW step with a CW power to flow ratio of 3.9 

(W/microliter/min), and a pulsed step with a PW power/monomer flow ratio of 0.28 (W/microlitres/min). 

Figure 6 shows the representative topographical and phase contrast images were obtained from all 

the samples. High spatial resolution images show mainly the structures of areas between the raised 

features. The RMS roughness of the coating is 1.65 nm and the b..z/d = 0.05. As the b..z/d value is< 

0.15, then this indicates that the physical layer is substantially pinhole free. 

Example 5 

Example of FTIR/ATR measurement of monomer/crosslinker co-polymer coating 

Two barrier-style coatings were prepared in a 22 litre volume chamber using PFAC6 only and PFAC6 

with 10% OVA as described in example 4. The deposition process consisted of a 1 minute CW step 

with a CW power to flow ratio of 3.9 (W/microliter/min), and a pulsed step with a PW power/monomer 

flow ratio of 0.28 (W/microlitres/min). Figure 7 shows the representative FTIR/ATR spectrum obtained 

from both samples. 
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The FTIR/ATR intensity ratios of peaks attributed to stretching mode of CF3 and C=O groups, 

CF3/C=O, of the coating is indicative of sufficient cross linking in the coating to form a physical barrier. 

CF3 refers to the terminal groups in the side chain of PFAC6. 

Formation of the barrier coatings is believed to be caused by a mixture of cross linking and controlled 

fragmentation ofthe monomers during polymerisation. Cross linking is believed to be predominantly 

via the CF2-CF3 chain, whilst fragmentation is thought to be predominantly through loss of the C=O 

group during polymerisation and to a lesser extent shortening of the CF2 chain. Cross linking effects 

the abundance of -CF3 groups in the coating and controlled fragmentation controls the amount of 

C=O groups in the coating. The ratio of these two functional groups is an indication that sufficient 

cross-linking and fragmentation has taken place and can be measured by the ratio of the intensities of 

the corresponding FTIR/ATR peaks. 

It has been shown that coatings with reduced CF3 / C=O ratios give higher resistance values in the 

electrical test, as described in Example 2, showing an improved coating performance on increased 

cross linking (for CF3) and fragmentation (for C=O). If the FTIR/ATR intensity ratio of the peaks 

attributed to -CF3 stretching and C=O stretching, CF3/C=O, is less than 0.6e-0 1n (where n=6 for 

PFAC6) the resistance of the coating at the electrical test is expected to be higher than 8MOhms. 

The peak intensity ratio CF31C=O the coating thickness and the final current readings during the 

electrical test are shown in table 2: 

Resistance in CFJC=O 

Thickness water at av 
ATR peak intensity 

(nm) (Ohms) ratio 

PFAC6 1480 2.1x107 0.23 

PFAC6 and 

10%DVA 

(in volume) 
1450 9.2x109 0.11 

Table 2 
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Claims: 

1. An electronic or electrical device or component thereof comprising a protective cross-linked 

polymeric coating on a surface of the electronic or electrical device or component thereof; 

wherein the protective cross-linked polymeric coating is obtainable by exposing the electronic or 

electrical device or component thereof to a plasma comprising a monomer compound and a 

crosslinking reagent for a period of time sufficient to allow formation of the protective cross-linked 

polymeric coating on a surface thereof, 

wherein the monomer compound has the following formula: 

where R1 , R2 and R4 are each independently selected from hydrogen, optionally substituted branched 

or straight chain C 1-C6 alkyl or halo alkyl or aryl optionally substituted by halo, and R 3 is selected from: 

X 
I 

C 
I 

X 

or 

where each Xis independently selected from hydrogen, a halogen, optionally substituted branched or 

straight chain CrC6 alkyl, halo alkyl or aryl optionally substituted by halo; and n1 is an integer from 1 

to 27; and wherein the crosslinking reagent comprises two or more unsaturated bonds attached by 

means of one or more linker moieties and has a boiling point of less than 500 °C at standard 

pressure. 

2. An electronic or electrical device or component thereof according to claim 1, wherein the 

protective cross-linked polymeric coating is a physical barrier to mass and electron transport. 

3. An electronic or electrical device or component thereof according to claim 1 or claim 2, wherein 

the protective cross-linked polymeric coating forms a liquid repellent surface defined by a static 

water contact angle (WCA) of at least 90°. 

4. An electronic or electrical device or component thereof according to any preceding claim, 

wherein the crosslinking reagent has one of the following structures: 
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(i) (ii) y 7 L---Ya 

where Y 1 , Y 2 , Y 3 , Y 4 , Y5 , Y 6 , Y7 and Y 8 are each independently selected from hydrogen, optionally 

substituted cyclic, branched or straight chain C1-C6 alkyl or aryl; and L is a linker moiety. 

5. An electronic or electrical device or component thereof according to claim 4, wherein for 

compound (i) L has the following formula: 

each Y 9 is independently selected from, a bond, -0-, -0-C(O)-, -C(0)-0-, -YwO-C(O)-, -C(0)-0-Yw, 

-OYw, and -Y11 0-, where Y 11 is an optionally substituted cyclic, branched or straight chain C 1-C8 

alkylene; and 

Y 10 is selected from optionally substituted cyclic, branched or straight chain C 1-C8 alkylene and a 

siloxane group. 

6. An electronic or electrical device or component thereof according to claim 5, wherein for 

compound (i) L has one of the following structures: 

0 0 

~O,,,-Y1o_O~ 

7. An electronic or electrical device or component thereof according to claim 5, wherein for 

compound (i) L has one of the following structures: 

YO....._,,,,,Y10__.,,,0y 

8. An electronic or electrical device or component thereof according to any of claims 5 to 7, 

wherein Y 10 has the following formula: 
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wherein each Y 12 and Y 13 is independently selected from H, halo, optionally substituted cyclic, 

branched or straight chain alkyl, or -OY14, where Y14 is selected from optionally substituted branched 

or straight chain C 1-C8 alkyl or alkenyl, and n is an integer from 1 to 10. 

9. An electronic or electrical device or component thereof according to claim 8, wherein each Y 12 

is H and each Y13 is H. 

10. An electronic or electrical device or component thereof according to claim 8, wherein each Y 12 

is fluoro and each Y 13 is fluoro. 

11. An electronic or electrical device or component thereof according to any of claims 8 to 10, 

wherein n is from 4 to 6. 

12. An electronic or electrical device or component thereof according to any of claims 5 to 7, 

wherein Y 10 has the following formula: 

Wherein each Y 15 is independently selected from optionally substituted branched or straight 

chain CrC6 alkyl. 

13. An electronic or electrical device or component thereof according to claim 12, wherein each Y 15 

is methyl, and each Y9 is a bond. 

14. An electronic or electrical device or component thereof according to any of claims 5 to 7, 

wherein Y 10 has the following formula: 

wherein Y 16 to Y 19 are each independently selected from H and optionally substituted branched or 

straight chain CrC8 alkyl or alkenyl. 
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15. An electronic or electrical device or component thereof according to claim 14, wherein Y 18 is H 

or vinylene, and Y 16 , Y 17 and Y 19 are each H. 

16. An electronic or electrical device or component thereof according to any preceding claim 

wherein the crosslinking reagent is selected from Divinyl Adipate (DVA), 1,4 Butanediol divinyl 

ether (BDVE), 1,4 Cyclohexanedimethanol divinyl ether (CDDE), 1, 7 -Octadiene (17OD), 1,2,4 -

Trivinylcyclohexane (TVCH), 1,3-Divinyltetramethyldisiloxane (DVTMDS), Diallyl 1,4-

cyclohexanedicarboxylate (DCHD), 1,6-Divinylperfluorohexane (DVPFH), 1H,1H,6H,6H­

Perfluorohexanediol diacrylate (PFHDA) and glyoxal bis (diallyl acetal) ( GBDA). 

17. An electronic or electrical device or component thereof according to claim 4, wherein for 

compound (ii), L is selected from a branched or straight chain C 1-C8 alkylene or an ether group. 

18. An electronic or electrical device or component thereof according to any preceding claim 

wherein the monomer is a compound of formula l(a): 

l(a) 

R9 X X 
I I I _,-t-------+-----+-c--c----c--cx3 
I I I 

R10 X CX3 
a b 

Ra 
C 

wherein each of R 1 , R2 , R4 , and R 5 to R 10 is independently selected from hydrogen or an optionally 

substituted C 1-C6 branched or straight chain alkyl group; each X is independently selected from 

hydrogen or halogen; a is from 0-10; bis from 2 to 14; and c is 0 or 1; 

; or 

wherein the monomer is a compound of formula l(b): 

l(b) 

R9 X X 
I I I c--c----c--cx3 I I I 

Ra R10 X CX3 
a b C 
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wherein each of R 1 , R2 , R4 , and Rs to R 10 is independently selected from hydrogen or an optionally 

substituted Ci-Ce branched or straight chain alkyl group; each X is independently selected from 

hydrogen or halogen; a is from 0-10; bis from 2 to 14; and c is 0 or 1. 

19. An electronic or electrical device or component thereof according to claim 18, wherein the 

halogen is fluorine. 

20. An electronic or electrical device or component thereof according to claim 18 or claim 19, 

wherein each of R 1, R2 , R4 , and Rs to R 10 is independently selected from hydrogen, methyl, 

ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, sec-butyl, n-pentyl, neopentyl, n-hexyl, 

isohexyl, and 3-methylpentyl. 

21. An electronic or electrical device or component thereof according to claim 20, wherein each of 

R 1 , R2 , R 4 , and Rs to R 10 is independently selected from hydrogen or methyl. 

22. An electronic or electrical device or component thereof according to any of claims 18 to 20, 

wherein a and care each independently 0 or 1; and bis from 3 to 7. 

23. An electronic or electrical device or component thereof according to any preceding claim 

wherein each Xis H. 

24. An electronic or electrical device or component thereof according to any of claims 1 to 22, 

wherein each Xis F. 

25. An electronic or electrical device or component thereof according to any of claims 18 to 24, 

wherein R1 and R2 are both hydrogen. 

26. An electronic or electrical device or component thereof according to any of claims 18 to 25, 

wherein R4 is hydrogen or methyl. 

27. An electronic or electrical device or component thereof according to any of claims 18 to 26, 

wherein R9 is hydrogen and R 10 is branched or straight chain Ci-Ce alkyl group. 

28. An electronic or electrical device or component thereof according to claim 27, wherein R 10 is 

methyl. 

29. An electronic or electrical device or component thereof according to any of claims 18 to 28, 

wherein each of Rs to R8 is hydrogen. 

30. An electronic or electrical device or component thereof according to any of claims 18 to 29 

wherein each of each of R 1, R 2 , R4 , and Rs to R 10 is hydrogen, each Xis H, a=0 and c=0. 

31. An electronic or electrical device or component thereof according to any of claims 24 to 30, 

wherein the compound of formula l(a) has the following formula: 

where n is from 2 to 10. 
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32. An electronic or electrical device or component thereof according to any of claims 24 to 30, 

wherein the compound of formula l(a) has the following formula: 

where n is from 2 to 10. 

33. An electronic or electrical device or component thereof according to claim 31, wherein the 

compound of formula l(a) is selected from 1 H, 1 H,2H,2H-perfluorohexyl acrylate (PFAC4), 

1 H, 1 H ,2H ,2H-perfluorooctyl acrylate (PFAC6), 1 H, 1 H ,2H ,2H-perfluorodecyl acrylate (PF AC8) 

and 1 H, 1 H,2H,2H-perfluorododecyl acrylate (PFAC10). 

34. An electronic or electrical device or component thereof according to claim 32, wherein the 

compound of formula l(a) is selected from 1 H, 1 H,2H,2H-pefluorohexyl methacrylate (PFMAC4), 

1 H, 1 H,2H,2H-perfluorooctyl methacrylate (PFMAC6) and 1 H, 1 H,2H,2H-perfluorodecyl 

methacrylate (PFMAC8). 

35. An electronic or electrical device or component thereof according to any of claims 18 to 23, 

wherein the compound of formula l(a) has the following formula: 

HO HH H H H 

V 
I I I 

H ~ 0 _A-H---;------r-y--y----y--CH3 
H R10 H CH3 

R4 a b C 

wherein a and care each independently 0 or 1, b =3-7 and n is 4 to 10, where n=a+b+c+1. 

36. An electronic or electrical device or component thereof according to any of claims 18 to 23, 

wherein the compound of formula l(a) has the following formula: 
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where n is 2 to 12. 

37. An electronic or electrical device or component thereof according to claim 35 or claim 36, 

wherein the compound of formula l(a) is selected from ethyl hexyl acrylate, hexyl acrylate, decyl 

acrylate, lauryl dodecyl acrylate and iso decyl acrylate. 

38. An electronic or electrical device or component thereof according to any of claims 18 to 23, 

wherein the monomer is a compound of formula l(b) and has the following formula: 

where n is from 4 to 14, optionally where R1 , R2 and R3 are each H. 

39. An electronic or electrical device or component thereof according to any of the preceding 

claims, wherein the electronic or electrical device or component thereof is selected from mobile 

phones, smartphones, pagers, radios, sound and audio systems such as loudspeakers, 

microphones, ringers and/or buzzers, hearing aids, personal audio equipment such as personal 

CD, tape cassette or MP3 players, televisions, DVD players including portable DVD players, 

video recorders, digi and other set-top boxes, computers and related components such as 

laptop, notebook, tablet, phablet or palmtop computers, personal digital assistants (PDAs), 

keyboards, or instrumentation, games consoles, data storage devices, outdoor lighting 

systems, radio antennae and other forms of communication equipment, and printed circuit 

boards. 

40. A method for treating an electronic or electrical device or component thereof comprising: 

exposing the electronic or electrical device or component thereof to a plasma 

comprising a monomer compound and a crosslinking reagent for a period of time sufficient to allow a 

protective cross-linked polymeric coating to form on a surface of the electronic or electrical device or 

component thereof; 

wherein the monomer compound has the following formula: 
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where R1, R2 and R4 are each independently selected from hydrogen, optionally substituted branched 

or straight chain C 1-C6 alkyl or halo alkyl or aryl optionally substituted by halo, and R 3 is selected from: 

X 
I 

C 
I 

X 
CX3 

or 

where each X is independently selected from hydrogen, optionally substituted branched or straight 

chain CrC6 alkyl, halo alkyl or aryl optionally substituted by halo; and n 1 is an integer from 1 to 27; 

and wherein the crosslinking reagent comprises two or more unsaturated bonds attached by means of 

one or more linker moieties and has a boiling point at standard pressure of less than 500°C. 

41. A method according to claim 40, wherein the crosslinking reagent has one of the following 

structures: 

(i) 
L---Ya 

where Y 1 , Y 2 , Y 3 , Y 4 , Y5 , Y 6 , Y 7 and Y8 are each independently selected from hydrogen, optionally 

substituted cyclic, branched or straight chain C 1-C6 alkyl or aryl; and L is a linker moiety. 

42. A method according to claim 41, wherein for compound (i) L has the following formula: 

each Y 9 is independently selected from, a bond, -0-, -0-C(O)-, -C(0)-0-, -YwO-C(O)-, -C(O)-O-Y11 -, 

-OYw, and -Y11 0-, where Y 11 is an optionally substituted cyclic, branched or straight chain C 1-C8 

alkylene; and 

Y 10 is selected from optionally substituted cyclic, branched or straight chain C 1-C8 alkylene and a 

siloxane group. 

43. A method according to claim 42, wherein for compound (i) L has one of the following structures: 

0 0 

~ 0 .X10_0 ~ 
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44. A method according to claim 42, wherein for compound (i) L has one of the following structures: 

yO'-../Y10-./0y 

45. An method according to any of claims 42 to 44, wherein Y 10 has the following formula: 

Y12 
I ---c---
1 

Y13 
n 

wherein each Y 12 and Y 13 is independently selected from H, halo, optionally substituted cyclic, 

branched or straight chain alkyl, or -OY14 , where Y14 is selected from optionally substituted branched 

or straight chain C 1-C8 alkyl or alkenyl, and n is an integer from 1 to 10. 

46. A method according to claim 45, wherein each Y 12 is Hand each Y 13 is H. 

47. A method according to claim 45, wherein each Y 12 is fluoro and each Y 13 is fluoro. 

48. A method according to any of claims 45 to 47, wherein n is from 4 to 6. 

49. A method according to any of claims 42 to 44, wherein Y 10 has the following formula: 

Wherein each Y 15 is independently selected from optionally substituted branched or straight 

chain Ci-CB alkyl. 

50. A method according to claim 49, wherein each Y 15 is methyl, and each Y 9 is a bond. 

51. A method according to any of claims 42 to 44, wherein Y 10 has the following formula: 
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wherein Y 16 to Y 19 are each independently selected from H and optionally substituted branched or 

straight chain CrC8 alkyl or alkenyl. 

52. An method according to claim 51, wherein Y18 is vinylene or H, and Y 16 , Y 17 and Y 19 are each 

H. 

53. A method according to any of claims 40 to 52, wherein the crosslinking reagent is selected from 

Divinyl Adipate (DVA), 1,4 Butanediol divinyl ether (BDVE), 1,4 Cyclohexanedimethanol divinyl 

ether (CDDE), 1,7 -Octadiene (170D), 1,2,4 -Trivinylcyclohexane (TVCH), 1,3-

Divinyltetramethyldisiloxane (DVTMDS), Diallyl 1,4-cyclohexanedicarboxylate (DCHD), 1,6-

Divinylperfluorohexane (DVPFH), 1H,1H,6H,6H-Perfluorohexanediol diacrylate (PFHDA) and 

glyoxal bis (diallyl acetal) ( GBDA). 

54. A method according to claim 41, wherein for compound (ii}, L is selected from a branched or 

straight chain CrC8 alkylene or an ether group. 

55. A method according to any of claims 40 to 54 wherein the monomer is a compound of formula 

l(a}: 

l(a} 

R9 X X 
I I I 

....t--------t--rC----+-C--C--CX3 I I I 
R10 X CX3 

a b 
Ra 

C 

wherein each of R 1 , R2 , R4 , and R 5 to R 10 is independently selected from hydrogen or an optionally 

substituted C 1-C6 branched or straight chain alkyl group; each X is independently selected from 

hydrogen or halogen; a is from 0-10; bis from 2 to 14; and c is 0 or 1; 

; or 

wherein the monomer is a compound of formula l(b}: 

l(b} 
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R9 X X 
I I I c---c----c--cx3 I I I 

Ra R10 X CX3 
a b C 

wherein each of R 1 , R2 , R4 , and Rs to R 10 is independently selected from hydrogen or an optionally 

substituted C 1-C6 branched or straight chain alkyl group; each X is independently selected from 

hydrogen or halogen; a is from 0-10; bis from 2 to 14; and c is 0 or 1. 

56. A method according to claim 55, wherein the halogen is fluorine. 

57. A method according to claim 55 or claim 56, wherein each of R 1 , R2 , R4 , and Rs to R10 is 

independently selected from hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert­

butyl, sec-butyl, n-pentyl, neopentyl, n-hexyl, isohexyl, and 3-methylpentyl. 

58. A method according to claim 57, wherein each of R1 , R 2 , R4 , and Rs to R 10 is independently 

selected from hydrogen or methyl. 

59. A method according to any of claims 55 to 58, wherein a and care each independently 0 or 1; 

and bis from 3 to 7. 

60. A method according to any preceding claim wherein each X is H. 

61. A method according to any of claims 41 to 59, wherein each Xis F. 

62. A method according to any of claims 41 to 61, wherein R1 and R2 are both hydrogen. 

63. A method according to any of claims 41 to 62, wherein R4 is hydrogen or methyl. 

64. A method according to any of claims 41 to 63, wherein R9 is hydrogen and R10 is branched or 

straight chain CrC6 alkyl group. 

65. A method according to claim 64, wherein R10 is methyl. 

66. A method to any of claims 41 to 65, wherein each of Rs to R8 is hydrogen. 

67. A method according to any of claims 41 to 66 wherein each of each of R 1 , R2 , R4 , and Rs to R 10 

is hydrogen, each Xis H, a=0 and c=0. 

68. A method according to any of claims 61 to 67, wherein the compound of formula l(a) has the 

following formula: 

where n is from 2 to 10. 

69. A method according to any of claims 61 to 67, wherein the compound of formula l(a) has the 

following formula: 
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where n is from 2 to 10. 

70. A method according to claim 68, wherein the compound of formula l(a) is selected from 

1 H, 1 H,2H,2H-perfluorohexyl acrylate (PFAC4), 1 H, 1 H,2H,2H-perfluorooctyl acrylate (PFAC6), 

1 H, 1 H,2H,2H-perfluorodecyl acrylate (PFAC8) and 1 H, 1 H,2H ,2H-perfluorododecyl acrylate 

(PFAC10). 

71. A method according to claim 69, wherein the compound of formula l(a) is selected from 

1 H, 1 H,2H,2H-pefluorohexyl methacrylate (PFMAC4), 1 H, 1 H,2H,2H-perfluorooctyl methacrylate 

(PFMAC6) and 1 H, 1 H,2H,2H-perfluorodecyl methacrylate (PFMAC8). 

72. A method according to any of claims 41 to 61, wherein the compound of formula l(a) has the 

following formula: 

H 0 H H H H H 

H-VOH I I I 
C C C CH3 
I I I 

H R10 H CH3 
R4 a b C 

wherein a and c are each independently 0 or 1, b =3-7 and n is 4 to 10, where n=a+b+c+1. 

73. A method according to any of claims 41 to 61, wherein the compound of formula l(a) has the 

following formula: 

where n is 2 to 12. 
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74. A method according to claim 72 or claim 73, wherein the compound of formula l(a) is selected 

from ethyl hexyl acrylate, hexyl acrylate, decyl acrylate, lauryl dodecyl acrylate and iso decyl 

acrylate. 

75. A method according to any of claims 41 to 60, wherein the monomer is a compound of formula 

l(b) and has the following formula: 

where n is from 4 to 14. 

76. A method according to claim 75 wherein the monomer is a compound of formula l(b) and has 

the following formula: 

where n is from 4 to 14. 

77. A method according to any of claims 40 to 76 wherein the electronic or electrical device or 

component thereof is placed in a plasma deposition chamber, a glow discharge is ignited within 

said chamber, and a voltage applied as a pulsed field. 

78. A method according to claim 77 wherein applied voltage is at a power of from 40 to 500W. 

79. A method according to claim 77 or claim 78 wherein the voltage is pulsed in a sequence in 

which the ratio of the time on : time off is in the range of from 1 :500 to 1 :1500. 

80. A method according to any of claims 77 to 79 wherein the voltage is pulsed in a sequence 

where power is on for 20-50µs, and off for from 1 000µs to 30000µs. 

81. A method according to any of claims 77 to 80 wherein the voltage is applied as a pulsed field 

for a period of from 30 seconds to 90 minutes. 

82. A method according to claim 81 wherein the voltage is applied as a pulsed field for from 5 to 60 

minutes. 

83. A method according to any one of claims 77 to 82, wherein in a preliminary step, a continuous 

power plasma is applied to the electronic or electrical device or component thereof. 
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Fann PCT/ISA/210 (patent family annex) (April 2005) 

I Publication 
date I Patent family 

member(s) 

26-07-2007 AU 2007206779 Al 
CA 2637625 Al 
CN 101370877 A 
CN 103396688 A 
EP 1976942 Al 
GB 2434369 A 
IL 192905 A 
JP 2009523914 A 
KR 20080097201 A 
KR 20140063887 A 
NZ 570462 A 
TW 1400014 B 
US 2010189914 Al 
WO 2007083122 Al 
ZA 200806846 B 

08-04-1998 AR 
EP 
us 

004877 Al 
0834352 Al 
6169127 Bl 

02-10-2014 CN 105075408 A 
EP 2979524 Al 
JP 2016521296 A 
KR 20150135420 A 
TW 201446890 A 
WO 2014155099 Al 

I Publication 
date 

26-07-2007 
26-07-2007 
18-02-2009 
20-11-2013 
08-10-2008 
25-07-2007 
27-06-2013 
25-06-2009 
04-11-2008 
27-05-2014 
26-11-2010 
21-06-2013 
29-07-2010 
26-07-2007 
25-11-2009 

10-03-1999 
08-04-1998 
02-01-2001 

18-11-2015 
03-02-2016 
21-07-2016 
02-12-2015 
16-12-2014 
02-10-2014 
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Doc Code: PA .. 
Document Description: Power of Attorney PTO/AlA/82A (07-13) 

Appl"Qved for use through 01/31/2018. 0MB 0651-0035 
U.S. Patent and Tradem11rk Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no pesrsons 11re required lo rE!spond to a collection of information unleijs it di$pl$y$ a ¥$lid OMS control number. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AlN82B) to identify the application to which the 
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of 
Attorney by Applicant form. lf neither form PTO/AIN82A nor form PTO/AIA828 identifies the application to which the Power of Attorney is 
directed, the Power of Attorney will not be recognized in the application. 

Application Number Not Yet Assigned 

Filing Date Herewith 

First Named Inventor Stephen Richard COULSON 

Title COATINGS 

Art Unit Not Yet Assigned 

Examiner Name Not Yet Assigned 
Attorney Docket Number GBL0007/US 

SIGNATOR~oi..Abnlicant or Patent Practitioner 
i\ \; .~, :~ Signature ~- ·---·----·---\_-,,_G •-' 

Date (Optional) December 8, 2017 
~ I ~ 

'--" 
Name Paul J. Parins Registration 54,358 

Number 

Title (if Applicant fs a 
juristic entity) 

Applicant Name (if Appllcant is a juristic entity} 
I 

NQTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If 
more than one a. eHcant, use multj,Qle forms. 

I ✓ I *Total of j forms are submitted. 

This collection of information is req~1lred by 37 CFR 1. 131, 1.32, and 1.33. The information is required to obtain or retain a benefit by 
the public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 a11d 37 CFR 
1. 11 and 1.14. This collection Is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require 
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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Doc Code: PA.. 
PTO/AIN82B (07-13) 

Approved for use through 11/30/2014. 0MB 0651-0051 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are req.uired to respond to a collection of inforrrmtion unless It displays a valid. 0MB control number 

Document Description: Power of Attorney 

ROWER OF ATTORNEY BY APPLICANT 

lherebyrevoke all previous powers of attorney given in the application identified in either the attached transmittal lette~Br< 
the boxes.below. · · · · ·· 

• 

I Applicatlo, Numbe, 

(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.) 

I hereby appoint the Patent PracUtioner(s) associated with the foUowing Customer Number as my/our attomey(s) or agent(s), and 
to transact all business in the United States Patent and Trademark Offic~ connected therewith for the application referenced in 
the attached transmittal letter (form PTO/AIA/82A) or identified above: I • · ·. · I 
OR . ~3_3_07_2 ______ ~. 

'' . . .. 

I hereby appoint Practitioner(s) named in the attached list (formPTO/AIA/82C) as my/our attorney(s) or agerit(s), and to transact 
all business in the United States Patent and Trademark Office connected therewith for the patent appUcation referenced in the 
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.) · 

Please recognize or change the correspondence address for the application identified in the attached transmittal 
letter or the boxes above to: . ;: .. 

~ The address associated with the above-mentioned Customer Number 

• 
Address 

City 

Country 

OR 

The address associated with Customer Number: 

OR 
Firm or 
Individual Name 

Telephone 

State 

Email 

I am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box): 

jP2i Ltd 

• Inventor or Joint Inventor (title not required below) 

Zip 

D Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below) 

~ 
• 

Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity) 

Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the 
a plication or is concurrent! bein filed with this document rovide si ner's title if a licant is a ·uristic entit 

SIGNATURE of Applicant for Patent 

The undersigned (whose title is supplied below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity). 

Name Dr. Kenneth Armour 

Title In-House Counsel , P21 LTD 

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements 
and certifications. If more than one applicant, use multiple forms. 

~Total of forms are submitted. 
This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

· If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 

Applicant's or agent's file reference FOR FURTHER see Form PCT/ISA/220 

P2494PC00 ACTION as well as, where applicable, item 5 below. 

International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year) 

PCT/GB2016/051688 8 June 2016 (08-06-2016) 9 June 2015 (09-06-2015) 

Applicant 

P21 LTD 

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of ______ 3 ___ sheets. 

[R] It is also accompanied by a copy of each prior art document cited in this report. 

1 . Basis of the report 

2. 

3. 

a. With regard to the language, the international search was carried out on the basis of: 

b. • 
C. • 
• 
• 

0 the international application in the language in which it was filed 

• a translation of the international application into ___________ , which is the language 
of a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1 (b)) 

This international search report has been established taking into account the rectification of an obvious mistake 
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I. 

Certain claims were found unsearchable (See Box No. II) 

Unity of invention is lacking (see Box No Ill) 

4. With regard to the title, 

[R] the text is approved as submitted by the applicant 

D the text has been established by this Authority to read as follows: 

5. With regard to the abstract, 

0 
• 

the text is approved as submitted by the applicant 

the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant 
may, within one month from the date of mailing of this international search report, submit comments to this Authority 

6. With regard to the drawings, 

a. the figure of the drawings to be published with the abstract is Figure No. ______ _ 

b. (R] 

D as suggested by the applicant 

D as selected by this Authority, because the applicant failed to suggest a figure 

D as selected by this Authority, because this figure better characterizes the invention 

none of the figures is to be published with the abstract 

Form PCT/ISA/21 0 (first sheet) (January 2015) 
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INTERNATIONAL SEARCH REPORT 
International application No 

PCT/GB2016/051688 
A. CLASSIFICATION OF SUBJECT MATTER 

INV. C09D5/00 
ADD. 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

C09D 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 

EPO-Internal, WPI Data 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category· Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

y WO 2007/083122 Al (P2I LTD [GB]; COULSON 1-91 
STEPHEN [GB]) 26 July 2007 (2007-07-26) 
claims 10. 11. 27; example 1 

-----
y EP 0 834 352 Al (CIBA GEIGY AG [CH]) 1-91 

8 April 1998 (1998-04-08) 
claim 8· page 5 line 59 - page 6 lines • 
1-2; example B-14 

-----
A WO 2014/155099 Al (SEMBLANT LTD [GB]) 1-91 

2 October 2014 (2014-10-02) 
claims 1. 5 together with examples 1. 2 
and 3 

-----

• Further documents are listed in the continuation of Box C. [] See patent family annex. 

* Special categories of cited documents : 
"T" later document published after the international filing date or priority 

"A" document defining the general state of the art which is not considered 
date and not in conflict with the application but cited to understand 

to be of particular relevance 
the principle or theory underlying the invention 

"E" earlier application or patent but published on or after the international ·x· document of particular relevance; the claimed invention cannot be 
filing date considered novel or cannot be considered to involve an inventive 

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone 
cited to establish the publication date of another citation or other •y• document of particular relevance; the claimed invention cannot be 
special reason (as specified) considered to involve an inventive step when the document is 

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination 
means being obvious to a person skilled in the art 

"P" document published prior to the international filing date but later than 
the priority date claimed "&• document member of the same patent family 

Date of the actual completion of the international search Date of mailing of the international search report 

28 October 2016 08/11/2016 
Name and mailing address of the ISA/ Authorized officer 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 

3 Tel. (+31-70) 340-2040, Kositza, Matthias Fax: (+31-70) 340-3016 

Fonn PCT/ISA/210 (second sheet) (April 2005) 
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INTERNATIONAL SEARCH REPORT 
International application No 

Information on patent family members 
PCT/GB2016/051688 

Patent document 
cited in search report 

WO 2007083122 Al 

EP 0834352 Al 

WO 2014155099 Al 

Fonn PCT/ISA/210 (patent family annex) (April 2005) 

I Publication 
date I Patent family 

member(s) 

26-07-2007 AU 2007206779 Al 
CA 2637625 Al 
CN 101370877 A 
CN 103396688 A 
EP 1976942 Al 
GB 2434369 A 
IL 192905 A 
JP 2009523914 A 
KR 20080097201 A 
KR 20140063887 A 
NZ 570462 A 
TW 1400014 B 
US 2010189914 Al 
WO 2007083122 Al 
ZA 200806846 B 

08-04-1998 AR 
EP 
us 

004877 Al 
0834352 Al 
6169127 Bl 

02-10-2014 CN 105075408 A 
EP 2979524 Al 
JP 2016521296 A 
KR 20150135420 A 
TW 201446890 A 
WO 2014155099 Al 

I Publication 
date 

26-07-2007 
26-07-2007 
18-02-2009 
20-11-2013 
08-10-2008 
25-07-2007 
27-06-2013 
25-06-2009 
04-11-2008 
27-05-2014 
26-11-2010 
21-06-2013 
29-07-2010 
26-07-2007 
25-11-2009 

10-03-1999 
08-04-1998 
02-01-2001 

18-11-2015 
03-02-2016 
21-07-2016 
02-12-2015 
16-12-2014 
02-10-2014 
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Information on Search Strategy - Pilot phase (see OJ 201s, A86) 
The type of information contained in this sheet may change during the pilot for improving 
the usefulness of this new service. 

TITLE: COATINGS 

APPLICANT: P2I LTD 

IPC CLASSIFICATION: C09D5/00 

EXAMINER: Kositza, Matthias 

CONSULTED DATABASES: EPODOC, WPI, NPL 

Application Number 

PCT/GB2016/051688 

CLASSIFICATION SYMBOLS DEFINING EXTENT OF THE SEARCH: 

I PC: 

CPC: C09D5/++ 

FI/F-TERMS: 

KEYWORDS OR OTHER ELEMENTS FEATURING THE INVENTION: 
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PATENT COOPERATION TREATY 

From the 
INTERNATIONAL SEARCHING AUTHORITY 

To: 

see form PCT/lSA!.220 

PCT 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

(PCT Rule 43bis.1) 

Date of mailing 

(day/month/year) see form PCT/lSA,210 (second sheet) 

Applicant's or agent's file reference 

see form PCT/lSA!.220 
FOR FURTHER ACTION 
See paragraph 2 below 

International application No. 

PCT ,,G B201 6/051688 
International filing date (dayAnonthlyear) 

08.06.2016 

International Patent Classification (IPC) or both national classification and IPC 

INV. C09D5/00 

Applicant 

P21 LTD 

1. This opinion contains indications relating to the following items: 

rsl Box No. I Basis of the opinion 

D Box No. 11 Priority 

Priority date (dayAnonthlyear) 

09.06.2015 

D Box No. Ill Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

D Box No. IV Lack of unity of invention 

rsl Box No. V Reasoned statement under Rule 43bis.1 (a)(i) with regard to novelty, inventive step and industrial 
applicability; citations and explanations supporting such statement 

D Box No. VI Certain documents cited 

D Box No. VII Certain defects in the international application 

D Box No. VIII Certain observations on the international application 

2. FURTHER ACTION 

If a demand for international preliminary examination is made, this opinion will usually be considered to be a 
written opinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where 
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the 
International Bureau under Rule 66.1 bis(b) that written opinions of this International Searching Authority 
will not be so considered. 

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to 
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months 
from the date of mailing of Form PCT/ISA!.220 or before the expiration of 22 months from the priority date, 
whichever expires later. 

For further options, see Form PCT/ISA!.220. 

Name and mailing address of the ISA: 

European Patent Office 

D-80298 Munich 
Tel. +49 89 2399 - 0 
Fax: +49 89 2399 - 4465 

Form PCT/lSA,237 (Cover Sheet) (January 2015) 

Date of completion of 
this opinion 

see form 
PCT/1SAQ10 

Authorized Officer 

Kositza, Matthias 

Telephone No. +49 89 2399-0 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Box No. I Basis of the opinion 

1. With regard to the language, this opinion has been established on the basis of: 

ISi the international application in the language in which it was filed. 

International application No. 
PCT/GB2016/051688 

• a translation of the international application into , which is the language of a translation furnished for the 
purposes of international search (Rules 12.3(a) and 23.1 (b)). 

2. • This opinion has been established taking into account the rectification of an obvious mistake authorized 
by or notified to this Authority under Rule 91 (Rule 43bis.1 (a)) 

3. • With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this 
opinion has been established on the basis of a sequence listing: 

a. • forming part of the international application as filed: 

• in the form of an Annex CtST.25 text file. 

• on paper or in the form of an image file. 

b. • furnished together with the international application under PCT Rule 13ter.1 (a) for the purposes of 
international search only in the form of an Annex CtST.25 text file. 

c. • furnished subsequent to the international filing date for the purposes of international search only: 

• in the form of an Annex CtST.25 text file (Rule 13ter.1 (a)). 

• on paper or in the form of an image file (Rule 13ter.1 (b) and Administrative Instructions, Section 
713). 

4. • In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, 
the required statements that the information in the subsequent or additional copies is identical to that 
forming part of the application as filed or does not go beyond the application as filed, as appropriate, were 
furnished. 

5. Additional comments: 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

International application No. 
PCT/GB2016/051688 

Box No. V Reasoned statement under Rule 43bis.1 (a)(i) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 
No: Claims 

Inventive step (IS) Yes: Claims 
No: Claims 

Industrial applicability (IA) Yes: Claims 
No: Claims 

2. Citations and explanations 

see se~arate sheet 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT/GB2016/051688 

item V 

1. Documents 

D1 WO 2007/083122 A 1 

D2 EP O 834 352 A1 

D3 WO 2014/155099 A 1 

2. Independent claims 

Claim 1 relates to an electronic or electrical device or component thereof having a 
protective cross-linked polymeric coating made by plasma polymerization of a 
combination of components (1) + (2): 

(1) unsaturated monomer having the formula detailed in the claim 

(2) (poly)unsaturated cross-linking agent. 

Claim 40 relates to a method for providing an electronic or electrical device or 
component thereof having a protective cross-linked polymeric coating made 

by plasma polymerization of a combination of components (1) + (2) according to claim 
1. 

3. Novelty 

Claims 1 and 40, and the claims dependent thereon, are considered novel. 

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

4. Inventive step 

International application No. 

PCT/GB2016/051688 

Claims 1 and 40 do not involve an inventive step. Starting from document D1 (see 
claims 10, 11, 27; example 1) describing the plasma polymerization of component (1) 
for making protective coatings for electronic/ electrical components the skilled person 
would easily recognize by combining document D2 (see claim 8; p. 5 I. 59 - p. 6, I. 

1-2, example B-14) that adding an additional cross-linking component (2) allows to 
vary/ control the degree of cross-linking of the coating. See the application page 2, 
lines 1-10. At present it cannot be seen that the addition of the cross-linking 
component (2) is connected with any surprising beneficial technical effect which could 
substantiate the presence of an inventive step. The dependent claims represent 
trivial modifications of claims 1 and 40 which are obvious to the skilled person 
familiar with the present technical field. 

5. Industrial applicability 

The claimed subject-matter is industrially applicable. 

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005) 
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Electronic Patent Application Fee Transmittal 

Application Number: 

Filing Date: 

Title of Invention: COATINGS 

First Named Inventor/Applicant Name: Stephen Richard COULSON 

Filer: Paul John Parins/Sawyer Imrie 

Attorney Docket Number: GBL0007/US 

Filed as Large Entity 

Filing Fees for U.S. National Stage under 35 USC 371 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

NATIONAL STAGE FEE 1631 1 280 280 

NATL STAGE SEARCH FEE- REPORT PROVIDED 1642 1 480 480 

NATIONAL STAGE EXAM -ALL OTHER CASES 1633 1 720 720 

Pages: 

Claims: 

Miscellaneous-Filing: 

OATH/DECL > 30 MOS FROM 371 COMMENCEMENT 1617 1 140 140 

Petition: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1620 
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Electronic Acknowledgement Receipt 

EFSID: 31178417 

Application Number: 15735130 

International Application Number: PCT/GB2016/051688 

Confirmation Number: 7101 

Title of Invention: COATINGS 

First Named Inventor/Applicant Name: Stephen Richard COULSON 

Customer Number: 33072 

Filer: Paul John Parins/Sawyer Imrie 

Filer Authorized By: Paul John Parins 

Attorney Docket Number: GBL0007/US 

Receipt Date: 08-DEC-2017 

Filing Date: 

Time Stamp: 19:01:32 

Application Type: U.S. National Stage under 35 USC 371 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1620 

RAM confirmation Number 121117INTEFSW19015300 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

2757957 

1 Transmittal of New Application 
GBL0007US_371 _ Transmittal. 

no 3 
pdf 

7997e6c01 eb01f494443d52e5af6ff14aea4t 
cc4 

Warnings: 

Information: 

4711371 

2 Application Data Sheet GBL000?US_ADS.pdf no 8 
a71 b5dee05f78c5930ebe218717a81 f9aab 

1238c 

Warnings: 

Information: 

This is not an USPTO supplied ADS fillable form 

1212053 

3 
Information Disclosure Statement (IDS) 

GBL000?US_IDS.pdf no 4 
Form (SB08) 

42Sbaf3Se333440977faf1 2283507d2f1 bee 
Od65 

Warnings: 

Information: 

This is not an USPTO supplied IDS fillable form 

1871945 

4 
Documents submitted with 371 GBL000?US_PCT_Publication. 

44 
Applications pdf 

no 
161 e 1fe6ab54042e3e24a799d4de1 d0a60a 

f17f9 

Warnings: 

Information: 

1103599 

5 Power of Attorney GBL000?US_POA.pdf no 2 
cad992be926ca3b3f2722ee99b5b6cb003a 

6a943 

Warnings: 

Information: 

1526775 

6 Foreign Reference EP0834352A l .pdf no 22 
b97ca728d51 a3a6c53022fda81 cfdbf67da6 

c6d9 
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Warnings: 

Information: 

1278890 

7 Foreign Reference 
GBL0002US_PCT_Publication. 

no 33 
pdf 

22a5c3738381 a2ef0e83Se442b 170c7ad5b 
afa53 

Warnings: 

Information: 

3484345 

8 Foreign Reference 
GBL000SUS_PCT_Publication. 

no 92 
pdf 

69eba5Sebd 18d46a8fba59b48e329a6a039 
698ea 

Warnings: 

Information: 

1826295 

9 Foreign Reference 
GBL0006US_PCT_Publication. 

no 35 
pdf 

d9ba60957218b228167b15711b4d878414 
ea72Sb 

Warnings: 

Information: 

249320 

10 Non Patent Literature NPL_ISRWO.pdf no 9 
900d3143e 1f29562af8f384181cce8ff7047a 

fbe 

Warnings: 

Information: 

984480 

11 Foreign Reference WOl 998058117.pdf no 33 
528f1 689796e2cb 1923f459e39436fdb5775 

cd98 

Warnings: 

Information: 

1001835 

12 Foreign Reference WO2003097245.pdf no 29 
fef5e661f02a1201f650b30901128ee137f30 

d96 

Warnings: 

Information: 

808052 

13 Foreign Reference WO2003101621.pdf no 19 
2e5a81f330b397c713ca98edae718fa31307 

5222 

Warnings: 
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(57) Abstract: The present invention provides an electronic or electrical device or component thereof comprising a cross-linked 
polyrne1ic coating on a surface of the electronic or electrical device or component thereof; wherein the cross-linked polymeric coat -
ing is obtainable by exposing the electronic or electrical device or component thereof to a plasma comprising a monomer compound 
and a crosslinking reagent for a period of time sufficient to allow fonnation of the cross-linked polymeric coating on a surface there -
of, wherein the monomer compound has the following formula: where R1, R2 and R.i are each independently selected from hydrogen, 
optionally substituted branched or straight chain C1-C6 alkyl or halo alkyl or aryl optionally substituted by halo, and R3 is selected 
from: or where each X is independently selected from hydrogen, a halogen, optionally substituted branched or straight chain C 1-C6 
alkyl, halo alkyl or aryl optionally substituted by halo; and 111 is an integer from to 27; and wherein the crosslinking reagent com­
prises t\vo or more unsaturated bonds attached by means of one or more linker moieties and has a boiling point at standard pressure 
of less than 500°C. 
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Coatings 

Field of the invention 

This invention relates to protective coatings. Specifically, the present invention relates to protective 

coatings for electronic or electrical devices and components thereof, and methods of forming such 

coatings. The coatings can protect by being hydrophobic and so resist the ingress of water-based 

liquid into electronic devices, or they can protect by forming a barrier coating and so provide electrical 

resistance between the electrical parts of the phone and water based liquid. 

Background of the invention 

Monounsaturated monomers are used to make barrier coatings using plasma polymerisation 

processes (see co-pending application). 

The perfluoroalkyl chain monomers are also used for generating hydrophobic surfaces from pulsed 

plasma deposition processes (see WO 9858117 A1). 

The power of the plasma initiated polymerisation affects the nature of the polymer produced. The 

higher average energy inputs of continuous wave plasmas lead to more fragmentation of the 

monomer, and so the polymer loses structural properties of the monomer. In the case of 

1 H, 1 H,2H,2H- perfluorodecyl acrylate (PFAC8), there's less retention of the perfluoroalkyl chain and 

the contact angle of the surface coating is compromised. Higher plasma energies also lead to more 

crosslinking. For the lower average energy inputs of pulsed plasmas, there's better retention of 

monomer structure and less crosslinking. The greater retention of the perfluoro chain under low 

energy, pulsed plasma conditions leads to best levels of contact angles for the surface coating. 

When the perfluoroalkyl chains have eight or more fluorinated carbons (long chain), the polymer 

made from the monomer has a crystalline structure. When the perfluoroalkyl chains have less than 

eight fluorinated carbons, the resulting polymer is amorphous and so can be unstable in the presence 

of water (see "Molecular Aggregation Structure and Surface Properties of Poly(fluoroalkyl acrylate) 

Thin Films, Marcomolecules, 2005, vol 38, p5699-5705) 

When long chain perfluoroalkyl polymers are produced by high average power (continuous wave or 

CW) or low average power (pulsed wave or PW) plasmas, then because of the crystalline structure of 

the long chains, the polymers are non-stick to the touch and stable in the presence of water. 

However, the feel and water stability of shorter chain polymer coatings is affected by the plasma 

power levels used. For example, when PFAC6 (1 H, 1 H,2H,2H-perfluorooctyl acrylate) is polymerised 

in low power plasma conditions, the resulting polymer coating can have several disadvantages. For 

example the coating can cause water drops to spread out a little (slump), be marked by the presence 

of a water drop on its surface, have a tacky feel, or can be easily smeared (for example on substrates 

of silicon wafer and ABS plastic). 
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By increasing the power of the plasma used for polymerisation, the polymer becomes more 

crosslinked and becomes more resistant to smearing. However, increasing the power has the 

concomitant effect of decreasing the water contact angle through more monomer fragmentation (as 

described above). Figure 1 shows the effect of increasing the power to monomer flow ratio for CW 

plasmas in a 125 litre chamber: at a ratio of 4 W/µ1/min, the water contact angle is ~85-95 degrees 

and the coating is tack-free. However, as the ratio drops, the contact angle increases and the 

occurrence of tacky/smudgy coatings increases too. Figure 2 shows the same effect for pulsed 

plasma conditions. These results show that the process window for producing tack and smudge-free 

coatings have a limited plasma processing range and the final coating has a compromised water 

contact angle. 

Accordingly, it is an aim to solve one or more of the above-mentioned problems with the prior art 

coatings. 

Statement of Invention 

An aspect of the present invention provides an electronic or electrical device or component thereof 

comprising a protective cross-linked polymeric coating on a surface of the electronic or electrical 

device or component thereof; 

wherein the protective cross-linked polymeric coating is obtainable by exposing the electronic or 

electrical device or component thereof to a plasma comprising a monomer compound and a 

crosslinking reagent for a period of time sufficient to allow formation of the protective cross-linked 

polymeric coating on a surface thereof, 

wherein the monomer compound has the following formula: 

where R 1 , R2 and R4 are each independently selected from hydrogen, optionally substituted branched 

or straight chain C1-C6 alkyl or halo alkyl or aryl optionally substituted by halo, and R 3 is selected from: 

X 
I 

C 
I 

X 

CX3 

or 

SUBSTITUTE SHEET {RULE 26) 
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where each Xis independently selected from hydrogen, a halogen, optionally substituted branched or 

straight chain C1-C6 alkyl, halo alkyl or aryl optionally substituted by halo; and n1 is an integer from 1 

to 27; and wherein the crosslinking reagent comprises two or more unsaturated bonds attached by 

means of one or more linker moieties and has a boiling point of less than 500 °C at standard 

pressure. 

High levels of polymer crosslinking (formerly only achievable with high average power continuous 

wave plasmas) can be achieved by adding a crosslinking molecule to the monomer to produce a 

cross-linked co-polymer. This has the advantage of increasing the plasma processing range so 

stable coatings can now be produced in low average energy pulse plasma conditions. 

The high degree of retention of the hydrophobic monomer structures from the low energy pulsed 

plasma gives coatings of the co-polymer a good hydrophobic coating (as evidenced by water contact 

angles) and a coating that is not sticky or smeary to the touch. Thus, these properties make it suitable 

for the coating of electronic devices to prevent the ingress of water-based liquids from accidental 

damage. Such coatings typically have a thickness between 1 and 100 nm, preferably 1 and 50 nm. 

The coating may be described as a liquid repellant layer, typically a water repellant layer. The coating 

may repel water, an aqueous liquid such as rainwater, or oil. 

Alternatively, or in addition to providing a liquid repellent layer, the coating may be a physical barrier 

layer. 

The coating may be a physical barrier i.e. it provides a physical barrier to mass and electron transport. 

The physical barrier layer restricts diffusion of water, oxygen and ions. When the coating is a physical 

barrier it typically has a thickness of greater than 50 nm. 

The coating is a protective layer i.e. it prevents damage by contact with water or other liquids. The 

coating may provide is protective functionality by forming a liquid repellent layer and/or a physical 

barrier layer. 

The coating is preferably substantially pin-hole free to enable it to provide a physical barrier. 

Preferably f),,Zfd <0.15, where f),,Z is the average height variation on an AFM line scan in nm (as 

shown in Figure 3) and d is coating thickness in nm. 

The value of f),,Zfd tells us to what extent defects/voids on the surface of the coating extend into the 

coating, i.e. the percentage value of the depth of defect over total coating thickness. For example, 

f),,Zfd = 0.15 means that the voids on the surface only extend down to 15% of the coating thickness. A 

coating with a f),,Zfd <0.15 is defined herein as being substantially pinhole free. If voids are bigger than 

this, the desired functionality is unlikely to be achieved. 

Ex. 1028 - Favored - p. 87



WO 2016/198857 PCT/GB2016/051688 
4 

The coating is preferably conformal, which means that it takes the 3D shape of the electronic or 

electrical device or component thereof and covers substantially an entire surface of the device. This 

has the advantage of ensuring that the coating has sufficient thickness to give optimal functionality 

over an entire surface of the device or component. The meaning of the term "covers substantially an 

entire surface" will depend to some extent on the type of surface to be covered. For example, for 

some components, it may be necessary for there to be complete coverage of the surface in order for 

the component to function after submersion in water. However, for other components or housings, 

small gaps in coverage may be tolerated. 

The coating may have a thickness of 50 to 10,000nm, optionally 50 to 8000nm, 100 to 5000nm, 

preferably 250nm - 5000nm, most preferably 250nm - 2000nm. 

The coating may be electrically insulating and be sufficiently compliant that electrical connectors can 

be joined to the electronic or electrical device or component thereof and an electrical connection 

made between the electrical connectors and electronic or electrical device or component thereof 

without the requirement to first remove the coating. In this case, the force exerted by the electrical 

connector on the coating is sufficient to alter the structure of or even break through the coating local 

to the electrical connector, allowing the electrical connection to be made. Electrical connectors can 

typically be joined to the electronic or electrical device or component in this way for coating 

thicknesses of under 5000nm, and for high performance coatings below 2000nm. 

The electronic or electrical device or component thereof can typically withstand immersion in up to 1 m 

of water for over 30 minutes without failure or corrosion whilst power applied to the electronic or 

electrical device or component. The effectiveness of the coating can be determined by measuring its 

electrical resistance at a fixed voltage when submerged in water for a set time period; for example, 

applying a voltage of 8V to the coating of a device which is submerged in water for 13 minutes. 

Coatings having a resistance value of 1x107 Ohms or higher in this test are effective barrier coatings 

and the coated electronic or electrical device or component thereof will pass successfully an IPX7 

test. The IPX7 test is the Ingress Protection Marking which classifies and rates the degree of 

protection provided against water. In the IPX7 test for phones, the device is immersed in water under 

defined conditions of pressure and time (up to 1 m of submersion) for a duration of 30 minutes. The 

device has to be powered on during testing and functional after 24 hrs. 

In one embodiment, the coating is electrically insulating and has a thickness of less than 1 micron and 

wherein a force of 5- 20g applied to the coating using a round probe with 1 mm diameter allows an 

electrical connection to be made with the electronic or electrical device or component thereof in the 

local area where the force has been applied. 

In another embodiment, the coating is electrically insulating and has a thickness of 1-2.5 microns and 

wherein a force of 20-1009 applied to the coating using a round probe with 1 mm diameter allows an 

electrical connection to be made in the local area of the coating where the force has been applied. 
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The coating may have a higher density than that of the corresponding monomer from which it is 

formed. For example, the increase in density may be at least 0.1 g/cm3 The increase in density is 

explained by the highly crosslinked coating. The high density of the coating improves the barrier 

properties of the coating. 

The coating may form a surface defined by a static water contact angle (WCA) of at least 70°. A 

coating with a WCA of at least 90° is a liquid repellent, typically a water repellent layer. For 

fluorinated polymers, the coating may have a static water contact angle of at least 100°. The contact 

angle of a liquid on a solid substrate gives an indication of the surface energy which in turn illustrates 

the substrate's liquid repellence. Contact angles were measured on a VGA Optima contact angle 

analyser, using 3 µI droplets of deionised water at room temperature. 

Cross/inker 

A basic requirement for the cross-linking reagent is the presence two or more unsaturated bonds, for 

example, -C=C- or alkyne groups. The unsaturated bonds are attached by one or more linker 

moieties. The linker moiety is not especially limited provided it joins together the two or more 

unsaturated bonds. The cross-linking reagent must have a boiling point of less than 500 °C, 

preferably from -10 to 300°C, optionally 180 to 270°C, most preferably 205 to 260°C at standard 

pressure. It is a preference, but not a requirement, that the cross-linking reagent is not unduly 

hazardous for use in plasma processing, that is to say it can be used in a production environment 

where low levels of vapour do not present any significant health and safety issues (e.g. strongly 

oxidising, explosive, toxic, or has an offensive odour (e.g. stench reagent)). The crosslinking reagent 

preferably has one of the following structures: 

(i) 

where Y 1 , Y 2 , Y3 , Y4 , Y5 , Y6 , Y7 and Y8 are each independently selected from hydrogen, optionally 

substituted cyclic, branched or straight chain CrC6 alkyl or aryl; and L is a linker moiety. 

Most preferably L has the following formula: 

yY 9, /y 9~ 

(iii) y 10 

where each Y9 is independently selected from, a bond, -0-, -O-C(O)-, -C(O)-O-, -YwO-C(O)-, -C(O)­

O-Yn-, -OYn-, and -Y11 O-, where Y 11 is an optionally substituted cyclic, branched or straight chain 

CrC8 alkylene; and 

SUBSTITUTE SHEET (RULE 26) 
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Y 10 is selected from optionally substituted cyclic, branched or straight chain C 1-C8 alkylene and a 

siloxane containing group. 

In one most preferred embodiment Y10 has the following formula: 

Y12 
I ---c-......---,, 
I 

Y13 
(iv) 

n 

wherein each Y 12 and Y 13 is independently selected from H, halo, optionally substituted cyclic, 

branched or straight chain C 1-C8 alkyl, or -OY14, where Y 14 is selected from optionally substituted 

branched or straight chain CrC8 alkyl or alkenyl, and n is an integer from 1 to 10. 

Optionally, each Y 12 is Hand each Y 13 is H, i.e. Y 10, is a linear alkylene chain. For this embodiment Y9 

is preferably a vinyl ester or vinyl ether group. 

Optionally, each Y12 is fluoro and each Y 13 is fluoro, i.e. Y10 is a linear perfluoroalkylene chain. 

Typically, n is from 4 to 6. 

In another embodiment Y10 has the following formula: 

(v) 

wherein each Y 15 is independently selected from optionally substituted branched or straight chain Cr 

C6 alkyl. 

In one embodiment each Y 15 is methyl, and each Y9 is a bond. 

In a further embodiment Y10 has the following formula: 
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(vi) 

wherein Y 16 to Y 19 are each independently selected from H and optionally substituted branched or 

straight chain CrCa alkyl or alkenyl. A preferred alkenyl group is vinyl. Optionally Y18 is H or vinyl, and 

Y 16, Y 17 and Y 19 are each H. In one embodiment each of Y 16 to Y 19 is H. In another embodiment Y 18 is 

vinyl, and Y 16, Y 17 and Y 19 are each H. 

In preferable embodiments for compound (i), L has one of the following structures: 

0 0 

(vii) (viii) 
~O .. X1o_O~ 

(ix) 

(x) 

In another embodiment for compound (i) L has one of the following structures: 

YO'-._/Y10-/0y 
(xii) 

For L according structure (vii), Y 10 is preferably an alkylene chain or a cycloalkylene, such as those 

shown in structures iv) and vi) above. The alkylene chain may be a straight chain alkylene chain. 

When Y 10 is a cycloalkylene, cyclohexylene is preferred, most preferably 1,4 cyclohexylene. 
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For L according to structure (viii), Y10 is preferably structure (iv), i.e. an alkylene or fluoroalkylene 

chain. 

For L according to structure (ix), Y10 is preferably cycloalkylene, such as the cyclohexylene according 

to structure (vi). 

For L according to structure (x), Y10 is preferably structure (iv) wherein each Y12 and Y13 is F, i.e. a 

perfluoroalkylene chain. 

For L according to structure (xi) or structure (xii) Y10 is preferably alkylene or cycloalkylene. Optionally 

the alkylene or cycloalkylene may be substituted with one or more vinyl groups or alkenyl ether 

groups, preferably one or more vinyl ether groups. 

When each Yg is a bond, each Y10 may be any of structures (iv), (v) and (vi). Preferably Y10 is a 

straight chain alkylene such that the crosslinking reagent is a diene, such as a heptadiene, octadiene, 

or nonadiene, most preferably 1,7-octadiene. 

When each Yg is 0, each Y10 is preferably a branched or straight chain C1- CB alkylene, preferably a 

straight chain alkylene, most preferably a C4 straight chain alkylene, i.e the crosslinking reagent is 

1,4-butanediol divinyl ether 

It will be understood that each Yg group can be combined with any other Yg group and Y10 group to 

form the crosslinking reagent. 

The skilled person will be aware of possible substituents for each of the cyclic, branched or straight 

chain C1-Ca alkylene groups mentioned above. The alkylene groups may be substituted at one or 

more positions by a suitable chemical group. Halo substituents are preferred, with fluoro substituents 

most preferred. Each C1-Ca alkylene group may be a C1-C3, C2-C6, or C5-Ca alkylene group. 

Particularly preferred embodiments ofthe crosslinker have alkyl chains forY10 and vinyl ester or vinyl 

ether groups on either side. 

A particularly preferred cross-linking reagent is divinyl adipate. (a divinyl ester) 

Another preferred cross-linking reagent is 1,4-butanediol divinyl ether (a divinyl ether) 

For the most preferred embodiments the crosslinking reagent is selected from Divinyl Adipate (OVA), 

1,4 Butanediol divinyl ether (BOVE), 1,4 Cyclohexanedimethanol divinyl ether (CODE), 1,7 -Octadiene 

(170D), 1,2,4 -Trivinylcyclohexane (TVCH), 1,3-Divinyltetramethyldisiloxane (DVTMDS), Diallyl 1,4-

cyclohexanedicarboxylate (DCHD), 1,6-Divinylperfluorohexane (DVPFH), 1 H, 1 H,6H,6H­

Perfluorohexanediol diacrylate (PFHDA) and glyoxal bis (diallyl acetal) ( GBDA). 

For the alkyne crosslinking reagents according to compound (ii), L is preferably selected from a 

branched or straight chain C1-Ca alkylene or an ether group. L may be a C3, C4, Cs, or CB alkylene, 
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preferably a straight chain alkylene.Chemical structures for the particularly preferred crosslinking 

reagents are set out below in Table 1: 

Divinyl Adipate (DVA) 

1,4 Butanediol divinyl ether 

(BOVE) 

1,4 Cyclohexanedimethanol 

divinyl ether (CDDE) 

1,7 -Octadiene (170D) 

1,2,4 -Trivinylcyclohexane 

(TVCH) 

1,3-

Divinyltetramethyldisiloxane 

(DVTMDS) 

Diallyl 1,4-

cyclohexanedicarboxylate 

(DCHD) 

1,6-Divinylperfluorohexane 

(DVPFH) 

1H,1H,6H,6H­

Perfluorohexanediol 

diacrylate (PFHDA) 

GBDA 

F 

F F 

F 

0 ~CH2 

H,C~•0o~CH, 
H2C~O 
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1,6-heptadiyne HC== CH 

·H 
1, 7-heptadiyne HC 

1,8-heptadiyne HC== ~ H 

Propargyl ether HC== /O~H 

Table 1 

Monomer Compound 

The monomer compound has the following formula: 

where R 1 , R2 and R4 are each independently selected from hydrogen, optionally substituted branched 

or straight chain C 1-C6 alkyl or halo alkyl or aryl optionally substituted by halo, and R 3 is selected from: 

X 
I 

C 
I 

X 

CX3 

or 

where each Xis independently selected from hydrogen, a halogen, optionally substituted branched or 

straight chain Ci-C6 alkyl, halo alkyl or aryl optionally substituted by halo; and n1 is an integer from 1 

to 27. Preferably, n1 is from 1 to 12. Optionally n1 is from 4 to 12, optionally 6 to 8. 

In a preferred embodiment R3 is selected from: 
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or 

where m 1 is an integer from Oto 13 and each X is independently selected from hydrogen, a halogen, 

optionally substituted branched or straight chain C 1-C6 alkyl, halo alkyl or aryl optionally substituted by 

halo; and m2 is an integer from 2 to 14; 

In a particularly preferred embodiment the monomer is a compound of formula l(a): 

l(a) 

R9 X X 
I I I 

....+----+-----+-C---C-+----C--CX3 
I I I 

R10 X CX3 
a b 

Ra 
C 

wherein each of R 1 , R2 , R4 , and Rs to R 10 is independently selected from hydrogen or an optionally 

substituted CrC6 branched or straight chain alkyl group; each X is independently selected from 

hydrogen or halogen; a is from 0-10; bis from 2 to 14; and c is O or 1; 

; or 

the monomer is a compound of formula l(b): 

l(b) 

R O Rs R1 Rg X X 
1 ~ , I I 

R2 ~ o'C-----i----9----9----9---cX3 
R6 R8 R10 X CX3 

~ a b C 

wherein each of R 1 , R2 , R4 , and Rs to R 10 is independently selected from hydrogen or an optionally 

substituted CrC6 branched or straight chain alkyl group; each X is independently selected from 

hydrogen or halogen; a is from 0-10; bis from 2 to 14; and c is O or 1. 
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The halogen may be chlorine or bromine, but is preferably fluorine for compliance with RoHS 

regulations (Restriction of Hazardous Substances). 

a is from Oto 10, preferably from Oto 6, optionally 2 to 4, most preferably 0 or 1. bis from 2 to 14, 

optionally from 2 to 10, preferably 3 to 7. 

Each of R1, R2, R4, and Rs to R10 is independently selected from hydrogen or a C1-CB branched or 

straight chain alkyl group. The alkyl group may be substituted or unsubstituted, saturated or 

unsaturated. When the alkyl group is substituted, the location or type of the substituent is not 

especially limited provided the resultant polymer provides an appropriate liquid repellent and/or barrier 

layer. The skilled person would be aware of suitable substituents. If the alkyl group is substituted, a 

preferred substituent is halo, i.e. any of R1, R2, R4, and Rs to R10 may be haloalkyl, preferably fluoro 

alkyl. Other possible substituents may be hydroxyl or amine groups. If the alkyl group is unsaturated it 

may comprise one or more alkene or alkyne groups. 

Each of R1, R2, R4, and Rs to R10 may be independently selected from hydrogen, methyl, ethyl, n­

propyl, isopropyl, n-butyl, isobutyl, tert-butyl, sec-butyl, n-pentyl, neopentyl, n-hexyl, isohexyl, and 3-

methylpentyl. 

In a preferred embodiment each of R1, R2, R4, and Rs to R10 is independently selected from hydrogen 

or methyl. 

In a preferred embodiment, a and care each independently 0 or 1; and bis from 3 to 7. 

In one preferred embodiment each X is H. In an alternative preferred embodiment each X is F. 

Optionally R1 and R2 are both hydrogen. 

Optionally R4 is hydrogen or methyl. Preferably R1 and R2 are both hydrogen and R4 is hydrogen or 

methyl. 

Optionally Rg is hydrogen and R10 is branched or straight chain C1-CB alkyl group. In a preferred 

embodiment R10 is methyl. 

In one embodiment each of Rs to Ra is hydrogen. 

In one embodiment each of R1, R2, R4, and Rs to R10 is hydrogen, each Xis H, a=0 and c=0. 

In a particularly preferred embodiment the monomer compound has the following formula: 
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where n is from 2 to 10. 

In another preferred embodiment the monomer compound has the following formula: 

where n is from 2 to 10. 

The monomer compound may be selected from 1 H, 1 H,2H,2H-perfluorohexyl acrylate (PFAC4), 

1 H, 1 H,2H,2H-perfluorooctyl acrylate (PFAC6), 1 H, 1 H,2H,2H-perfluorodecyl acrylate (PFAC8) and 

1 H, 1 H,2H ,2H-perfl uorododecyl acrylate (PFAC 1 0). 

The monomer compound may be selected from 1 H, 1 H,2H,2H-pefluorohexyl methacrylate (PFMAC4), 

1 H, 1 H,2H,2H-perfluorooctyl methacrylate (PFMAC6) and 1 H, 1 H,2H,2H-perfluorodecyl methacrylate 

(PFMAC8). 

The monomer compound of formula l(a) may have the following formula: 

H O H H H H 

V I I 

H ~ 0 .A'"H---+--~y--y 
H R10 H 

~ a b C 

wherein a and care each independently 0 or 1, b =3-7 and n is 4 to 10, where n=a+b+c+1. 

The monomer ccompound of formula l(a) may have the following formula: 
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where n is 2 to 12. 

The monomer compound may be selected from ethyl hexyl acrylate, hexyl acrylate, decyl acrylate, 

lauryl dodecyl acrylate and iso decyl acrylate. 

The monomer may have the following formula: 

where n is from 4 to 14. 

The monomer may have the following formula: 

where n is from 4 to 14. 

In an additional aspect, the present invention provides a method for treating an electronic device or 

component thereof comprising: 

exposing the electronic or electrical device or component thereof to a plasma comprising a monomer 

compound and a crosslinking reagent for a period of time sufficient to allow a protective cross-linked 

polymeric coating to form on a surface of the electronic or electrical device or component thereof; 

wherein the monomer compound has the following formula: 
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where R1 , R2 and R4 are each independently selected from hydrogen, optionally substituted branched 

or straight chain C 1-C6 alkyl or halo alkyl or aryl optionally substituted by halo, and R 3 is selected from: 

X 
I 

C 
I 

X 

or 

where each X is independently selected from hydrogen, optionally substituted branched or straight 

chain C 1-C6 alkyl, halo alkyl or aryl optionally substituted by halo; and n1 is an integer from 1 to 27; 

and wherein the crosslinking reagent comprises two or more unsaturated bonds and has a boiling 

point of less than 500 °Cat standard pressure. 

The monomer compound and the crosslinking reagent utilised in the method are described in further 

detail above. 

Typically the electronic or electrical device or component thereof is placed in a plasma deposition 

chamber, a glow discharge is ignited within said chamber, and a voltage applied as a pulsed field .. 

Preferably the applied voltage is at a power of from 30 to 800W. Optionally the voltage is pulsed in a 

sequence in which the ratio of the time on/time off is in the range of from 0.001 to 1, optionally 0.002 

to 0.5. For example, time on may be 10-500 µs, preferably 35-45 µs, or 30-40 µs, such as about 36 

µs and time off may be from 0.1 to 30 ms, preferably 0.1 to 20 ms, optionally from 5 to 15 ms, for 

example 6ms. Time on may be 35 µs, 40 µs, 45 µs. Time off may be 0.1, 1, 2, 3, 6, 8, 10, 15, 20, 25 

or 30 ms. 

The term pulsed may mean that the plasma cycles between a state of no (or substantially no} plasma 

emission (off-state} and a state where a particular amount of plasma is emitted (on-state}. 

Alternatively, pulsed may mean that there is continuous emission of plasma but that the amount of 

plasma cycles between an upper limit (on-state} and lower limit (off-state}. 

In a further embodiment, the invention resides in a method of forming a coating on an electronic or 

electrical device or component thereof as defined above, the method comprising: exposing said 

substrate in a chamber to a plasma comprising a monomer compound, preferably a continuous 

plasma, for a sufficient period of time to allow a protective polymeric coating to form on the substrate, 
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wherein during exposure of the substrate the continuous plasma has a power density of at least 

2W/litre, preferably 20W/litre. 

Optionally the voltage is applied as a pulsed field for a period of from 30 seconds to 90 minutes. 

Optionally the voltage is applied as a pulsed field for from 5 to 60 minutes. Optionally in a preliminary 

step, a continuous power plasma is applied to the electronic or electrical device or component thereof. 

The preliminary step may be conducted in the presence of an inert gas. 

Before the crosslinker and/or the monomer compound enter the deposition chamber each may be in 

the form of a gas, liquid or a solid (for example a powder) at room temperature. However, it is the 

preferred that the crosslinking reagent and the monomer compound are both liquid at room 

temperature, and most preferably that the monomer and crosslinker liquids are miscible. 

The monomer compound and/or the crosslinker will suitably be in a gaseous state in the plasma. The 

plasma may simply comprise a vapour of the monomer compound and the crosslinker. Such a vapour 

may be formed in-situ, with the compounds being introduced into the chamber in liquid form. The 

monomer may also be combined with a carrier gas, in particular, an inert gas such as helium or 

argon. 

In preferred embodiments, the monomer and/or the crosslinker may be delivered into the chamber by 

way of an aerosol device such as a nebuliser or the like, as described for example in 

WO2003/097245 and WO03/101621, the content of which is incorporated herein by reference. In 

such an arrangement a carrier gas may not be required, which advantageously assists in achieving 

high flow rates. 

In one embodiment the monomer compound and/or the crosslinking reagent are in gaseous form and 

are fed into the plasma at a rate of from 10-5000 mg/minute depending on chamber volume, whilst 

the pulsed voltage is applied. 

Optionally the plasma is created with an average power of from 0.001 to 40W/litre. 

The crosslinker may be miscible with the monomer and so introduced together or separately into the 

plasma chamber. Or the crosslinker may be immiscible with the monomer and introduced separately 

into the plasma chamber. In this context, the term "miscible" means that the crosslinker is soluble in 

the monomer, and when mixed they form a solution of uniform composition. The term "immiscible" is 

used to mean that the crosslinker is only partly soluble or insoluble in the monomer, and so either 

forms an emulsion or separates out into two layers. 

The crosslinking reagent is preferably present in an amount of from 1 0 to 60 (v/v) %, optionally 20 to 

40 (v/v) %, optionally 25 to 30 (v/v)% , optionally 30 to 50 (v/v)% of the total volume of monomer 

compound and crosslinking reagent, depending on the specific crosslinker. The skilled person would 

understand that the amount will vary to some extent depending on whether the coating is required to 
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be liquid repellent or provide a barrier to mass and electron transport. The skilled person would 

understand that the (v/v) percentages are those which give a stable crosslinked polymer coating and 

the highest water contact angle. 

Electronic or electrical device or component thereof 

Although the invention is of benefit in the context of a wide variety of substrates, the substrate may, in 

all aspects of the invention, advantageously be an electronic substrate. 

In some embodiments of the invention, the electronic substrate may comprise an electronic or 

electrical device, i.e. any piece of electrical or electronic equipment. Non-limiting examples of 

electrical and electronic devices include communications devices such as mobile phones, 

smartphones and pagers, radios, and sound and audio systems such as loudspeakers, microphones, 

ringers or buzzers, hearing aids, personal audio equipment such as personal CD, tape cassette or 

MP3 players, televisions, DVD players including portable DVD players, video recorders, digi and other 

set-top boxes such as Sky, computers and related components such as laptop, notebook, tablet, 

phablet or palmtop computers, personal digital assistants (PDAs), keyboards, or instrumentation, 

games consoles in particular hand-held playstations and the like, data storage devices, outdoor 

lighting systems or radio antenna and other forms of communication equipment. 

In preferred embodiments of the invention, the substrate may comprise or consist of an electronic 

component, e.g. a printed circuit board (PCB), a printed circuit board array (PCBA), a transistor, 

resistor, or semi-conductor chip. The electronic component may thus be an internal component of an 

electronic device, e.g. a mobile phone. The coatings of the invention are particularly valuable in 

preventing electrochemical migration in such components. 

In all aspects of the invention, the precise conditions under which the protective polymeric coating is 

formed in an effective manner will vary depending upon factors such as, without limitation, the nature 

of the monomer compound, the crosslinking reagent, the substrate, as well as the desired properties 

of the coating. These conditions can be determined using routine methods or, preferably, using the 

techniques and preferred features of the invention described herein, which work in particular synergy 

with the invention. 

The present invention will now be further described with reference to the following non-limiting 

examples and the accompanying illustrative drawings, of which: 

Figure 1 illustrates shows the effect of increasing the power to monomer flow ratio for CW plasmas in 

a 3 litre chamber in a prior art process. 

Figure 2 shows the same effect for pulsed plasma conditions. 
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Figure 3 shows a tapping mode image over 1Ox10 µm2 field of view of a specimen example 

(thickness d=1230 nm) prepared according to Example 1 (left hand side) and a contour line plot 

showing the data used for calculation of RMS roughness (right hand side). The LiZ value indicated on 

the plot has been taken over an area of the graph that represents the majority of the coating. Peaks 

that lie above the LiZ range indicate large particles and troughs that fall below the LiZ range show 

voids or pinholes in the coating. The width of the peaks also gives an indication of the particle size. 

Figure 4 illustrates the effect of adding the divinyl adipate crosslinker to perfluorooctyl acrylate on 

water contact angle from a process on a 125 Litre chamber. 

Figure 5 shows the effect of adding crosslinkers in accordance with the invention on the electrical 

resistance per nm of the coatings. 

Figure 6 shows a tapping mode image of a 90 nm thick coating, prepared as described in Example 3, 

over 2x2µm2 field of view (top left), a representative contour line indicating height variation (z-axis) of 

the coating (top right) and a phase image indicating full substrate coverage (bottom left) ;RMS 

roughness of the coating is 1.65 nm and 6.z/d =0.05 

Figure 7 shows a FTIR/ATR spectrum of a coating formed according to Example 5. 

Example 1 

Example of plasma polymerising PFAC6 with no crosslinker in a 3 litre chamber 

PFAC6 was polymerised in a 3 litre glass chamber using a continuous plasma process. In the 

experimental matrix, the continuous plasma was produced using RF power levels of 50, 100 and 200 

Watts. The process pressure was run at 30, 60 and 90 mTorr and the monomer flow rate run at 50, 

100 and 200 microlitres of liquid per minute. The duration of the process was either 10 or 40 minutes. 

The coated substrate was silicon wafer and whether the coating was tacky or not was determined by 

wiping the substrate with a finger and determining by eye if the coating had smeared. The results in 

Figure 1 indicate that for lower CW powers, the coating could easily be smeared (i.e. tacky), but by 

increasing the power to flow ratio, the coating became resistant to smearing (i.e. non-tacky) and this 

is expected to be due to additional crosslinking caused by more monomer fragmentation. The water 

contact angle was also seen to decline with increasing power to flow ratio, and this too is indicative of 

more power increasing the level of monomer fragmentation. 

The same 3 litre chamber was used to also look at the effect of power to flow ratios with pulsed 

plasma polymerisation. In these experiments, the peak power was either 250 or 500 W. The RF 

power feed was pulsed with an on time of 35 microseconds and off times of 5.5 and 1 millisecond. 

Process pressure was either 20, 35, 60 or 80 mTorr. The monomer flow was either 50 or 200 

microlitres of liquid per minute. Figure 2 shows that low power to flow conditions can generate 

coatings that can be smeared (tacky) and only by increasing the power could the smear be reduced. 

This too had a concomitant decline in water contact angle. 
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The results from Figures 1 and 2 show that plasma processing PFAC6 on its own could only lead to 

smear -free coatings when the powers were high enough to decrease the other desirable property of 

the water contact angle This illustrates the need to add a crosslinker to prevent the coating smearing 

and maintain the water contact angle. 

Example 2 

Examples of Perfluoro Alkyl Acrylate co-polymerisation with Crosslinker to show 

improvements in electrical resistance 

Perfluorooctyl acrylate monomerwas mixed with a single crosslinkerfrom the following list: 

VINYL ESTERS: Divinyl adipate (OVA) 

VINYL ETHERS: 1,4-Butanediol divinyl ether (BOVE); 1,4 Cyclohexanedimethanol divinyl ether 

(CODE) 

DI- or TRI- VINYLS: 1,7-0ctadiene (1,7-0D); 1,2,4-Trivinylcyclohexane (TVCH); 

DI VINYL with alkyl fluoro group: 1,6-divinylperfluorohexane (DVPFH) 

DI VINYL with silicon group: 1,3-Divinyl tetramethyldisiloxane (DVTMDS) 

DI VINYL with cyclic ring and carboxylate groups: Diallyl 1,4-cyclohexanedicarboxylate (DCHC) 

DI ACRYLATE: 1 H1 H,6H,6H-perfluorohexanediol diacrylate (PFHDA) 

The crosslinker was mixed with the PFAC6 as a percentage by volume for the following percentages: 

20, 40 , 60 , 80, and 100%. 

Plasma initiated polymerisation reactions were carried out in a 3 litre glass plasma chamber. The 

substrates were test circuit boards. The PFAC6/crosslinker mixture was introduced at a rate of 0.04 -

0.06 ul/min and the process pressure was 40 mTorr. The process plasma consisted of a 1 minute 

continuous plasma (CW) step of SOW followed by 10 - 20 minute pulsed plasma (PW) step of SOW 

and RF power being delivered by a pulse sequence with a duty cycle of 6.9%. The coated circuit 

boards were immersed in tap water and an 8V potential was applied for 13 minutes. The final current 

readings, together with coating thickness measurements, were used to calculate the electrical 

resistance per nm of coating. Figure S below shows the effect of adding a range of crosslinkers on 

the electrical resistance per nm of the barrier coatings. Figure S clearly shows the improvement in 

resistance that can be gained by adding the crosslinker to the PFAC6 monomer. Furthermore, all of 

the crosslinkers tested gave non-smear/non-tacky coatings with concentration levels of 20% and 

above, with the exceptions of DVTMDS, DCHD, PFHDA and DVPFH which were non-smear at levels 

of 40% and above. 
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Example 3 

Example of crosslinker concentration on water repellent coating. 

Water repellent coatings were prepared in a 125 litre volume chamber using PFAC6 with different 

levels of divinyl adipate (OVA) and using helium as a carrier gas. The deposition process consisted 

of a 3 minute CW step with 300W power and a pulsed step with 150W power and an RF pulse duty 

cycle of 0.018%. Silicon wafer was used as the test substrates and the contact angle of the coated 

wafer was determined by applying a 3ul drop of deionised wafer onto the coated wafer and measuring 

the contact angle using a VCA Optima (AST products) with image analysis software. The variation of 

contact angle with (v/v)% OVA crosslinker is shown in Figure 4. It was also noted that for the 10 (v/v) 

% OVA concentration, the water drop left a mark on the coated wafer where it's circumference had 

been. This indicated that a higher level of crosslinker was required to give a more stable coating. 

This observation, in combination with the results in figure 4, suggest an optimum range of 20 - 40 

(v/v) % OVA crosslinker, though this is likely to vary, typically within the range of from 10-60 (v/v) % 

for different monomers and crosslinkers and different chamber sizes. 

Pulsed plasma polymerisation of periluoro alkyl acrylate in the presence of divinyl adipate (OVA) was 

carried out in a 125 litre chamber. Figure 4 shows the effect of adding different liquid volume 

percentages of OVA crosslinker to periluorooctyl acrylate on water contact angle on a silicon wafer 

substrate. 

Example 4 

Example of AFM measurement of monomer/crosslinker co-polymer coating 

A barrier-style coating was prepared in a 22 litre volume chamber using PFAC6 with 10% OVA. The 

deposition process consisted of a 1 minute CW step with a CW power to flow ratio of 3.9 

(W/microliter/min), and a pulsed step with a PW power/monomer flow ratio of 0.28 (W/microlitres/min). 

Figure 6 shows the representative topographical and phase contrast images were obtained from all 

the samples. High spatial resolution images show mainly the structures of areas between the raised 

features. The RMS roughness of the coating is 1.65 nm and the 8.z/d = 0.05. As the 8.z/d value is< 

0.15, then this indicates that the physical layer is substantially pinhole free. 

Example 5 

Example of FTIR/ATR measurement of monomer/crosslinker co-polymer coating 

Two barrier-style coatings were prepared in a 22 litre volume chamber using PFAC6 only and PFAC6 

with 10% OVA as described in example 4. The deposition process consisted of a 1 minute CW step 

with a CW power to flow ratio of 3.9 (W/microliter/min), and a pulsed step with a PW power/monomer 

flow ratio of 0.28 (W/microlitres/min). Figure 7 shows the representative FTIR/ATR spectrum obtained 

from both samples. 
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The FTIR/ATR intensity ratios of peaks attributed to stretching mode of CF3 and C=O groups, 

CF3/C=O, of the coating is indicative of sufficient cross linking in the coating to form a physical barrier. 

CF3 refers to the terminal groups in the side chain of PFAC6. 

Formation of the barrier coatings is believed to be caused by a mixture of cross linking and controlled 

fragmentation ofthe monomers during polymerisation. Cross linking is believed to be predominantly 

via the CF2-CF3 chain, whilst fragmentation is thought to be predominantly through loss of the C=O 

group during polymerisation and to a lesser extent shortening of the CF2 chain. Cross linking effects 

the abundance of -CF3 groups in the coating and controlled fragmentation controls the amount of 

C=O groups in the coating. The ratio of these two functional groups is an indication that sufficient 

cross-linking and fragmentation has taken place and can be measured by the ratio of the intensities of 

the corresponding FTIR/ATR peaks. 

It has been shown that coatings with reduced CF3 / C=O ratios give higher resistance values in the 

electrical test, as described in Example 2, showing an improved coating performance on increased 

cross linking (for CF3) and fragmentation (for C=O). If the FTIR/ATR intensity ratio of the peaks 

attributed to -CF3 stretching and C=O stretching, CF3/C=O, is less than 0.6e-0 1n (where n=6 for 

PFAC6) the resistance of the coating at the electrical test is expected to be higher than 8MOhms. 

The peak intensity ratio CFs/C=O the coating thickness and the final current readings during the 

electrical test are shown in table 2: 

Resistance in CF:JC=O 

Thickness water at av 
ATR peak intensity 

(nm) (Ohms) ratio 

PFAC6 1480 2.1x107 0.23 

PFAC6 and 

10%DVA 

(in volume) 
1450 9.2x109 0.11 

Table 2 
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Claims: 

1. An electronic or electrical device or component thereof comprising a protective cross-linked 

polymeric coating on a surface of the electronic or electrical device or component thereof; 

wherein the protective cross-linked polymeric coating is obtainable by exposing the electronic or 

electrical device or component thereof to a plasma comprising a monomer compound and a 

crosslinking reagent for a period of time sufficient to allow formation of the protective cross-linked 

polymeric coating on a surface thereof, 

wherein the monomer compound has the following formula: 

where R 1 , R2 and R4 are each independently selected from hydrogen, optionally substituted branched 

or straight chain CrC6 alkyl or halo alkyl or aryl optionally substituted by halo, and R 3 is selected from: 

X 
I 

C 
I 

X 

or 

where each Xis independently selected from hydrogen, a halogen, optionally substituted branched or 

straight chain C1-C6 alkyl, halo alkyl or aryl optionally substituted by halo; and n1 is an integer from 1 

to 27; and wherein the crosslinking reagent comprises two or more unsaturated bonds attached by 

means of one or more linker moieties and has a boiling point of less than 500 °C at standard 

pressure. 

2. An electronic or electrical device or component thereof according to claim 1, wherein the 

protective cross-linked polymeric coating is a physical barrier to mass and electron transport. 

3. An electronic or electrical device or component thereof according to claim 1 or claim 2, wherein 

the protective cross-linked polymeric coating forms a liquid repellent surface defined by a static 

water contact angle (WCA} of at least 90°. 

4. An electronic or electrical device or component thereof according to any preceding claim, 

wherein the crosslinking reagent has one of the following structures: 
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(i) (ii) y 7 L---Ya 

where Y 1, Y 2 , Y 3 , Y 4 , Y5 , Y 6 , Y 7 and Y 8 are each independently selected from hydrogen, optionally 

substituted cyclic, branched or straight chain C1-C6 alkyl or aryl; and Lis a linker moiety. 

5. An electronic or electrical device or component thereof according to claim 4, wherein for 

compound (i) L has the following formula: 

each Y 9 is independently selected from, a bond, -0-, -0-C(O)-, -C(0)-0-, -YwO-C(O)-, -C(0)-0-Yw, 

-OYw, and -Y11 0-, where Y 11 is an optionally substituted cyclic, branched or straight chain CrC8 

alkylene; and 

Y 10 is selected from optionally substituted cyclic, branched or straight chain C 1-C8 alkylene and a 

siloxane group. 

6. An electronic or electrical device or component thereof according to claim 5, wherein for 

compound (i) L has one of the following structures: 

0 0 

~o,,.Y10.o~ 

7. An electronic or electrical device or component thereof according to claim 5, wherein for 

compound (i) L has one of the following structures: 

YO'-._,/Y10-./0y 

8. An electronic or electrical device or component thereof according to any of claims 5 to 7, 

wherein Y 10 has the following formula: 
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wherein each Y 12 and Y 13 is independently selected from H, halo, optionally substituted cyclic, 

branched or straight chain alkyl, or -OY14, where Y14 is selected from optionally substituted branched 

or straight chain CrC8 alkyl or alkenyl, and n is an integer from 1 to 10. 

9. An electronic or electrical device or component thereof according to claim 8, wherein each Y 12 

is H and each Y13 is H. 

10. An electronic or electrical device or component thereof according to claim 8, wherein each Y 12 

is fluoro and each Y 13 is fluoro. 

11. An electronic or electrical device or component thereof according to any of claims 8 to 10, 

wherein n is from 4 to 6. 

12. An electronic or electrical device or component thereof according to any of claims 5 to 7, 

wherein Y 10 has the following formula: 

Wherein each Y 15 is independently selected from optionally substituted branched or straight 

chain C 1-C6 alkyl. 

13. An electronic or electrical device or component thereof according to claim 12, wherein each Y 15 

is methyl, and each Y 9 is a bond. 

14. An electronic or electrical device or component thereof according to any of claims 5 to 7, 

wherein Y 10 has the following formula: 

wherein Y 16 to Y19 are each independently selected from H and optionally substituted branched or 

straight chain C 1-C8 alkyl or alkenyl. 
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15. An electronic or electrical device or component thereof according to claim 14, wherein Y 18 is H 

or vinylene, and Y 16 , Y 17 and Y 19 are each H. 

16. An electronic or electrical device or component thereof according to any preceding claim 

wherein the crosslinking reagent is selected from Divinyl Adipate (DVA), 1,4 Butanediol divinyl 

ether (BDVE), 1,4 Cyclohexanedimethanol divinyl ether (CDDE), 1,7 -Octadiene (17OD), 1,2,4 -

Trivinylcyclohexane (TVCH), 1,3-Divinyltetramethyldisiloxane (DVTM DS), Diallyl 1,4-

cyclohexanedicarboxylate (DCHD), 1,6-Divinylperfluorohexane (DVPFH), 1H,1H,6H,6H-

Perfluorohexanediol diacrylate (PFHDA) and glyoxal bis (diallyl acetal) ( GBDA). 

17. An electronic or electrical device or component thereof according to claim 4, wherein for 

compound (ii), Lis selected from a branched or straight chain CrC8 alkylene or an ether group. 

18. An electronic or electrical device or component thereof according to any preceding claim 

wherein the monomer is a compound of formula l(a): 

l(a) 

R9 X X 
I I I c--C---+--C---+--CX3 
I I I 

Ra R10 X CX3 
a b C 

wherein each of R 1, R2 , R4 , and R 5 to R 10 is independently selected from hydrogen or an optionally 

substituted CrC6 branched or straight chain alkyl group; each X is independently selected from 

hydrogen or halogen; a is from 0-10; bis from 2 to 14; and c is 0 or 1; 

; or 

wherein the monomer is a compound of formula l(b): 

l(b) 

R O Rs R1 Rg X X 1 ,, , I I 

R2 ~ 
0
,c-----9--9----9--cx3 

R6 R8 R10 X CX3 
Ri a b C 
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wherein each of R 1 , R2 , R4 , and Rs to R 10 is independently selected from hydrogen or an optionally 

substituted CrC6 branched or straight chain alkyl group; each X is independently selected from 

hydrogen or halogen; a is from 0-1 0; b is from 2 to 14; and c is 0 or 1. 

19. An electronic or electrical device or component thereof according to claim 18, wherein the 

halogen is fluorine. 

20. An electronic or electrical device or component thereof according to claim 18 or claim 19, 

wherein each of R 1, R2 , R4 , and Rs to R 10 is independently selected from hydrogen, methyl, 

ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, sec-butyl, n-pentyl, neopentyl, n-hexyl, 

isohexyl, and 3-methylpentyl. 

21. An electronic or electrical device or component thereof according to claim 20, wherein each of 

R1 , R2 , R 4 , and Rs to R 10 is independently selected from hydrogen or methyl. 

22. An electronic or electrical device or component thereof according to any of claims 18 to 20, 

wherein a and care each independently 0 or 1; and bis from 3 to 7. 

23. An electronic or electrical device or component thereof according to any preceding claim 

wherein each Xis H. 

24. An electronic or electrical device or component thereof according to any of claims 1 to 22, 

wherein each X is F. 

25. An electronic or electrical device or component thereof according to any of claims 18 to 24, 

wherein R1 and R2 are both hydrogen. 

26. An electronic or electrical device or component thereof according to any of claims 18 to 25, 

wherein R4 is hydrogen or methyl. 

27. An electronic or electrical device or component thereof according to any of claims 18 to 26, 

wherein R9 is hydrogen and R 10 is branched or straight chain CrC6 alkyl group. 

28. An electronic or electrical device or component thereof according to claim 27, wherein R 10 is 

methyl. 

29. An electronic or electrical device or component thereof according to any of claims 18 to 28, 

wherein each of Rs to R8 is hydrogen. 

30. An electronic or electrical device or component thereof according to any of claims 18 to 29 

wherein each of each of R 1 , R2 , R4 , and Rs to R 10 is hydrogen, each X is H, a=0 and c=0. 

31. An electronic or electrical device or component thereof according to any of claims 24 to 30, 

wherein the compound of formula l(a) has the following formula: 

where n is from 2 to 10. 
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32. An electronic or electrical device or component thereof according to any of claims 24 to 30, 

wherein the compound of formula l(a) has the following formula: 

where n is from 2 to 10. 

33. An electronic or electrical device or component thereof according to claim 31, wherein the 

compound of formula l(a) is selected from 1 H, 1 H,2H,2H-perfluorohexyl acrylate (PFAC4), 

1 H, 1 H,2H,2H-perfluorooctyl acrylate (PFAC6), 1 H, 1 H,2H,2H-perfluorodecyl acrylate (PFAC8) 

and 1 H, 1 H,2H,2H-perfluorododecyl acrylate (PFAC 10). 

34. An electronic or electrical device or component thereof according to claim 32, wherein the 

compound of formula l(a) is selected from 1 H, 1 H,2H,2H-pefluorohexyl methacrylate (PFMAC4), 

1 H, 1 H,2H,2H-perfluorooctyl methacrylate (PFMAC6) and 1 H, 1 H,2H,2H-perfluorodecyl 

methacrylate (PFMAC8). 

35. An electronic or electrical device or component thereof according to any of claims 18 to 23, 

wherein the compound of formula l(a) has the following formula: 

H O H H H H 

V 
I I 

H ~ 0 ....... H---t-----t-y---+-y 
H R10 H 

Ri a b C 

wherein a and care each independently 0 or 1, b =3-7 and n is 4 to 10, where n=a+b+c+1. 

36. An electronic or electrical device or component thereof according to any of claims 18 to 23, 

wherein the compound of formula l(a) has the following formula: 
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where n is 2 to 12. 

37. An electronic or electrical device or component thereof according to claim 35 or claim 36, 

wherein the compound of formula l(a) is selected from ethyl hexyl acrylate, hexyl acrylate, decyl 

acrylate, lauryl dodecyl acrylate and iso decyl acrylate. 

38. An electronic or electrical device or component thereof according to any of claims 18 to 23, 

wherein the monomer is a compound of formula l(b) and has the following formula: 

where n is from 4 to 14, optionally where R1, R2 and R3 are each H. 

39. An electronic or electrical device or component thereof according to any of the preceding 

claims, wherein the electronic or electrical device or component thereof is selected from mobile 

phones, smartphones, pagers, radios, sound and audio systems such as loudspeakers, 

microphones, ringers and/or buzzers, hearing aids, personal audio equipment such as personal 

CD, tape cassette or MP3 players, televisions, DVD players including portable DVD players, 

video recorders, digi and other set-top boxes, computers and related components such as 

laptop, notebook, tablet, phablet or palmtop computers, personal digital assistants (PDAs), 

keyboards, or instrumentation, games consoles, data storage devices, outdoor lighting 

systems, radio antennae and other forms of communication equipment, and printed circuit 

boards. 

40. A method for treating an electronic or electrical device or component thereof comprising: 

exposing the electronic or electrical device or component thereof to a plasma 

comprising a monomer compound and a crosslinking reagent for a period of time sufficient to allow a 

protective cross-linked polymeric coating to form on a surface of the electronic or electrical device or 

component thereof; 

wherein the monomer compound has the following formula: 
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where R 1 , R2 and R4 are each independently selected from hydrogen, optionally substituted branched 

or straight chain CrC6 alkyl or halo alkyl or aryl optionally substituted by halo, and R 3 is selected from: 

X 
I 

C 
I 

X 

or 

where each X is independently selected from hydrogen, optionally substituted branched or straight 

chain C 1-C6 alkyl, halo alkyl or aryl optionally substituted by halo; and n 1 is an integer from 1 to 27; 

and wherein the crosslinking reagent comprises two or more unsaturated bonds attached by means of 

one or more linker moieties and has a boiling point at standard pressure of less than 500°C. 

41. A method according to claim 40, wherein the crosslinking reagent has one of the following 

structures: 

(i) 
(ii) Y7----L----Y8 

where Y 1, Y 2 , Y 3 , Y 4 , Y5 , Y 6 , Y7 and Y 8 are each independently selected from hydrogen, optionally 

substituted cyclic, branched or straight chain C 1-C6 alkyl or aryl; and L is a linker moiety. 

42. A method according to claim 41, wherein for compound (i) L has the following formula: 

each Y 9 is independently selected from, a bond, -0-, -0-C(O)-, -C(0)-0-, -YwO-C(O)-, -C(O)-O-Y11-, 

-OYw, and -Y11 0-, where Y 11 is an optionally substituted cyclic, branched or straight chain CrC8 

alkylene; and 

Y 10 is selected from optionally substituted cyclic, branched or straight chain C 1-C8 alkylene and a 

siloxane group. 

43. A method according to claim 42, wherein for compound (i) L has one of the following structures: 

0 0 

~o---Y10_0~ 

SUBSTITUTE SHEET (RULE 26) 
Ex. 1028 - Favored - p. 113



WO 2016/198857 PCT/GB2016/051688 

30 

44. A method according to claim 42, wherein for compound (i) L has one of the following structures: 

YO'-..../Y 10_,;0y 

45. An method according to any of claims 42 to 44, wherein Y 10 has the following formula: 

Y12 
I ---c---
1 

Y13 
n 

wherein each Y 12 and Y 13 is independently selected from H, halo, optionally substituted cyclic, 

branched or straight chain alkyl, or -OY14, where Y14 is selected from optionally substituted branched 

or straight chain C 1-C8 alkyl or alkenyl, and n is an integer from 1 to 10. 

46. A method according to claim 45, wherein each Y 12 is Hand each Y 13 is H. 

47. A method according to claim 45, wherein each Y 12 is fluoro and each Y 13 is fluoro. 

48. A method according to any of claims 45 to 47, wherein n is from 4 to 6. 

49. A method according to any of claims 42 to 44, wherein Y 10 has the following formula: 

Wherein each Y 15 is independently selected from optionally substituted branched or straight 

chain C1-C5 alkyl. 

50. A method according to claim 49, wherein each Y 15 is methyl, and each Y 9 is a bond. 

51. A method according to any of claims 42 to 44, wherein Y 10 has the following formula: 
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wherein Y 16 to Y 19 are each independently selected from H and optionally substituted branched or 

straight chain C 1-C8 alkyl or alkenyl. 

52. An method according to claim 51, wherein Y 18 is vinylene or H, and Y 16 , Y 17 and Y 19 are each 

H. 

53. A method according to any of claims 40 to 52, wherein the crosslinking reagent is selected from 

Divinyl Adipate (DVA), 1,4 Butanediol divinyl ether (BOVE), 1,4 Cyclohexanedimethanol divinyl 

ether (CODE), 1,7 -Octadiene (17OD), 1,2,4 -Trivinylcyclohexane (TVCH), 1,3-

Divinyltetramethyldisiloxane (DVTMDS), Diallyl 1,4-cyclohexanedicarboxylate (DCHD), 1,6-

Divinylperfluorohexane (DVPFH), 1H,1H,6H,6H-Perfluorohexanediol diacrylate (PFHDA) and 

glyoxal bis (diallyl acetal) ( GBDA). 

54. A method according to claim 41, wherein for compound (ii), L is selected from a branched or 

straight chain C 1-C8 alkylene or an ether group. 

55. A method according to any of claims 40 to 54 wherein the monomer is a compound of formula 

l(a): 

l(a) 

R9 X X 
I I I ....t-----t-+-C--c--c--cx3 I I I 

R10 X CX3 
a b 

Ra 
C 

wherein each of R 1, R2 , R4 , and R5 to R 10 is independently selected from hydrogen or an optionally 

substituted CrC6 branched or straight chain alkyl group; each X is independently selected from 

hydrogen or halogen; a is from 0-1 0; b is from 2 to 14; and c is 0 or 1; 

; or 

wherein the monomer is a compound of formula l(b): 

l(b) 
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R9 X X 
I I I c---c-----c--cx3 I I I 

Ra R10 X CX3 
a b C 

wherein each of R 1 , R2 , R4 , and Rs to R 10 is independently selected from hydrogen or an optionally 

substituted CrC6 branched or straight chain alkyl group; each X is independently selected from 

hydrogen or halogen; a is from 0-1 0; b is from 2 to 14; and c is 0 or 1. 

56. A method according to claim 55, wherein the halogen is fluorine. 

57. A method according to claim 55 or claim 56, wherein each of R1 , R2 , R4 , and Rs to R10 is 

independently selected from hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert­

butyl, sec-butyl, n-pentyl, neopentyl, n-hexyl, isohexyl, and 3-methylpentyl. 

58. A method according to claim 57, wherein each of R 1 , R2 , R4 , and Rs to R 10 is independently 

selected from hydrogen or methyl. 

59. A method according to any of claims 55 to 58, wherein a and care each independently 0 or 1; 

and bis from 3 to 7. 

60. A method according to any preceding claim wherein each X is H. 

61. A method according to any of claims 41 to 59, wherein each Xis F. 

62. A method according to any of claims 41 to 61, wherein R1 and R2 are both hydrogen. 

63. A method according to any of claims 41 to 62, wherein R4 is hydrogen or methyl. 

64. A method according to any of claims 41 to 63, wherein R9 is hydrogen and R10 is branched or 

straight chain C 1-C6 alkyl group. 

65. A method according to claim 64, wherein R10 is methyl. 

66. A method to any of claims 41 to 65, wherein each of Rs to R8 is hydrogen. 

67. A method according to any of claims 41 to 66 wherein each of each of R 1 , R2 , R4 , and Rs to R 10 

is hydrogen, each Xis H, a=0 and c=0. 

68. A method according to any of claims 61 to 67, wherein the compound of formula l(a) has the 

following formula: 

where n is from 2 to 10. 

69. A method according to any of claims 61 to 67, wherein the compound of formula l(a) has the 

following formula: 
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where n is from 2 to 10. 

70. A method according to claim 68, wherein the compound of formula l(a) is selected from 

1 H, 1 H,2H,2H-perfluorohexyl acrylate (PFAC4), 1 H, 1 H,2H,2H-perfluorooctyl acrylate (PFAC6), 

1 H, 1 H,2H,2H-perfluorodecyl acrylate (PFAC8) and 1 H, 1 H,2H ,2H-perfluorododecyl acrylate 

(PFAC10). 

71. A method according to claim 69, wherein the compound of formula l(a) is selected from 

1 H, 1 H,2H,2H-pefluorohexyl methacrylate (PFMAC4), 1 H, 1 H,2H,2H-perfluorooctyl methacrylate 

(PFMAC6) and 1 H, 1 H,2H,2H-perfluorodecyl methacrylate (PFMAC8). 

72. A method according to any of claims 41 to 61, wherein the compound of formula l(a) has the 

following formula: 

H 0 H H H H H 

HVo I I I 
C C C CH3 
I I I 

f¼ H H R10 H CH3 
a b C 

wherein a and care each independently 0 or 1, b =3-7 and n is 4 to 10, where n=a+b+c+1. 

73. A method according to any of claims 41 to 61, wherein the compound of formula l(a) has the 

following formula: 

where n is 2 to 12. 
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74. A method according to claim 72 or claim 73, wherein the compound of formula l(a) is selected 

from ethyl hexyl acrylate, hexyl acrylate, decyl acrylate, lauryl dodecyl acrylate and iso decyl 

acrylate. 

75. A method according to any of claims 41 to 60, wherein the monomer is a compound of formula 

l(b) and has the following formula: 

where n is from 4 to 14. 

76. A method according to claim 75 wherein the monomer is a compound of formula l(b) and has 

the following formula: 

where n is from 4 to 14. 

77. A method according to any of claims 40 to 76 wherein the electronic or electrical device or 

component thereof is placed in a plasma deposition chamber, a glow discharge is ignited within 

said chamber, and a voltage applied as a pulsed field. 

78. A method according to claim 77 wherein applied voltage is at a power of from 40 to 500W. 

79. A method according to claim 77 or claim 78 wherein the voltage is pulsed in a sequence in 

which the ratio of the time on : time off is in the range of from 1 :500 to 1 :1500. 

80. A method according to any of claims 77 to 79 wherein the voltage is pulsed in a sequence 

where power is on for 20-50µs, and off for from 1 000µs to 30000µs. 

81. A method according to any of claims 77 to 80 wherein the voltage is applied as a pulsed field 

for a period of from 30 seconds to 90 minutes. 

82. A method according to claim 81 wherein the voltage is applied as a pulsed field for from 5 to 60 

minutes. 

83. A method according to any one of claims 77 to 82, wherein in a preliminary step, a continuous 

power plasma is applied to the electronic or electrical device or component thereof. 
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Coatings 

Fleld of the invention 

This lnve~on relates to protective coatings. Specifically, the present Invention relates to protective 

coatings for electronic or electrica1 devices and components thereof, and methods of forming such 

5 coatings. The coatings can protect by being hydrophobic and so resist the ingress of water-based 

liquid into electronic devices, or they can ~ by forming a barrier coating and so provide elactrlcal 

resistance between the electrical parts of. the phone and water based Hqufd. 

Background of the Invention 

Monounsaturated monomers are used to make barrier coatings using plasma polymerisation 

10 processes (see co-pending application). 

The perfluoroalkyl chain monomers are also used for generating hydrophobic surfaGeS from pulsed 

plasma deposition processes (see WO 9858117 A1). 

The power of the plasma initiated polymerisation affects the nature of the Polymer produced. The 

higher average energy Inputs of continuous wave plasmas lead to more fragmentation of the 

1S monomer, and so the polymer loses structural properties of the monomer. In the case of 

1 H, 1 H,2H,2H- perfluorodecyl acrylate (PFACS), there's less retention of the perfluoroalkyl chain and 

the contact angle of the surface coating is compromised. Higher plasma energies also lead to more 

cross1inking. For the lower average energy inputs of pulsed plasmas, there's better retention of 

monomer structure and less Q"OSSllnking. The greater retention of the perfluoro chain under low 

20 energy, pulsed plasma conditions leads to best levels of contact angles for the surface coating. 

When the perfluoroalkyl chains have eight or more fluorinated carbons (long chain). the polymer 

made from the monomer has a crystalUne structure. When the perfluoroalkyl chains have less than 

eight fluorinated carbons, the resulting polymer is amorphous and so can be unstable in the presence 

of water (see "Molecular Aggregation Structure and Surface Properties of Poly(fluoroalkyl accytate) 

25 Thin Rims, Marcomolecules. 2005, vol 38, p5699-5705) 

When long chain parfluoroalkyl polymers are produced by high average power (continuous wave or 

ON) or low average power (pulsed wave or PW) plasmas, then bees, tSe of the aystalline structure of 

the long chains, the polymers are non-stick to the touch and stable In the presence of ~r. 

However, the feel and water stability of shorter chain polymer coatings Is affected by the plasma 

30 power levels used. For example, when PFAC6 (1H, 1H,2H,2H-parfluorooctyl acrylate) is polymerised 

l;_'I tow power plasma conditions, the resulting polymer coating can have several disadvantages. For 

example the coating can cause water drops to spread out a little (slump), be marked by the presence 

of a water drop on i1s surface. have a tacky fee1, or can be easily smeared (for example on substrates 

of silicon wafer and ABS plastic). 
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By Increasing the power. of the plasma used for polymerisation, the polymer beoomes more 

crossllnked and becomes more resistant to smearing. However. increasing the power has the 

concomitant effect of decreasing the water contact angle through more monomer fragmentation (as 

described above). Figure 1 shows the effect of increasing the power to monomer flow ratio for CW 

5 plasmas In a 125 Hire chamber: at a ratio of 4 W/1,11/min, the water contact angle is -85-95 degrees 

and the coating is tack-free. However. as the ratio dro~. the contact angle increases and the · 

occurrence of tacky/smudgy coatings inaeases too. Figure 2 shows the same effect for pulsed 

plasma conditions. These results show that the process window for pi:oducing tack and smu~free 

coatings have a limited plasma processing range and the final coating has a compromised water 

10 contact angle. 

Accordingly, It is an aim to solve one or more of the above-men1(oned problems with the prior art 

coatings. 

Statement of Invention 

An aspect of the present Invention provides an electronic or electricaf device or component thereof 

15 comprising a protective cross-linked polymeric ·coating on a surface of the electronlc or electrical 

device or component thereof; 

wherein the protective cross-linked pol)meric coating is obtainable by exposing the electronic or 

·electrical device or component thereof to a plasma comprising a monomer compound and a 

crosslln~ reagent for a period of time sufficient to allow formation of the protective cross-finked 

20 polymeric coating on a surface thereof, 

25 

wherein the monomer compound has the following formula: 

K
R1 ~a 

. 
. 
\ 

.... ~..; 

where R,, R2 and Rt are each independently selected from hydrogen, optionally substituted branched 

or straight chain C1-CCS alkyl or halo alkyl or aryl optionally substituted by halo, and ~ is selected from: 

0 

~-)l 
"£" ·O ... 

X 
f 

-
i c -cxa 
f 
.! 
X .. "" n1 or 

0 X 

. ~ 1 t. ~ · C:;.., .. ..:.ex:, 
~ .... 0/' t: 

l 
X ·"' ,. n, 
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-where each X Is independently selected from hydrogen, a halogen. optionally substituted branched or 

,straight chain C,-Ca alkyl, halo alkyf or aryl optionaDy substituted by halo: and n1 Is an Integer from 1 

to 27; and wherein the crosslinklng reagent comprises two or more unsaturated bonds attached by 

means of one or more linker moieties and has a bolling point of less than 500 °C at standard 

5 pressure. 

High levels of polymer crossllnklng (form~ only achievable with high average power continuous 

wave plasmas) can be achieved by adding a crossHnking molecule to the monomer to produce a 

cross-linked co-polymer. This has the ad\'Sntage of increasing the plasma processing ran~ so 

stable coatings can now be produced In low average energy pulse plasma conditions. 

10 The high degree of retention of the hydrophobic monomer structures from the low energy pulsed 

plasma gives coatings of the co-polymer a good hydrophobic coating (as evidenced by water contact 

angles) and a coating that is not sticky or smeary to the touch. Thus. these properties make it suitable 

for the coating of electronic devices to prevent the Ingress of water-based liquids from accidental 

damage. Such coatings typically have a thickness between 1 and 100 nm, preferably 1 and 50 nm. 

15 The coating may be described as a liquid repellant layer, typically a water repellant layer. The coating 

may repel water, an aqueous liquid such as rainwater, or oil. 

Alternatively, or in addition to providing a liquid repellent layer, the coating may be a physical barrier 

layer. 

The coating may be a physical barrier I.e. It provides a physical barrier to mass and electron transport. 

20 The physical barrier layer restricts diffusion of water. oxygen and ions. When the coating Is a physical · 

barrier It typically has a thickness of greater than 50 nm. 

The coating is a protective layer I.e. It prevents damage by contact with water or other liquids. The 

coating may provide Is protective functionality by forming a liquid repellent layer and/or a physical 

barrier layer. 

25 The coating Is preferably substantially pin-hole free to enable it to provide a physical barrier. 

Preferably 6Zld <0.15, where AZ Is the average height variation on an AFM line .scan in nm (as 

shown In Figure 3) and d is coating thickness in nm. 

The value of 421d tells us to what extent defects/voids on the surface of the coating extend Into the 

coating, I.e. the percentage value of the depth of defect over total coaling thickness. For example, 

30 ~Zld = 0.15 means that the voids on the surface only extend down to 15% of the coating thickness. A 

coating with a A'Z/d <0.15 is defined herein as being substantially pinhole free. If voids are bigger than 

this, the desired functionality is unlikely to be achieved. 
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The coating is preferably conformal. which means that it takes the 30 shape of the electronic or 

electrical device or component thereof and covers substantially an entire surface of the device. This 

has the advantage of ensuring that the coating has sufficient thickness to give optimal functionality 

over an entire surface of the device or component The meaning of the term •covers substantially an 

5 entire surface• wffl depend to some extent on the type· of surface to be covered •. For example, for 

some components. it may.be necessary for there to be complete coverage of the surface In order for 

the component to function after submersion in water. However, for other componellts or housings, 

small gaps ·in coverage may be tolerated. 

The coating may have a thickness of 50 to 10,000nm, optionally 50 to 8000nm, 100 to 5000nm, 

10 preferably 250nm - 5000nm, most preferably 250nm - 2000nm. 

The coating. may be electrically Insulating and be suffjclently compliant that electrical connectors can 

be joined to the electronic or eleclrical device or component thereof and an electrical connection 

made between the electrical connectors and eJectronlc or electrical device or component thereof 

without lhe requirement to first remove the coating. In this case, the force exerted by the electrical · 

1S connector on the coating is sufficient to alter the structure of or even break through the coating local 

to the electrical connector, allowing the electrlcal connection to be made. Elecbical connectors can 

typically be joined to the e~ic or electrical device or component in this way for coating 

thicknesses of under 5000nm. and for high performance coatings below 2000nm. 

The electronic or electrical device or component thereof can typically withstand Immersion in up to 1 m 

·20 of water for over 30 minutes without faHure or corrosion whilst power applied to the electronic or 

electrical device or component. The effectiveness of the coating can be determined by measuring Its· 

electrical resistance at a fixed voltage when submerged in water for a set time period; for example, 

applying a voltage of 8V to the coating of a device which Is submerged in water for 13 minutes. 

Coatings having a resistance ·vatue of 1x101 Ohms or higher In this test are effective barrier coatings 

25 and the coated electronic or electrical deviGe or component thereof will pass successfully an IPX7 

test. The IPX7 test ts the Ingress Protection Marking which classifies and rates the degree of 

protection provided against water. In the lPX7 test for phones, 1he ~evice is Immersed in water under 

def"tned conditions of pressure and time (up to 1 m of submersion) for a duration of 30 minutes. The 

device has to be powered on during testing and functional after 24 hrs. 

30 In one embodiment, the coating is electrically insulating and has a thickness of fess than 1 micron and 

wherein a force of 5- 20g applied to the coating using a round probe wHh 1 mm diameter allows an 

electrical connection to be made with the electronic or electrlcaJ device or component thereof in the 

local area where the force has been applied. 

In another embodiment. the coatlng is electrically insulating and has a thickness of 1-2.5 mia'ons and 

35 wherein a force of 20-100g applied to the coating using a round probe with 1 mm diameter allows an 

electrical connection to be made in the lacal area of the coating where the foroe has been applied. 
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The coating may have a higher density than that of the corresponding monomer from which lt Is 

~-med. For example, the increase In density may be at feast 0.1 g/cms. The Increase in density is 

explained by the highly crosslinked coating. The high density of the coating improves the barrier 

properties of the coating. 

S The coating may form a surface defined by a static water contact angle {WCA) of at least 70°. A 

coating with a WCA of at least 90° is a liquid repellent typically a water repellent layer. For 

fluorinated polymers, the coating may have a static water contact angle of at least 100•. The contact 

angle of a liquid on a solid substrate gives an· indication of the surface energy which in turn Illustrates 

the substrate's liquid repellence. Contact angles were measured on a VCA 9ptima contact angle 

10 analyser, using 3 µI droplets of deionised water at room temperature. 

Crossllnlcer 

A basic requirement for the cross-linking reagent is the presence two or more unsaturated bonds, for 

example, -C=C- or alkyne groups. The unsaturated bonds are attached by one or more linker 

15 moieties. The linker moiety is not especially llm.lted provided I joins together the two or more 

unsaturated bonds. The cross-linking.reagent must have a boiling point of less than 500 •c, 
preferably from -10 to 3oo•c, optionally 180 to 2ro•c. most preferably 205 to 260°C at standard 

pressure. It is a pn,ference, but not a requirement, that the ~-llnklng reagent 1s not unduly 

hazardous for use In plasma processing. that is to say it can be used in a production environment 

20 where low levels of vapour do not present any significant health and safety issues (e.g. strongly 

oxidising, explosive, toxic, or has an offensive odour (e.g. stench reagent)). The crosslinking reagent 

preferably has one of the following structures: 

(I) (iily7 ..... ..,... .... ~':.~~.=•5-· ·-""."~L-~55$--Yac 

where Y1 , Y2 , Y31 Y4 , Yfit Ya. Y1 and Ye are each independently selected from hydrogen, optionally 

2S substituted cycllc. branched or straight chain C,-Ce alkyl or aryl; and L is a linker moiety. 

Most preferably L has the following formula:. 

~Yt_ , .,..Yu....__ ,, 
&, • ··-;..y,'· ~ 

(iii) . 19 . ~ . 

where each Y9 Is independently selected from, a bond, -0-, -0-C(O)-. -C(O)-0-, -Y11-O-C(O)-, -C(O)-

30 O-Y11-, -OY11-, and -Y,10-, where Y11 is an optionally substituted cycfac, branched or straight chain 

C,-Ca alkylene; and 
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Y10 is selected from optionally substituted cyclic, branched or straight chain ~-C8 alkylene and a 

slloxane containing group. 

In one most prefe~ embodiment Y10 has the following formula: 

t. I . 

(Iv) 

wherein each Y,2 and Y13 is independently selected from H, halo. optionally substituted cyclic. 

branched or straight chain C,-Ca alkyl, or -OY14, where Y14 is selected from optionally substituted 

branched or straight chain ~-Ca alkyl or alkenyl. and n is an integer from 1 to 1 o. 

Optionally, each Y12 is Hand each Y13 is H, i.e. Y10. is a linear alkylene chain. For this embodiment Y9 

10 is preferably a vinyl ester or vinyl ether group. 

Optionally, each Y12 Is fluoro and each Y1a Is fluoros i.e. Y10 la a linear perftuoroalkylene chain. 

Typlcaly, n Is from 4 to 6. 

In another embodiment Y,0 has the following formula: 

15 (V) 

wherein each Y,6 ls independently selected from optionally substituted branched or straight chain~­

Cs alkyl. 

In one embodiment each Y15 1s methyl, and each Y9 is a bond. 

In a further embodiment Y10 has the following formula: 
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(vi) 

wherein Y1a to Y1s are each lndependeJYJy selected from H and optionally substituted branched or 

straight chain C1-Ce alkyl or alkenyl. A preferred alkenyl group is vlnyl. Optionally Y 18 is H or vinyl, and 

5 Y1s, V17 and Y,a are each H. In one embodiment each of Y1a to Y1a is H. In another embodiment Y18 is 

vinyl, and Y111. Y11 and Y1, are each H. 

10 

· In preferable embodiments for compound (I), L has one of the following structures: 

)l_Q J -
v"' "'o- '-v 0 ffl· , 

(ix) 

In another embodiment for compound (I) L has one of the following structures: 

For L according structure (vii), Y1o is preferably an alkylene chain or a cycloalkylene. such as those 

2hown In structures Iv) and vi) above. The alkylene chain may be a straight chain alkylene chain. 

15 When Y10 Is a cycloalkylene, cyclohexylene Is preferred, most preferably 1,4 cyclohexylene. 
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For L according to structure (viii), Y1o is preferably structure (Iv), I.e. an atkylene or fluoroalkylene 

chain. 

For L according to structure (Ix). Y10 is preferably cycloalkylene, such as lhe cyclohexylene according 

to structure (vi). 

5 For L according to structure (x). Y10 Is preferably structure (Iv) wherein each Y12 and Y13 is F. i.e. a 
perfluoroalkylene chain. 

For L according to structure (xi) or ~re (xii) Y10 is preferably alkylene or cycloalkylene. Optionally 

the alkylene or cycloalkylene may be subs~ with one or more vinyl groups or alkenyl ether 

groups. preferably one or more vinyl ether groups. 

10 When each Ye Is a bond. each Y 10 may be any of structures (Iv). (v). and (vi). Preferably Y10 is a 

straight chain alkylene such that the crossHnklng reagent is a diene. such as a heptadiene. octadlene, 

or nonadiene, most pi eferably 1, 7-octadiene. 

When each Ye Is O. each Y10 is preferably a branched or straight chain C1- Ce alkylene, preferably a 

straight chain alkylene, most preferably a C4 straight chain alkylene, l.e the crossllnking reagent Is 

15 1,4-butanediol divinyl ether 

It will be understood that each Ye group can be combined with any other Y9 group and Y10 group to 

form the crosstlnking reagent. 

The skWed person wil be aware of possible subslituents for each of the cyclic, branched or straight 

chain C1-Ca alkylene groups mentioned above. The alkylene groups may be substituted at one or 

20 more positions by a suitable chemical group~ Halo substltuents are prefe('l'ed, with fluoro subslituents 

most preferred. Each C1-Ca alkylene group may be a C1..C,, Cree, or Ce-Ca alkylene group. 

25 

Particularly preferred embodiments of the crossllnker have alkyl chains for Y10 and vinyl ester or vinyl 

ether groups on either side. 

A particularly preferred cross-llnklng reagent Is divlnyl adlpate. (a divlnyl ester) 

Another preferred cross-linking reagent Is 1,4-butanedloJ dlvlnyl ether (a divinyl ether) 

For the most preferred embodiments the crosslinking reagent Is selected from Dlvinyl Adlpate (OVA), 

1,4 Butanediol divlnyl ether (BOVE), 1,4 Cyclohexanedimethanol divlnyl ether (CODE), 1, 7 -Octadiene 

(1700), 1,2,4 -Trlvinylcyclohexane (TVCH), 1,3-Divlnyltetramethyldisiloxane (DVTMDS), Dlallyl 1,4-

30 cyclohexanedlcarboxylate (DCHD), 1,6-Dlvinylperfluorohexane (DVPFH), 1 H.1 H,6H,6H­

Perfluorohexanedlol dlacrylate (PFHDA) and glyoxal bis (diaHyl acetal) ( GBDA). 

For the alkyne crosslinking reagen1s according to compound (ii), L is preferably selected from a 

branched or straight chain C,-Ca alkylene or an ether group. L may be a ~ C4, Cs, or Ce alkylene, 
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preferably a straight chain alkylene.Chemical structures for ·the particularly preferred crosslinklng 

reagents are set out ~ in Table 1: 

Divinyl Adipate (DVA) 

· 1A Butanediol dlvinyl ether 

(BOVE) 

• 1,4 Cyclohexanedlmethano1 

divfnyl ether (CODE) 

1,7-0ctadlene (170p} 

1,2,4 -Trivinylcydohexane 

fTVCH) 

1,3-

• DivinyltetramethyldisUoxane 

(DVTMDS) 

Dlallyl 1,4-

cyclohexanedlcarboxylate 

(DCHD) 

· •. 1;6-DMnylperfluorohexane 

(DVPFH) 

1H,1H,6H,6H­

Perfluorohexanedlol 

dlacrylate (PFHDAl 

GBDA 

H 

0 

~o 
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1,6-hep-~diyne HC== 

1,7-hePfadlyne HC 

1,8-heptadiyne HC== 

Propargyl ether HC~ ==CH 

Table1 

Monomer Compound 

The monomer compound has the following formula: 

where R1, R2 and ~ are each independently selected from hydrogen, optionally substituted branched 

or straight chain C1-Ca alkyl or halo alkyl er aryt optionally substituted by halo, and R:, is selected from: 

or 

where each X is Independently selected from hydrogen, a halogen. optionally substltl.,!ted branched or 

10 straight chain C,-Ce alkyl, halo alkyl or al)i optionally substituted by halo; and n1 Is an Integer from 1 

to 27. Preferably, n1 is from 1 to 12. Optionally n, is from 4 to 12, optiona!ly 6 to 8. 

In a preferred embodiment Rs is selected from: 
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where m1 is an ·integer from Oto 13 and each X Is independently selected from hydrogen, a hafogery, 

optionally substituted branched or straight chain C1-Cs alkyl, halo alkyl or a~ optionally substituted by 

s halo; and m2 is an integer from 2 to 14; 

In a particularly preferred embodiment the monomer Is a compound of formula l(a): 

l(a) 

wherein each of R1, R2• ~. and Rs to R10 Is fndependenlly selected from hydrogen or an optionally 

10 substituted Ci-Ce branched or straight chain alkyl group; each X is independently selected from 

hydrogen or halogen; a is from 0-10; b is from 2 to 14; and c is O or 1; 

1S 

the monomer Is a compound of formula l(b): 

l(b) 

wherein each of R,, ~. Re, and Rs to R1o is independently selected from hydrogen or an optionally 

substituted Ci-Ce branched or straight chain alkyl group; each X is lndependenUy selected from 

hydrogen or halogen; a is from 0-10; b is from 2 to 14; and c is O or 1. 
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The halogen may be chlorine or bromine, but Js preferably fluorine for compliance with RoHS 

regulations (Restriction of Hazardous Substances). 

a is from O to 1 o, preferably from o to 6, optionally 2 to 4, most preferably O or 1. b is from 2 to 14, 

optionally from 2 to 1 O, preferably 3 to 7. 

5 Each of R1, ~. ~ and Rs to R,0 Is Independently selected from hydrogen or a Ci-Ce branched or 

s1raight chain alkyl group. The alkyl group may be substituted or unsubstituted, saturated _or 

unsaturated. When the alkyl group is substituted, the location or type of the substituent is not 

especially ramited provided the resultant polymer provides an appropriate liquid repellent and/or barrier 

layer. The skilled person would be aware of sultable substltuents. If the alkyl group is substituted, a 

. 10 preferred substltuent Is halo, i.e. any of R1, R2, Ra, and Rs to R10 may be haloalkyl, preferably ftuoro 

alkyl. Other possible substlluents may be hydroxyl or amine groups. tf the alkyl group is unsaturated it 

may comprise one or more alkene or alkyne groups. 

Each of R1, ~. Rt, and Rs to R,0 may be independently selected from hydrogen, methyl. ethyl. n-

15 propyl, lsopropyl, n-butyl, isobutyl. tert-butyl, sec-butyl, n-pentyi, neopentyl, n-hexyt, isohexyl. and 3-

methylpenlyl. 

In a preferred embodiment each of R1, ~ ~. and Rs to R1o is Independently selected from hydrogen 

or methyl. 

20 ln a preferred embodiment. a and care each independently O or 1; and b is from 3 to 7. 

In one preferred embodiment each X is H. In an alternative preferred embodiment each Xis F. 

Optionaly R1 and ~ are both hydrogen. 

Optionally R. is hydrogen or methyl. Preferably R, and R2 are both hydrogen and Rt Is hydrogen or 

methyl. 

25 Optionally Re is hydrogen and R10 is branched or straight chain ~-Ce alkyl group. In a preferred 

embodiment R10 Is .methyl. 

In one embodiment each of Re to Ra is hydrogen. 

30 In one embodiment each of R1. ~. ~ and Rs to R,0 is hydrogen. each Xis H. a=O and c=O. 

In a particularly preferred embodiment the monomer compound has the following formula: 
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where n is from 2 to 10. 

In another Pf eferred embodiment the monomer compound has the following formula: 

5 where n is from 2 to 10. 

The monomer compound may be selected from 1H, 1H,2H,2H-perfluorohexyl acrylate (PFAC4), 

1H.1H,2H,2H-perftuorooctyl acrylate (PFAC6). 1 H, 1H,2H,2H-perfluorodecyl acrylate (PFAC8) and 

1H, 1H,2H,2H-perfluorododecyl aaylate (PFAC10). 

The monomer compound may be selected from 1H, 1H,2H,2H-pefluorohexyl methacrylate (PFMAC4), 

10 1 H, 1 H,2H,2H-perfluorooclyl methacrylate (PFMAC6) and 1 H, 1 H,2H,2H-perfluorodecyl methacrylate 

(PFMAC8). 

The monomer compound of formula t(a) may have the following formula: 

wherein a and care each Independently O or 1, b =3-7 and n Is 4 to 10, where n=a+b+c+1. 

15 The monomer ccompound of formula l(a) may have the following formula: 
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where n is 2 to 12. 

The monomer compound may be selected from ethyl hexyl acrylate. hexyt acl)'late, decyl acrylate, 

lauryl dodacyl acrylate and iso decyl acrylate. 

5 The monomer may have the following formula: 

10 

where n is from 4to 14. 

The monomer may have the following formula: 

where n is from 4 to 14. 

In an additional aspect. the present Invention provides a method for treating an electronic device or 

component thereof comprising: 

exposing the electronic or electrical device or component thereof to a plasma comprising a monomer 

compound and a crosslinking reagent for a period of time sufficient to allow a protective cross-linked 

· 15 polymeric coating to form on a surface of the electronic or electrical device or component thereof; 

wherein the monomer compound has the following formula: 
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where R,. ~ and Rt are each independentty selected from hydrogen, optionally substituted branched 

er straight chain Ci-Ce alkyl or halo alkyl or aryl optionally substituted by halo. and Ra is selected from: 

S where each X Is Independently selected from hydrogen, optionally substituted branched or straight 

chain C1-Ce alkyl. halo alkyl or aryl optionally substituted by halo; and n1 is an Integer from 1 to 27; 

and wherein the crossllnklng reagent ~mprlses two or more unsaturated bonds and has a bolling 

point of less than 500 °C at standard pressure. 

The monomer compound and the crosslinking reagent utilised In the method are described in further 

10 detaR above. 

Typically the electronic or elecbical device or component thereof Is placed in a plasma deposition 

chamber, a glow discharge Is Ignited within said chamber, and a voltage applied as a pulsed field •• 

Preferably the applied voltage is at a power of from 30 to eoow. Optlonaly the voltage Is pulsed In a 

sequence In which the ratio of the time on/time off is In the range of from 0.001 to 1, optionally 0.002 

15 to 0.5. For example. time on may be 10-500 &JS. preferably 35-45 µs, or 30-40 1,19, such as about 36 

ps and time off may be from 0.1 to 30 ms, preferably· 0.1 to 20 ms. optionally from 5 to 15 ms, for 

example 6ms. Time on may be 35 IJS, 40 IIS, 45 "'5- Time off may be 0.1. 1, 2, 3. 6, 8, 10, 15. 20, 25 

or30 ms. 

The term pulsed may mean that the plasma cycles between a state of no (or substantially no) plasma 

20 emission (off-state) and a state ~e a particular amount of plasma Is emitted (on-state). 

Alternatlvely, pulsed may mean that 1here is continuous emission of plasma but that the amount of 

plasma cycles between an upper limit (on-state) and lower limit (pff-state). 

In a further embodiment the invention reeides in a method of forming a coating on an electronic or 

electrical device or component thereof as defined above, the method comprising: exposing said 

25 substrate In a chamber to a plasma comprising a monomer compound. preferably a continuous 

plasma, for a sufficient period of time to aUow a protective polymeric coating to form on the substrate, 
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wherein during exposure of the substrate the continuous plasma has a power density of at least 

2'N/lltre, preferably 20WAitre. 

Optionally the voltage is applied as a pulsed field for a period Df from 30 seconds to 90 minutes. 

Optlonally the voltage Is applied as a pulsed field for from 5 to 60 minutes. Optionally In a preliminary 

5 step, a continuous power plasma i$ applied to the electronic or electrical device or component thereof. 

The preliminary step may be conducted in the presence of an Inert gas. 

Before the a"OSSlinker and/or the monomer compound enter the deposition chamber each may be in 

the ·form of a gas, liquid or a solid (for example a powder) at room temperature. However, it is the 

preferred that the crosslinklng reagent and the monomer compound are both liquid at room 

10 temperature, and most preferably that the monomer and crosslinker liquids are misclble. 

The monomer compound and/or the crosslinker wlU suitably be in a gaseous state in the plasma. The 

plasma may simply comprise a vapour of the monomer compound and the crossllnker. Such a vapour 

may be formed In-situ, with the compounds being Introduced Into the chamber In llquld form. The 

monomer may also be combined with a carrier gas, in particular, an inert gas such as helium or 

15. argon. 

In preferred embodiments, lhe monomer and/or the crossllnker may be delivered Into the chamber by 

way of an aerosol device such as a nebullser or the like. as described for example in 

WO2003/097245 and W0031101621, the content of which is Incorporated herein by reference. In 

20 such an arrangement a carrier gas may not be required, which advantageously assists in achieving 

high flow rates. 

In one embodiment the monomer compound_ and/or the crossLinklng reagent are in gaseous form and . 

are f_. into the plasma at a rate of from 10-5000 mg/minute depending on chamber volume, whilst 

the pulsed voltage is applied. 

25 Optionally the plasma Is created with an average power of from 0.001 to 40Wnitre. 

The crosslinker may be miscible with the monomer and 80 introduced together or separately Into the 

plasma chamber. Or the aosslinker may be immiscible with the monomer and Introduced separately 

into the plasma chamber. In this context. the term •m1scible• means that the crossllnker is soluble in 

the monomer, and when mixed they form a_solution of uniform composition. The term •immiscible• is 

30 used to mean th~ the crosslinker is only partly soluble or insoluble in the monomer, and 80 either 

forms an emulsion or separates out Into two layers. 

The crosslnklng reagent is preferably present in an amount of from 1 0 to 60 (v/v) %, optionaly 20 to 

40 (v/v) %, optionally 25 to 30 (v/v)% , optionally 30 to 50 (v/v)% of the total volume of monomer 

compound and crosslinking reagent, depending on the specific crossllnker. The sklled person would 

35 understand that the amount will vary to some extent depending on whether the coating is required to 
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be liquid repellent or provide a barTler to mass and electron transport. The skilled person would 

understand that the (v/v) percentages are those which give a stable crosslinked polymer coating and 

the highest water contact angle. 

Electronic or electrical device or component thereof 

Although the invention Is of benefit In· the context of a wide variety of substrates, the substrate may, in 

an aspects of the invention, advantageously be an electronic substrate. 

In some embodiments of the Invention, the electronic substrate may comprise an electronic or 

electrical device, i.e. any piece of electrical or electronic equipment. Non-limiting examples of 

10 electrical and eleclronic devices include communications devices such as moble phones. 
smartphones and pagers, radios, and sound and audio systems such as loudspeakers, microphones, 

ringers or buzzers, hearing aids, personal audio equipment such as personal CD, tape cassette or 

MP3 players, televisions, DVD players incfuding portable DVD players. video recorders, digi and other 

set-top boxes such as Sky, computers and related components such as laptop, notebook. tablet. 

15 phabtet or palmtop computers. personal dlgltal assistants (PDAs), keyboards, or instrumentation, 

games consoles In particular hand-held playstations and the like, data storage devices, outdoor 

lighting systems or radio antenna and other forms of communication equipment. 

In preferred embodiments of the invention,}he substrate may comprise or consist of an electronic 

component, e.g. a printed circuit board (PCB), a printed circuit board array (PCBA), a transistor, 

20 resistor, or semi-conductor chip. The electronic component may thus be an Internal component of an 

electronic device, e.g. a mobile phone. The coatings of the invention are particularly valuable In 

preventing electrochemical migration in such components. 

In all aspects of the invention. the precise conditions under which the protective polymeric coattng is 

fanned In an effective manner will vary depending upon factors such as, without limitation,. the nature 

25 of the monomer compound, the crosslinldng reagent, the substrate. as wel as the desired properties 

of the coating. These conditions can be determined using routine methods or, preferably. using the 

techniques and preferred features of the invention described herein, which work in particular synergy 

with the Invention. 

The present invention will now be further described with reference 1o the following non-limiting 

30 examples and the accompanying illustrative drawings, of which: 

Figure 1 Illustrates shows the effect of Increasing the power to monomer flow ratio for CW plasmas in 

a 3 litre chamber In a prior art process. 

Figure 2 shows the same effect for pulsed plasma conditions; 
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Figure 3 shows a tapping mode image over 10x1O µm2 field of view of a specimen example 

(thickness d=1230 nm) prepared according to Example 1 (left hand side) and a contour line plot 

showing the data used for calculatlon of RMS roughness (right hand side). The AZ. value Indicated on 

the plot has been taken over an area of the graph that represents the majority of the coating. Peaks 

S that lie above the AZ. range indicate large particles and troughs that fall below the AZ. range show 

voids or pinholes in the coating. The width of the peaks also gives an indication of the particle size. 

Figure 4 illustrates the effect of adding the dMnyl adipate crosstinker to perfluorooctyl acryl• on 

water oontact angle from a process on a 125 Litre chamber. 

Figure 5 shows the effect of adding crossllnkers In accordance with the invention on the electrical 

10 resistance per nm of the coatings. 

Figure 6 shows a tapping mode image of a 90 nm thick coating, prepared as described in Example 3, 

over 2x2µm2 field of view (top left), a representative contour line indicating height variation (z-axis) of 

the coating (top right) and a phase Image lndlcating full substrate coverage (bottom left) ;RMS 

roughness of the coating Is 1.65 run and Az/d =0.O5 

15 Example1 

Example of plasma polymerlslng PFAC6 with no croasllnker in a 3 litre chamber 

PFAC6 was polymerised In a 3 litre glass chamber using a continuous plasma process. In the 

experimental matrix, the continuous plasma was produced using RF power levels of 50, 100 and 200 

Watts. The process pressure was run at 30, 60 and 90 mTorr and the monomer flow rate run at 50, 

20 100 and 200 microlilres of liquid per minute. The duration of the process was either 10 or 40 minutes. 

The coated substrate was sRicon wafer and whether the coating was tacky or not was determined by 

wiping the substrate with a finger and determining by eye if the coating had smeared. The results in 

Figure 1 Indicate that for lower CW powers, the coating could easily be smeared (i.e. tacky), but by 

Increasing the power to flow ratio, the coating became resistant to smearing (I.e. non-tacky) and this 

25 is expected to be due to additional crosslinking caused by more monomer f~entatlon. The water 

contact angle was also seen to decline with increasing power to flow ratio, and this too is indicative of 

more power increasing the level of monomer fragmentation. 

The same 3 litre chamber was used to also look at the effect of power to flow ratios with pulsed 

plasma polymerisation. In these experiments, the peak power was either 250 or 500 W. The RF 

30 power feed was pulsed with an on time of 35 microseconds and off times of 5.5 and 1 mlllsecond. 

Process pressure was either 20, 35, 60 or 80 mTorr. The monomer flow was either 50 or 200 

microlitres of liquid per minute. Figure 2 shows that low power to flow conditions can generate 

coatings that can be smeared {tacky) and only by increasing the power could the smear be reduced. 

This too had a concomitant decllne In water contact angle. 
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The results from Figures 1 and 2 show that plasma processing PFAC6 on its own could only lead to 

smear -free coatings when the powers were high enough to decrease the other desirable property of 

the water contact angle This illustrates the need to add a crosslinker to prevent the coating smearing 

and maintain the water~ angle. 

S Example2 

Exampl• of Perlluoro Alkyl Acrylate co-polymerlsatlon with Crosslinker to show 

Improvements In electrical raalatance 

Perffuorooctyl acrylate monomer was mixed with a slngle crossllnker from the following list 

VINYL ESTERS: DMnyl adlpate (OVA) 

10 VINYL ETHERS: 1,4-Butanediol dMnyl ether (BOVE); 1,4 Cydohexanedimethanol divinyl ether 

(CODE) 

DI-or TRI-VINYLS: 1,7-0ctadlene (1, 7-0D); 1,2,4-Trlvinylcyclohexane (TVCH); 

DI VINYL with alkyl fluoro group: 1,6-dMnylperHuorohexane (DVPFH) 

DI VINYL with sillcon group: 1,3-Divinyl tetramelhyldisloxane (DVTMOS) 

15 DI VINYL with cyclic ring and carboxylate groups: Diallyl 1,4-cyclohexanedicarboxylate (OCHC) 

DI ACRYLATE: 1H1 H,6H,6H-perfluorohexanediol diacrylate (PFHDA) 

The crosslinker was mixed with the PFAC6 as a percentage by volume for the foUowlng percentages: 

20, 40 > 60 I 80, and 100%. 

Plasma initiated polymerisation reactions were carried out in a 3 litre. glass plasma chamber. The 

20 ~ substrates were test circuit boards. The PFAC6/crosslinker mixture was introduced at a rate of 0.04 -

0.06 ul/mln and the process pressure was 40 mTorr. The process plasma consisted of a 1 minute 

continuous plasma (CW) step of 5fNV foilowed by 1 O - 20 minute pulsed plasma (PW) step of 50W 

and RF power being delivered by a pulse sequence with a duty cycle of 6.9%. The coated circuit 

boards were immersed in tap water and an 8V potential was applied for 13 minutes. The final current 

25 readings. together with coating thickness measurements, were used to calculate the electrical 

resistance per nm of coating. Figure 5 below shows the effect of adding a range of crossllnkers on 

the electrical resistance per nm of the barrier coatings. Figure 5 dearly shows the improvement in 

resistance that can be gained by adding the crosslinker to the PFAC6 monomer. Furthermore, all of 

the crosslinkers tested gave non-smear/non-tacky coatings with concentration levels of 20% and 

30 above, with the exceptions of DVTMDS. DCHD. PFHDA and DVPFH which were non-smear at levels 

of 40% and above. 
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Example3 

Example of crossRnker concentration on water repellent coating. 

Water repellent coatings were prepared in a 125 litre volume chamber using PFAC6 With different 

levels of divlnyl adlpate (OVA) and using helium as a carrier gas. The deposition process consisted 

5 of a 3 minute CW step With 300W power and a pulsed step With 150W power and an RF pulse duty 

cycle of 0.018%.. Slicon wafer was useo as the test substrates and the contact angle of the coated 

wafer was determined by applying a 3ul drop of deionised wafer onto the coated wafer and measuring 

the eontact angle using a VCA Optima (AST products) with Image analysis software. The variation of 

contact angle with (v/v)% OVA crossllnker Is shown In Figure 4. It was also noted that for the 10 (v/v) 

10 o/o OVA concentration, the water drop left a mark on the coated wafer where it's circumference had 

been. This indicated that a higher level of crosslinker was required to give a more stable coating. 

Tf'\Js observation, in combination with the results in figure 4, suggest an optimum range of 20 - 40 

(v/v) o/o DVA crosslinker, though this is likely to vary, typically within the range of from 10-60 (v/v) % 

for dffferent monomens and crossllnkers and different chamber sizes. 

15 Pulsed plasma polymerisation of perfluoro alk)II acrylate in the presence of dlvinyt adipate (OVA) was 

carried out in a 125 litre chamber. Figura 4 shows the effect of adding different liquid volume 

percentages of OVA crossDnker to perfluorooctyl acrylate on water contact angle on a silicon wafer 

substrate. 

Example4 

20 Example.of AFM measurement of rnonomer/crosallnker co-polymer coating 

A barrier-style coating was prepared in a 22 lltre volume chamber using PFAC6 with 10% OVA. The 

deposition process consisted of a 1 minute CW step with a ON power to flow ratio of 3.9 

('N/mlcrollter/mln), and a pulsed step with a PW power/monomer flow ratio of 0.28 (W/microlitres/mln}. 

Agure 6 shows the representative topographical and phase contrast images were obtained from all 

25 the samples. High spatial resolution images show malnly the structures of areas between the raised 

features. The RMS roughness of the coating is 1.65 nm and the Az/d = 0.05. As the Az/d value is < 

0.15, then this Indicates that the physical fayer is substantially pinhole free. 

30 
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Claims: 

1. An electronic or electrical device or component thereOf comprising a protective cross-linked 

polymertc coating on a surface of the electronic or electrical device or component thereof; 

wherein the protective cross-finked polymeric coating is obtainable by exposing the electronic or 

s elec:lrical device or component thereof to a plasma comprising a monomer compound and a 

crosslinking reagent for a period of time sufficient to allow formation of the protective cross-linked 

polymeric coating on a surface thereof, 

10 

wherein the monomer compound has the following formula: 

R1 Ra 
\. / 
)=( 

1· ·\ 
. B,1 Rz 1· .. 

I, 
}; 

where R1o Rz and Rt are each independently selected from hydrogen, optionally substituted branched 
I. 

or straight chain Ci-Ca alkyl or halo alkyl or aryl optionally substituted by halo, and R:, is selected t,qrn: 

X 
{ 
t 
C .. CX3 
•i. 

l 
X . __ n1 

or 

X 
fr 
r; 

.. ::6 : .. r: .. J 
J( 

• 

,-.•. 

where each X Is Independently selected from hydrogen, a halogen. optionally substituted branched Or 
straight chain C,-Ce alkyl, halo alkyl or aryl optionally substituted by halo; and n, ·1s an integer from f 

15 to 27; and wherein the crosslink1ng reagent comprises two or more unsaturated bonds attached by 

means of one or more linker moieties and has a boUing point of less than 500 •c at standard 

pressure. 

2. An electronic or electrical device or component thereof according to claim 1, wherein the 

protective cross-finked polymeric coating is a physical barrier to mass and electron transport. 

20 3. An electronic or electrical device or component thereof according to claim 1 or claim 2, wherein 

the protective cross-linked polymeric coating forms a Hquld repellent surface defined by a static 

water contact angle (WCA) of at least 90°. 

4. An electronic or electrical device or component thereof according to any preceding claim, 

wherein the crossllnklng reagent has one of the following structures-: 
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(ti) '°"r ,..,., •··. . = .. L 

where Y,, Y2, Ys, Y4, Y& Ye. Y7 and Ya are each Independently selected from hydrogen, optional~y 

substituted cyctic, branched or straight chain C1-Ce alkyl or aryl; and L is a linker moiety. 

5 5. An electron·ic or alectrlca1 device or component thereof according to claim 4, wherein for 

compound (I) L has the following formula: 

~ ,;"Vi Yi) 
~ -.. ;<..vl(' ~y-

each Y9 Is Independently selected from, a bond. -0-, -0-C(O}-. -c(0)-0-, -Y,1-0-C(O)-. -c(0)-0-Yw, 

-OY11-, and -Y110-, where Yu is an optionally substituted cyclic, branched or straight chain C,-Ca 

10 alkylene; and 

15 

20 

Y1o is selected from optionally substituted cyclic, branched or straight chain C1-Ca alkylene and . a 

siloxane group. 

6. 

7. 

8. 

An electronic or electrical device or component thereof according to claim S, wherein for 

compound (i) L has one of the folowing structures: 

An electronic or electrical device or component thereof according to claim 5, wherein for 

compound {i) L has one of the foUowing structures: 

L. . O O ' O... · Yw. 0.., 
f -:,~,:- '~ / .. '-. .. e""/\ . ,/ ~ ,~~.,,,, '.;t 

~ ' , 
An electronic or electrical device or component thereof according to any of cialms 5 to 7, 

wherein Y10 has the following formula: 
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wherein each Y12 and Y1a is independenUy select~ from H. halo, optionally substituted cyclic. 

branched or straight chain alkyl, or-OY14, where Y1• Is selected from optionaily substituted branched 

s Qr straight chain ~-Ca alkyl or alkenyl. and n is an integer from 1 to 10. 

9. An electronic or electrical device or component thereof according to claim 8, wherein each Y~2 

Is H and each Y,3 is H. 

10. An electronic or electrical device or component thereof according to claim 8, wherein each Y12 

Is fluoro and each Y,3 Is fluoro. 

10 11. An el~nic or electrical device or component thereof according to any of claims 8 to 10. 

wherein n is from 4 to 6. 

12. An electronic or erectrical device or component thereof according to any of claims 5 to 7. 

wherein Y,0 has the following formula: 

. V,i. . Y.if 

"i t J i :r--ii-0-1~1 
v,, ., .. ~ 

15 Wherein each Y1s Is independentty select~ from optionally subs1ituted branched or straight 

chain C:1-Ca alkyl. 

13: An electronic or electrical device or component thereof according to claim 12. wherein each Y15 

Is methyl, and each V9 Is a bond. 

14. An electronic or electrical device or component thereof according to any of clalms 5 to 1. 

20 wherein Y10 has the following formula: 

\t'A'\ereln Y16 to Y19 are each i~dependently selected from Hand optionally substituted branched or 

s~ht chain ~-Ca alkyl or alkenyl. 
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15. An electronic or electrical device or component thereof according to claim 14, wherein Y18 ts H 

or vlnylene, and Y,a, Y,1 and Y1e ara each H. 

16. An electronic or electrlcal device or component thereOf according to any preceding claim 

wherein the crossllnklng reagent is selected from Olvinyl Adipate (DVA), 1.4 Butanediol divinyl 

s ether (BOVE), 1,4 Cycrohexanedimethanol divlnyl ether (CODE), 1,7 -Octadfene (170D), 1,2,4 -

Trivinylcydohexane ('IVCH), 1,3-Divinyltetramethyldisiloxane (DVTMOS), Diallyl 1,4-

cyclohexanedicarboxylate (DCHD), 1,6-Divinylperfluorohexane (DVPFH), 1H,1H,6H*6H­

Perfluorohexanediol diacrylate (PFHDA) and glyoxal bis {dlallyl acetal) ( GSDA). 

10 11. An electronic or electrical device or component thereof according to claim 4, wherein for 

compound (i), L Is selected from a branched or straight chain C1-C8 alkylene or an ether group. 

15 

18. An electronic or electrical device or component thereof according to any preceding claim 

wherein the monomer Is a compound of formula l(a); 

l{a) 

wherein each of R1, Ri, ~ and Rs to ~o Is independently selected from hydrogen or an optionally 

substltUted C1-Ce branched or straight chain alkyl group; each X is independently selected from 

hydrogen or halogen: a is from 0-1 O; b Is from 2 to 14; and c Is o or 1: 

; or 

20 wherein the monomer is a compound of formula l(b): 

l(b) 
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wherein each of R1, Rz, R-4, and Rs to R10 is independenay selected from hydrogen or an optlonalfy 

substituted ~-e, branched or s1ralght chain alkyl group; each X Is Independently selected from 

hydrogen or halogen; a Is from 0-10; bis from 2 to 14: and c Is O or 1. 

19. An electronic or electrical device or component thereof according to claim 18. wherein the 

5 halogen is fluorine. 

10 

15 

20 

25 

30 

20. An electronic or electrical device or component thereof according to claim 18 or clalm 19, 

wherein each of R1, Rz, R., and Ra to R10 is independently selected from hydrogen, methyt, 

ethyl, n-propyl, isopropyl, n-butyl. lsobutyl, tert-butyl, sec-butyl; n-pentyl, neopentyl, n-hexyl. 

lsohexyl, and 3-methylpentyl. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

An electronic or electrical device or component thereof according to claim 20. wherein each of 

R1, ~ R.i, and Ra to R10 is independendy selected from hydrogen or methyl. 

An electronic or electrical device or component thereof according to any of claims 18 to 20, 

wherein a and care each Independently O or 1: and b Is from 3 to 7. 

An eJectronlc or electrical device or component thereof according to any preceding claim 

wherein each X is H. 

An electronic or electrlcal device or component thereof according to any of claims 1 to 22, 

wherein each X is F. 

An electronic or eleclrlcal device or component thereof according to any of claims 18 to 24, 

wherein R1 and R2 are both hydrogen. 

An electronlc or electrical device or component thereof according to any of claims 18 to 25, 

wherein ~ Is hydrogen or methyl. 

An electronic or electrical device or component thereof according to any of daims 18 to 26, 

wherein Re Is hydrogen and R10 is branched or straight chain C,-Ce alkyl group. 

An·electronlc or electrica1 device or component thereof according to claim 27, wherein R14,1s 

methyl. 

An electronic or elecb1cal device or component thereof according to any of claims 18 to 28. 

wherein each of Rs. to-Ra is hydrogen~ 

An electronic or electrlcal device or component thereof according to any of claims 18 to 29 

wherein each of each of R1, ~. Rt, and Rr. to R10 Is hydrogen, each X Is H, a=O and c=O. 

An electronic or electrical device or component thereof acconfing to any of dalms 24 to 30, 

wherein the compound of formula l(a) has the followlng formula: 

where n is from 2 to 10. 

Ex. 1028 - Favored - p. 152



26 

32. An electronlc or electrical device or component thereof according to any of claims 24 to 30. 

wherein the compound of formula l(a) has the following formula: 

where n Is from 2 to 10. 

s 33. An electronic or electrlcal device or component thereof according to claim 31, wherein the 

compound of formula l(a) Is selected from 1H,1H,2H,2H-perfluorohexyl acrylate (PFAC4), 

1 H, 1H,2H,2H-perfluorooctyl acrylate (PFAC6), 1 H, 1 H,2H,2H-perfluorodecyf acrylate (PFAC8) 

and 1H,1H,2H,2H-perftuorododecyj acrylate (PFAC10). 

10 34. An electronic or electrical device or component thereof· according to cfalm 32, wherein the 
compaund of formula l(a) Is selected from 1 H, 1 H,2H,2H-pefluorohexyl methacrylate (PFMAC4), 

1 H. 1 H,2H,2H-perfluorooctyl methacrylate (PFMAC6) and 1 H, 1 H,2H,2H-perfluorodecyl 

methacrylate (PFMAC8). 

15 35. An electronic or electrical device or component thereof according to any of claims 18 to 23, 

wherein the compound of formula l(a) has the foDowing formula: 

wherein a and c are each Independently O or 1, b =3-7 and n is 4 to 1 o. where n=a+b+c+1. 

36. An electronic or electrical device or component thereof according to any of claims 18 to 23, 

20 wherein the compound of formula l(a) has the following formula: 
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where n is 2 to 12. 

37~ An electronic or electrlcal device or component thereof according to claim 35 or claim 36, 

wherein the compound of fonnula l(a) is selected from ethyl hexyl acrylate, hexyl acrylate, decyl 

acrylate, lauryl dodecyt acrylate and ~ decyl acrylate. 

5 38. An electronic or e1ectrical device or component thereof according to any of claims 18 to 23. 

wherein the monomer Is a compound of formula l(b) and has the following formula: 

where n Is from 4 to 14, optionally where R1. ~ and Ra are each H. 

39. An electronic or electrical device or component thereof according to any of the preceding 

10 claims, wherein the electronic or electrical device or component thereof is selected from mobile 

phones, smartphones. pagers. radios. sound and audio systems such as loudspeakers, 

microphones, ringers and/or buzzers, hearing aids, personal audio equipment such as personal 

CD. tape cassette or MP3 players, televisions, DVD players including portable DVD players, 

Video recorders, digi and other set-top boxes, computers and related components such as 

1S laptop. notebook. tablet, phablet or palmtop computers, personal digttal assistants (PDAs), 

keyboards, or instrumentation, games consoles, data storage devices, outdoor llghting 

systems. radio antennae and other forms of communication equipment, and printed circuit 

boards. 

40. A method for treating an electronic or electrlcal device or component thereof comprising: 

20 exposing the electronic or electrical device or component thereof to a plasma 

25 

comprising a monomer compound and a crosslinking reagent for a period of time sufficient to allow a 

protective cross-linked polymeric coating to form on a surface of the electronic or electrlcal device or 

component thereof; 

wherein the monomer compound has the following formula: 

I 
:1 

Ex. 1028 - Favored - p. 154



28 

where R,, R2 .and R. are· each Independently selected from hydrogen, op~nally substituted branched 

or straight chain C1-C8 alkyl or halo alkyl o:- aryl optionally substituted by halo, and Ra is ~ected from: 

or 

where each X Is Independently selected from hydrogen, optionally substituted branched or straight 

s chain C,-Ce alkyl, halo alkyl or aryl optionally su~tituted by halo; and n1 Js an Integer from 1 to 27; 

10 

15 

· and wherein the crosslinking reagent comprises two or more unsaturated bonds attached by means of 

one or more linker moieties and has a.boiling point at standard pressure of less than soo•c. 

41. A method according to claim 40, wherein the crosslinking reagent has one of the following 

structures: 

. ·- .. -~!I 

where Y1• Y2, Y3, Y4, Y5, Ye, _Y7 and Y8 are each independently selected from hydrogen, optionally 

substituted cyclic, branched or straight c~aln c,-c. alkyl or aryl; and L is a linker moiety. 

42. A method according to claim 41, wherein for compound (i) L has the following formula: 

._. ~'f-u·, 7 vv..... • 
·1e· ,.V1:: ·"-·~ ... ,. 

each Y9 is independently selected from, a bond, -0-, -O-C(O)-.-C(0)-0-, -Y,,-0-C(O)-. -C(O)-O-Y11-. 

-OY11-, and -Y11O-, where Y11 Is an optk>nalty substituted cyclic, branched or straight chain C1-CS 
alkylene; and 

Y10 is selected from optionally substituted cyclic, branched or straight chain C1-<:a alkylene and a 

20 siloxane group. 

43. A method according to claim 42, wherein for compound (I) lli has one of the following structures: 
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44. A method according to claim 42. wherein for compound (i) L has one of the following structures: · 

f........._ /tJ' ...... ,....... ... o~. ~o,"~;.,c"Y.."'t........_,,,,,~,o,~4 .... . !,;I), ~. . ,. 

s 45. An method according to any of claims 42 to 44. wherein Y1o has the following fonnula: 

~,2. 
\ f 
I -y-

_v,tt_ .ff: 
< ...... :.: 

wherein each Y12 and Y,3 Is Independently selected from H. halo, optionally substituted cyclic, 

10 branched or straight chain alkyl, or-OY14, where Y1• is selected from optionaRy substituted branched 

or straight chain Ct-Ca alkyl or alkenyl, and n is an integer from 1 to 10. 

46. - A method according to claim 45, wherein each Y12 Is H and each Y,s is H. 

47. A method according to claim 45, wherein each Y12 Is fluoro and each Y1a Is fluoro. 

48. A method according to any of claims 45 to 47, wherein n Is from 4 to 6. 

15 49. A method according to any of clalms 42 to 44, wherein Y 10 has the following formula: 

Y1$ Yu,:. 

l···+-o .. b 
Y1a y. 

Wherein each Y15 is Independently selected from optionally substituted branched or straight 

chain C1-Ce alkyl. 

50. A method according to claim 49, wherein each Y1s Is methyl. and each Y9 Is a bond. 

20 . 51. ,A method according to any of claims 42 to 44, wherein Y1o has-the following fomlula: 
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wherein Y18 to Y19 are each Independently selected from Hand optionally substituted branched or 

straight chain ~-Ce alkyl or alkenyl. 

52. An method according to dalm 51. wherein Y1e is vinylene or H. and Y18, Y17 and Y18 are each 

5 H. 

53. A method according to any of claims 40 to 52, wherein the crosslinking reagent is selected from 

Divinyl Adipate (DVA), 1,4 Butanediol dMnyl ether (BOVE), 1,4 Cydohexanedimethanol divinyl 

ether (CDDE), 1,7 -Octadlene (170D), 1,2,4 -Trivinyfcyclohexane (lVCH), 1,.3-

DMnyltetramethyldisiloxane (OVTMDS), DiaHyf 1,4-cyclohexanedicarboxylate (DCHD)., 1,6-

10 Divinylperfluorohexane (DVPFH), 1H,1H,6H,6H-Perfluorohexanediol dlacrylate (PFHDA) and 

glyoxaJ bis (dlallyl acetal) ( GBDA). 

54. A method according to claim 41, Wherein for compola'ld (ii), Lis selected from a branched or 

straight chain C1-C. alkylene or an ether group. 

55. A method according to any of claims 40 to 54 wherein the monomer is a compound of formula 

15 l(a): 

l(a) 

Wherein each of R1 , RJ. R., and Rs to R10 is independentty selected from hydrogen or an optionally 

substituted C,-Ce branched or straight chain alkyl group; eaeh X is independently selected from 

20 hydrogen or halogen; a is from 0-10; b is from 2 to 14; and c ts O or 1: 

; or 

wherein the monomer Is a compound of formula l(b): 

l(b) 
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wherein each of R,. R2, Rc. and Rs to R10 is independently selected from hydrogen or an optionally 

substituted Ct-Ce branched or straight chain alkyl group; each X Is independently selected from 

hydrogen or halogen; a Is from 0-10; bis from 2 to 14; and c is O or 1. 

5 56. A method according to claim 55, wherein the halogen Is fluorine. 

10 

15 

20 

25 

57. A method according to claim 55 or claim 56, wherein each of R1, Rz. Re. and Rs to R10 is 

independenUy selected from hydrogen, methyl, ethyl, n-propyl, isopropyl. n-butyl, lsobutyl, tert­
butyl, sec-butyl, n-pentyl, neopentyl, n-hexyl, isohexyl, and 3-methytpentyt. 

68. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 

68. 

A method according to claim 57, wherein each of R1; Rz, ~ and Rs to R1o is independently 

selected from hydrogen or methyl. 

A method according to any of claims 55 to 68, wherein a and care each Independently O or 1; 

and bis from 3to 7. 

A method according to any preceding claim wherein each X is H. 

A method according to any of claims 41 to 59, wherein each X is F. 

A method according to any of claims 41 to 61, wherein R1 and Rz are both hydrogen. 

A method according to any of claims 41 to 62, wherein Re is hydrogen or methyl. 

A method according to any of claims 41 to 63, wherein Re is hydrogen and R10 is branched or 

straight chain C,-Ce alkyl group. 

A method according to claim 64, wherein R10 is methyl. 

A method to any of claims 41 to 65, wherein each of Rs lo Re is hydrogen. 

A method according lo any of claims 41 to 66 wherein ead1 of each of R1 , R2, Re, and Rs to R10 

Is hydrogen. each X Is H, a=O and c=O. 

A method according lo any of claims 61 to 67, wherein the compound of fonnula l(a) has the 

following formula: 

where n is from 2 to 10. 

69. A method according to any of claims 61 to 67, wherein the compound of formula l(a) has the 

following formula: 
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where n Is from 2 to 10. 

70. A method according to claim 68, wherein the compound of formula l(a) is selected from 

1 H, 1 H,2H,2H-perfluorohexyl acrylate (PFAC4), 1 H, 1 H.2H,2H-perfluorooctyl acrylate (PFAC6), 

5 1H,1H,2H,21:f-perfluorodecyl acrylate (PFAq8} and 1H,1H.2H.2H-perfluorododecyl acrylate 

(PFAC10). 

71. A method according to claim 69, wherein the compound cf formula l(a) is selected from 

1 H. 1 H,2H.2H-pefluorohexyl methacrytate (PFMAC4). 1 H, 1 H,2H,2H-perfluorooctyl methacrylate 

10 (PFMAC6) and 1H, 1 H.2H,2H-perfluorodecyl methacrylate (PFMAC8). 

72. A method according to any of claims 41 to 61, wherein the compound of formula l(a) has the 

following formula: 

15 wherein a and care each Independently 0 or 1, b =3-7 and n is 4 to 10, where n=a+b+c+1. 

73. A method according to any of claims 41 to 61, wherein the compound of fonnula l(a) has the 

following formula: 

where n is 2 to 12. 
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74. A method according to daim_ 72 or claim 73, wherein the compound of formula l(a) is selected 

from ethyl hexyl acrylate, hexyl acrylate. decyl acrylate, lauryl dodecyl acr)iate and iso decyl 

acrylate. 

75. A method according to any of daims 41 to 60, wherein the monomer is a compound of fonnula 

5 l(b) and·has the following formula: 

10 

where n Is from 4 to 14. 

76. A method according to claim 75 wherein the monomer Is a compound of fonnula l(b) and has 

the foflowing formula: 

where n -Is from 4 to 14. 

77. A method according to any of daims 40 to 76 wherein the electronic or electrical device or 

component thereof is placed In a plasma deposition chamber, a glow discharge is ignited within 

said chamber. and a voltage applied as a pulsed field. 

15 78. A method according to claim 77 wherein applied voltage is at a power of from 40 to 500W. 

79. A method according to claim 77 or claim 78 wherein the voltage Is pulsed In· a sequence in 

which the ratio of the time on : time off is in the range of from 1 :500 to 1 :1500. 

80. A method according to any of claims 77 to 79 wherein the voltage is pulsed In a sequence 

where power is on for 20-501,JS, and off for from 1000µs to 30000µs. 

20 81. A method according to any of claims- 77 to 80 wherein the voltage Is applied as a pulsed field --. 
for a period of from 30 seconds to 90 minutes. 

82. A method according to claim 81 wherein the voltage is applied as a pulsed field for from 6 to 60 

minutes. 

83. A method according to any one of claims n to 82, wherein in a preliminary step. a continuous 

25 power plasma is applied to the electronic or electrical device or component thereof. 
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84. A method according to claim 83, wherein the preliminary step is conducted in the presence of 

an inert gas. 
85. A method according to any one of claims 77 to 84. wherein the monomer compound and/or the 

crossHnklng reagent In gaseous fonn Is fed into the plasma .at a rate of from 80-300 mg/minute. · 

S whilst the pulsed voltage fs applied. 

86. A method aCCORlfng to any one of claims 77 to 85. wherein th~ plasma is created with a voltage 

at an average power of from 0.001 to 500wlm3
! . 

87. A method according to any of claims«> to-86, wherein the monomer compound is miscible with 

the crossRnklng reagent. 

10 88. A method according to any of claims 40 to 86, wherein the monomer compound is Immiscible 

.wlfh the crossllnklng reagent 

89. A method according to dalm 87. wheNin the step of exposing the electronic or electrlcal device 

or component thereof to a plasma occurs In a plasma chamber. and the monomer compound 

and crossllnking reagent are mixed prfor to entering the chamber. · 

15 90. A method according to claim 87 or daim 88 wherein the step of exposing the electronic or 

electrical device or component thereof to a plasma occurs In a plasma chamber; and the 

monomer compound and crosslinking reagent are Introduced separately into the chamber. 

91. A method according to any of claims 40 to 90. whereJn the crossnnking reagent Is present in an 

amount of from 10 to 60 (v/v) % o,f the total volume of monomer compound and crosslfnklng 

20 reagenL 

25 

30 
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Coatings 

Abstract 

The present Invention provides an electronic or electrical device or component thereof comprising a 

cross-linked palymeric coating on a surface of the electronic or electrical device or component 

5 thereof; wherein the cross-Hnked polymeric coating is obtaJnable by exposing the electronic or 

electrical device or component thereof to a plasma com~ing a monomer comPoUnd and a 

., crossllnking · reagent for a period of time sufficient to allow formation of the cross-linked polymeric 
1 

10 

coating on a surface thereof, 

wherein the monomer compound has 1he:following formula: 

P., . R.a 
,~: 

i . . \J· 
where R1, R2 and Rt are each Independently selected from hydrogen, optionally substituted branched 

or straight chain C1-Ce alkyl or halo alkyl or aryl optionally substituted by halo, and ~ Is selected from: 

or 

where each X ls Independently selected from hydrogen, a halogen, optionalty substituted branched or 

15 straight-chain CrCe alkyl, halo alkyl or aryt optionally substituted by halo; and n1 Is an integer from 1 

to 27; and wherein the crosslinking reagent comprises two or more unsaturated bonds attached by 

means of one or more linker moieties and has a boftlng point at standard pressure of less than soo•c. 

20 

f 
f 
I 
( 
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expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.495(c). 

• Properly executed inventor's oath or declaration for the following inventor(s) has not been submitted: Stephen 
Richard COULSON, Delwyn EVANS, Angeliki SIOKOU, and Clive TELFORD 

Total additional claim fee(s) for this application is $7820 
• $7000 for 70 total claims over 20. 
• $820 for multiple dependent claim surcharge. 
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The time period set above may be extended by filing a petition and fee for extension of time under the provisions 
of37CFR 1.136(a). 

Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed 
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5) 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web. 
https ://sportal. uspto .gov/authenticate/ AuthenticateUserlocal EP F. htm I 

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or 
visit our website at http://www.uspto.gov/ebc. 

If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

MAMYE I WAGSTAFF 

Telephone: (571) 272-1057 
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In The United States Patent And Trademark Office 
Inventor: Stephen Richard COULSON 

Serial No. 15/735,130 

International Filing Date: June 8, 2016 

International App. No. PCT/GB2016/051688 

371(c): 

For: 

December 8, 2017 

COATINGS 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

Examiner: To Be Assigned 

Group Art Unit: 1762 

Confirmation No. 7101 

Docket No. GBL0007/US 

I CERTIFY THAT ON 06/15/2018 THIS CORRESPONDENCE IS 

BEING ELECTRONICALLY TR1\NSMIITED TO THE CNITED ST ATES 

PA TENT AND TRADEMARK OFFICE VLA THE OFFICE'S EFS-\VEB 

/Sonja A. Talley/ 
SONJA A. TALLEY 

Preliminary Amendment 

Dear Sir or Madam: 

This is a Preliminary Amendment in the above-captioned application. Kindly enter this 

Amendment prior to calculating the filing fee for this application. 

No fee is believed to be required in connection with the filing of this Preliminary 

Amendment. 
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Claim Amendments 

Please amend claims 1--3, 5--16, and 31--34; and cancel claims 4, 17--30, and 35--91 as 

follows: 

1. (Currently Amended) An electronic or electrical device or electronic or electrical component 

thereof comprising a protective cross-linked polymeric coating on a surface of the eleetronie Of 

eleetfieal said device or component thereof; 

wherein the protective cross-linked polymeric coating is obtainable by exposing the eleetronie Of 

eleetfieal said device or component thereof to a plasma comprising a monomer compound and a 

crosslinking reagent for a period of time sufficient to allow formation of the protective cross-­

linked polymeric coating on a surface thereof, 

wherein the monomer compound is a compound of formula Ha): 

X 

I 
-,------ """' C><:1 

C:x.='* .. C 

wherein each ofR1, R2, and R" to Rs is hydrogen: each of&., .... BD and R10 is independently 

hydrogen or methyl: each X is independently hvdrogen or halogen: a is from 0--10: b is from 3 to 

7: and c is O or 1 l=las tl=lo fellovvin§ forml:lla: 

R1 R3 
\ /. 
\~-{/ 
/ \ 

,/ \ 
R2 'R,t 
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BfaaeheEl Of stt:aight ehaia C+-G6 alkyl Of halo alkyl Of afyl 013tioaally st10stitm:0El sy halo, aaEl R; 

is seleeteEl froffl: 

X 

whefe eaeh X is iaEle13eaEleRtly seleeteEl froffi eyElrngea, a halogea, 013tioaally st10stitm:eEl 

BfaaeheEl Of stt:aight ehaia C+-G6 alkyl, halo alkyl Of aryl 013tioaally st10stitm:0El sy halo; aaEl f4-iS­

aa iategef froffi 1 to 27; and wherein the crosslinking reagent comprises two or more unsaturated 

bonds attached by means of one or more linker moieties and has a boiling point of less than 500 

~C at standard pressure, the crosslinking reagent having one of the following structures: 

(i) 

where Y1, Y2, Y3.,_y1.,_y2.,_y§..,_y7 and Ys are each hydrogen: and Lis a linker moiety. 

2. ( Currently Amended) i\,a eleetrnaie Of eleetrieal The device or component thefeof according 

to claim 1, wherein the protective cross-linked polymeric coating is a physical barrier to mass 

and electron transport. 

3.( Currently Amended) i\,a eleetrnaie Of eleetrieal The device or component thernof according 

to claim 1 Of elaiffi 2, wherein the protective cross-linked polymeric coating forms a liquid 

repellent surface defined by a static water contact angle (WCA) of at least 90°. 
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4. (Cancelled) 

5. (Currently Amended) ,'\R eleetroRie or eleetrieal The device or component thereof according 

to elaim 4 claim 1, wherein for compound (i) L has the following formula: 

each Y 9 is independently selected from, a bond, -0-, -0-C( 0 )-, -C( 0 )-0-, -Y u-0-C( 0 )-, -C( 0 )-

0-Y n-, -0Y n-, and-Yu 0-, where Y 11 is an optionally substituted cyclic, branched or straight 

chain C1-Cs alkylene; and 

Y 10 is selected from optionally substituted cyclic, branched or straight chain C 1-C8 alkylene and 

a siloxane group. 

6. (Currently Amended) AR eleetroRie or eleetrieal The device or component thereof according 

to claim 5, wherein for compound (i) L has one of the following structures: 

7. (Currently Amended) AR eleetroRie or eleetrieal The device or component thereof according 

to claim 5, wherein for compound (i) L has one of the following structures: 
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8. (Currently Amended) Afl eleefFeflie eF eleekiea:l The device or component theFeef according 

to afl:)' ef elaiffls 5 te 7 claim 5, wherein Y 10 has the following formula: 

wherein each Y 12 and Y 13 is independently selected from H, halo, optionally substituted cyclic, 

branched or straight chain alkyl, or -OY14, where Y 14 is selected from optionally substituted 

branched or straight chain C1-C8 alkyl or alkenyl, and n is an integer from 1 to 10. 

9. (Currently Amended) Afl eleefrnflie eF eleekieal The device or component thernef according 

to claim 8, wherein each Y 12 is H and each Y 13 is H. 

IO. ( Currently Amended) :Pili eleefFeflie eF eleefFieal The device or component thernef according 

to claim 8, wherein each Y 12 is fluoro and each Y 13 is fluoro. 

11. (Currently Amended) Afl eleetrnE:ie eF eleetrieal The device or component thernef aee0FdiE:g 

te aey ef elaiffls g te 10 claim 8, wherein n is from 4 to 6. 

12. (Currently Amended) A:E: eleekeflie eF eleetrieal The device or component thernef according 

to aey ef elaiffls 5 te 7 claim 5, wherein Y 10 has the following formula: 

Wherein each Y 15 is independently selected from optionally substituted branched or 

straight chain C1-C6 alkyl. 
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13. ( Currently Amended) A,H eleetreaie er eleetrieal The device or component thereef according 

to claim 12, wherein each Y 15 is methy 1, and each Y 9 is a bond. 

14. (Currently Amended) AH eleetreaie er eleetrieal The device or component thereef according 

to aey ef elaims 5 te 7 claim 5, wherein Y 10 has the following formula: 

!·ti 

/' 

wherein Y 16 to Y 19 are each independently selected from H and optionally substituted branched 

or straight chain C 1-C8 alkyl or alkenyl. 

15. (Currently Amended) A,H eleetreaie er eleetrieal The device or component thereef according 

to claim 14, wherein Yl8 is Hor vinylene, and Y16, Y17 and Y19 are each H 

16. (Currently Amended) A,H eleetreaie er eleetrieal The device or componentthereef according 

to aay 13reeediag elaim claim 1, wherein the crosslinking reagent is selected from Divinyl 

Adipate (DVA), 1,4 Butanediol divinyl ether (BDVE), 1,4 Cyclohexanedimethanol divinyl ether 

(CDDE), 1,7 -Octadiene (17OD), 1,2,4 -Trivinylcyclohexane (TVCH), 1,3-

Divinyltetramethyldisiloxane (DVTMDS), Diallyl 1,4-cyclohexanedicarboxylate (DCHD), 1,6-

Divinylperfluorohexane (DVPFH), 1H,1H,6H,6H-Perfluorohexanediol diacrylate (PFHDA) and 

glyoxal bis (diallyl acetal) ( GBDA). 

17-30. (Cancelled) 
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31. (Currently Amended) AH eleetFsHie sr eleetFieal The device or component theresf according 

to aHy sf elaiffls 24 ts 30 claim 1, wherein the compound of formula I(a) has the following 

formula: 

where n is from 2 to 10. 

32. (Currently Amended) AH eleoosHie er eleetFieal The device or component thereef according 

to aHy ef elaiffls 24 ts 30 claim 1, wherein the compound of formula I(a) has the following 

formula: 

where n is from 2 to 10. 

33. (Currently Amended) An eleooeHie sr eleooieal The device or component thereef according 

to claim 31, wherein the compound of formula I(a) is selected from 1H,1H,2H,2H­

perfluorohexyl acrylate (PFAC4), 1H,1H,2H,2H-perfluorooctyl acrylate (PFAC6), 

1H,1H,2H,2H-perfluorodecyl acrylate (PFAC8) and 1H,1H,2H,2H-perfluorododecyl acrylate 

(PFACl0). 

34. (Currently Amended) An eleetrnHie er eleetrieal The device or component thereef according 

to claim 32, wherein the compound of formula I(a) is selected from 1H,1H,2H,2H-pefluorohexyl 
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methacrylate (PFMAC4), 1H,1H,2H,2H-perfluorooctyl methacrylate (PFMAC6) and 

1H,1H,2H,2H-perfluorodecyl methacrylate (PFMAC8). 

35-91. (Cancelled) 
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Remarks 

Applicant respectfully requests that the preliminary amendment be entered prior to 

examination of the above-identified patent application. 

Claims 1-91 are pending in the above-identified patent application. With this Preliminary 

Amendment, claims 1-3, 5-16, and 31-34 are amended, and claims 4, 17-30, and 35-91 are 

canceled. Upon entry of the current amendment, claims 1-3, 5-16, and 31-34 are pending, which 

include 19 total claims and 1 independent claim. 

Claims Pending Upon National Stage Entry 

Applicant notes that the PCT Publication of PCT application PCT/GB2016/051688 

published with 34 pages of text, which included 83 claims. The "Claims Worksheet (PTO-

2022)" on PAIR identifies 83 claims as well. But, Applicant points out that the PCT Publication 

of PCT application PCT/GB2016/051688 erroneously left out page 35, which was originally 

filed with PCT application PCT/GB2016/051688 and included claims 84-91. A copy of PCT 

application PCT/GB2016/051688 as filed was downloaded from 

http://www.wipo.int/patentscope/en/ and is submitted herewith as an attachment, which shows 

page 35 and claims 84-91. Applicant's undersigned representative, Mr. Paul J. Parins, contacted 

the IB on June 15, 2018, and the IB concurred with respect to page 35 as explained above. The 

IB indicated that PCT application PCT/GB2016/051688 would be re-published in July, 2018 

with page 3 5 and provided to the US PTO as a Designated Office. 

Accordingly, the present Preliminary Amendment references claims 84-91 as canceled. 

Support for Claim Amendments 

Applicant submits that the claim amendments are fully supported by the application as 

originally filed and do not present new matter. 

Support for the amendment to claim 1 can be found at, e.g., page 5, lines 23-27 and 

page 11, lines 6-11. Claim 1 is also amended for clarification purposes. 

Claims 2-3, 5-16, and 31-34 are amended to conform to the amendment of claim 1, from 

which they depend. 

Claims 3, 8, 11, 12, 14, 16, 31, and 32 are amended to remove multiple dependencies. 
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Approval of the application and allowance of the claims are earnestly solicited. In the event 

that a phone conference between the Examiner and the Applicant's undersigned representative 

would help resolve any issues in the application, the Examiner is invited to contact said attorney at 

(651) 275-9831. 

Date: June 15, 2018 

#119892 

Respectfully Submitted, 

By: /Paul J. Parins/ 

Paul J. Parins, Reg. No. 54,358 
Customer Number 33072 
Phone: 651-275-9831 
Fax: 651-351-2954 
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Coatings 

Field of the invention 

This invention relates to protective coatings. Specifically, the present invention relates to protective 

coatings for electronic or electrical devices and components thereof, and methods of forming such 

coatings. The coatings can protect by being hydrophobic and so resist the ingress of water-based 

liquid into electronic devices, or they can protect by forming a barrier coating and so provide electrical 

resistance between the electrical parts of the phone and water based liquid. 

Background of the invention 

Monounsaturated monomers are used to make barrier coatings using plasma polymerisation 

processes (see co-pending application). 

The perfluoroalkyl chain monomers are also used for generating hydrophobic surfaces from pulsed 

plasma deposition processes (see WO 9858117 A1). 

The power of the plasma initiated polymerisation affects the nature of the polymer produced. The 

higher average energy inputs of continuous wave plasmas lead to more fragmentation of the 

monomer, and so the polymer loses structural properties of the monomer. In the case of 

1H,1H,2H,2H- perfluorodecyl acrylate (PFAC8), there's less retention of the perfluoroalkyl chain and 

the contact angle of the surface coating is compromised. Higher plasma energies also lead to more 

crosslinking. For the lower average energy inputs of pulsed plasmas, there's better retention of 

monomer structure and less crosslinking. The greater retention of the perfluoro chain under low 

energy, pulsed plasma conditions leads to best levels of contact angles for the surface coating. 

When the perfluoroalkyl chains have eight or more fluorinated carbons (long chain), the polymer 

made from the monomer has a crystalline structure. When the perfluoroalkyl chains have less than 

eight fluorinated carbons, the resulting polymer is amorphous and so can be unstable in the presence 

of water (see "Molecular Aggregation Structure and Surface Properties of Poly(fluoroalkyl acrylate) 

Thin Films, Marcomolecules, 2005, vol 38, p5699-5705) 

When long chain perfluoroalkyl polymers are produced by high average power (continuous wave or 

CW) or low average power (pulsed wave or PW) plasmas, then because of the crystalline structure of 

the long chains, the polymers are non-stick to the touch and stable in the presence of water. 

However, the feel and water stability of shorter chain polymer coatings is affected by the plasma 

power levels used. For example, when PFAC6 (1 H, 1 H,2H,2H-perfluorooctyl acrylate) is polymerised 

in low power plasma conditions, the resulting polymer coating can have several disadvantages. For 

example the coating can cause water drops to spread out a little (slump), be marked by the presence 

of a water drop on its surface, have a tacky feel, or can be easily smeared (for example on substrates 

of silicon wafer and ABS plastic). 
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By increasing the power of the plasma used for polymerisation, the polymer becomes more 

crosslinked and becomes more resistant to smearing. However, increasing the power has the 

concomitant effect of decreasing the water contact angle through more monomer fragmentation (as 

described above). Figure 1 shows the effect of increasing the power to monomer flow ratio for CW 

plasmas in a 125 litre chamber: at a ratio of 4 W/µI/min, the water contact angle is ~85-95 degrees 

and the coating is tack-free. However, as the ratio drops, the contact angle increases and the 

occurrence of tacky/smudgy coatings increases too. Figure 2 shows the same effect for pulsed 

plasma conditions. These results show that the process window for producing tack and smudge-free 

coatings have a limited plasma processing range and the final coating has a compromised water 

contact angle. 

Accordingly, it is an aim to solve one or more of the above-mentioned problems with the prior art 

coatings. 

Statement of Invention 

An aspect of the present invention provides an electronic or electrical device or component thereof 

comprising a protective cross-linked polymeric coating on a surface of the electronic or electrical 

device or component thereof; 

wherein the protective cross-linked polymeric coating is obtainable by exposing the electronic or 

electrical device or component thereof to a plasma comprising a monomer compound and a 

crosslinking reagent for a period of time sufficient to allow formation of the protective cross-linked 

polymeric coating on a surface thereof, 

wherein the monomer compound has the following formula: 

where R1, R2 and R4 are each independently selected from hydrogen, optionally substituted branched 

or straight chain C1-Ce alkyl or halo alkyl or aryl optionally substituted by halo, and R3 is selected from: 

l,l~l; " X " 

- ~ 
\.,,✓--/ --...,·,,~ o """ "'t! """'"'ex~~ 

x n 
" 1 or 
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where each Xis independently selected from hydrogen, a halogen, optionally substituted branched or 

straight chain C1-C6 alkyl, halo alkyl or aryl optionally substituted by halo; and n1 is an integer from 1 

to 27; and wherein the crosslinking reagent comprises two or more unsaturated bonds attached by 

means of one or more linker moieties and has a boiling point of less than 500 °C at standard 

pressure. 

High levels of polymer crosslinking (formerly only achievable with high average power continuous 

wave plasmas) can be achieved by adding a crosslinking molecule to the monomer to produce a 

cross-linked co-polymer. This has the advantage of increasing the plasma processing range so 

stable coatings can now be produced in low average energy pulse plasma conditions. 

The high degree of retention of the hydrophobic monomer structures from the low energy pulsed 

plasma gives coatings of the co-polymer a good hydrophobic coating (as evidenced by water contact 

angles) and a coating that is not sticky or smeary to the touch. Thus, these properties make it suitable 

for the coating of electronic devices to prevent the ingress of water-based liquids from accidental 

damage. Such coatings typically have a thickness between 1 and 100 nm, preferably 1 and SO nm. 

The coating may be described as a liquid repellant layer, typically a water repellant layer. The coating 

may repel water, an aqueous liquid such as rainwater, or oil. 

Alternatively, or in addition to providing a liquid repellent layer, the coating may be a physical barrier 

layer. 

The coating may be a physical barrier i.e. it provides a physical barrier to mass and electron transport. 

The physical barrier layer restricts diffusion of water, oxygen and ions. When the coating is a physical 

barrier it typically has a thickness of greater than SO nm. 

The coating is a protective layer i.e. it prevents damage by contact with water or other liquids. The 

coating may provide is protective functionality by forming a liquid repellent layer and/or a physical 

barrier layer. 

The coating is preferably substantially pin-hole free to enable it to provide a physical barrier. 

Preferably t:..Z/d <0.15, where t:..Z is the average height variation on an AFM line scan in nm (as 

shown in Figure 3) and d is coating thickness in nm. 

The value of t:..Z/d tells us to what extent defects/voids on the surface of the coating extend into the 

coating, i.e. the percentage value of the depth of defect over total coating thickness. For example, 

t:..Z/d = 0.15 means that the voids on the surface only extend down to 15% of the coating thickness. A 

coating with a t:..Z/d <0.15 is defined herein as being substantially pinhole free. If voids are bigger than 

this, the desired functionality is unlikely to be achieved. 
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The coating is preferably conformal, which means that it takes the 3D shape of the electronic or 

electrical device or component thereof and covers substantially an entire surface of the device. This 

has the advantage of ensuring that the coating has sufficient thickness to give optimal functionality 

over an entire surface of the device or component. The meaning of the term "covers substantially an 

entire surface" will depend to some extent on the type of surface to be covered. For example, for 

some components, it may be necessary for there to be complete coverage of the surface in order for 

the component to function after submersion in water. However, for other components or housings, 

small gaps in coverage may be tolerated. 

The coating may have a thickness of 50 to 10,000nm, optionally 50 to 8000nm, 100 to 5000nm, 

preferably 250nm - 5000nm, most preferably 250nm - 2000nm. 

The coating may be electrically insulating and be sufficiently compliant that electrical connectors can 

be joined to the electronic or electrical device or component thereof and an electrical connection 

made between the electrical connectors and electronic or electrical device or component thereof 

without the requirement to first remove the coating. In this case, the force exerted by the electrical 

connector on the coating is sufficient to alter the structure of or even break through the coating local 

to the electrical connector, allowing the electrical connection to be made. Electrical connectors can 

typically be joined to the electronic or electrical device or component in this way for coating 

thicknesses of under 5000nm, and for high performance coatings below 2000nm. 

The electronic or electrical device or component thereof can typically withstand immersion in up to 1 m 

of water for over 30 minutes without failure or corrosion whilst power applied to the electronic or 

electrical device or component. The effectiveness of the coating can be determined by measuring its 

electrical resistance at a fixed voltage when submerged in water for a set time period; for example, 

applying a voltage of 8V to the coating of a device which is submerged in water for 13 minutes. 

Coatings having a resistance value of 1x107 Ohms or higher in this test are effective barrier coatings 

and the coated electronic or electrical device or component thereof will pass successfully an IPX7 

test. The IPX7 test is the Ingress Protection Marking which classifies and rates the degree of 

protection provided against water. In the IPX7 test for phones, the device is immersed in water under 

defined conditions of pressure and time (up to 1 m of submersion) for a duration of 30 minutes. The 

device has to be powered on during testing and functional after 24 hrs. 

In one embodiment, the coating is electrically insulating and has a thickness of less than 1 micron and 

wherein a force of 5- 20g applied to the coating using a round probe with 1 mm diameter allows an 

electrical connection to be made with the electronic or electrical device or component thereof in the 

local area where the force has been applied. 

In another embodiment, the coating is electrically insulating and has a thickness of 1-2.5 microns and 

wherein a force of 20-1 00g applied to the coating using a round probe with 1 mm diameter allows an 

electrical connection to be made in the local area of the coating where the force has been applied. 
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The coating may have a higher density than that of the corresponding monomer from which it is 

formed. For example, the increase in density may be at least 0.1 g/cm3· The increase in density is 

explained by the highly crosslinked coating. The high density of the coating improves the barrier 

properties of the coating. 

The coating may form a surface defined by a static water contact angle (WCA) of at least 70°. A 

coating with a WCA of at least 90° is a liquid repellent, typically a water repellent layer. For 

fluorinated polymers, the coating may have a static water contact angle of at least 100°. The contact 

angle of a liquid on a solid substrate gives an indication of the surface energy which in turn illustrates 

the substrate's liquid repellence. Contact angles were measured on a VCA Optima contact angle 

analyser, using 3 µI droplets of deionised water at room temperature. 

Cross/inker 

A basic requirement for the cross-linking reagent is the presence two or more unsaturated bonds, for 

example, -C=C- or alkyne groups. The unsaturated bonds are attached by one or more linker 

moieties. The linker moiety is not especially limited provided it joins together the two or more 

unsaturated bonds. The cross-linking reagent must have a boiling point of less than 500 °C, 

preferably from -1 Oto 300°C, optionally 180 to 270°C, most preferably 205 to 260°C at standard 

pressure. It is a preference, but not a requirement, that the cross-linking reagent is not unduly 

hazardous for use in plasma processing, that is to say it can be used in a production environment 

where low levels of vapour do not present any significant health and safety issues (e.g. strongly 

oxidising, explosive, toxic, or has an offensive odour (e.g. stench reagent)). The crosslinking reagent 

preferably has one of the following structures: 

(i) 

Y'-1 
.// 

Y,, -----1,·\ 
;,,:. '" 

\." \~\. ' ·: .• ·~ 
' l. 

! 
.i 

Y:~ 

where Y1, Y2, Y3, Y4, Ys, YB, Y1 and Ya are each independently selected from hydrogen, optionally 

substituted cyclic, branched or straight chain C1-C6 alkyl or aryl; and L is a linker moiety. 

Most preferably L has the following formula: 

, ... Y~, _..---Y<J'-... 
~-----·//' , ... . '<{ -·:~,,_-... -.,.___ i· 

(iii) \ l<)· f 
where each Yg is independently selected from, a bond, -0-, -O-C(O)-, -C(O)-O-, -Y11-O-C(O)-, -C(O)­

O-Y11-, -OY11-, and -Y11O-, where Y11 is an optionally substituted cyclic, branched or straight chain 

C1-Ca alkylene; and 
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Y10 is selected from optionally substituted cyclic, branched or straight chain C1-Ca alkylene and a 

siloxane containing group. 

In one most preferred embodiment Y10 has the following formula: 

(iv) 

wherein each Y12 and Y13 is independently selected from H, halo, optionally substituted cyclic, 

branched or straight chain C1-Ca alkyl, or -OY14, where Y14 is selected from optionally substituted 

branched or straight chain C1-Ca alkyl or alkenyl, and n is an integer from 1 to 10. 

Optionally, each Y12 is Hand each Y13 is H, i.e. Y10, is a linear alkylene chain. For this embodiment Yg 

is preferably a vinyl ester or vinyl ether group. 

Optionally, each Y12 is fluoro and each Y13 is fluoro, i.e. Y10 is a linear perfluoroalkylene chain. 

Typically, n is from 4 to 6. 

In another embodiment Y10 has the following formula: 

Y-16 Y1f:. 

i ---+i ----o---+---1 
~ ~ 
~ ~ 

y ·H:, )\ '.> 

(v) 

wherein each Y1s is independently selected from optionally substituted branched or straight chain C1-

C5 alkyl. 

In one embodiment each Y1s is methyl, and each Yg is a bond. 

In a further embodiment Y10 has the following formula: 
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(vi) 

wherein Y16 to Y19 are each independently selected from H and optionally substituted branched or 

straight chain C1-Ca alkyl or alkenyl. A preferred alkenyl group is vinyl. Optionally Y1B is H or vinyl, and 

Y16, Y11 and Y19 are each H. In one embodiment each of Y16 to Y19 is H. In another embodiment Y1B is 

vinyl, and Y16, Y11 and Y19 are each H. 

In preferable embodiments for compound (i), L has one of the following structures: 

'¾_,/ 
(ix) ·,, 

(x) 

In another embodiment for compound (i) L has one of the following structures: 

(xi) (xii) 

For L according structure (vii), Y10 is preferably an alkylene chain or a cycloalkylene, such as those 

shown in structures iv) and vi) above. The alkylene chain may be a straight chain alkylene chain. 

When Y10 is a cycloalkylene, cyclohexylene is preferred, most preferably 1,4 cyclohexylene. 
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For L according to structure (viii), Y10 is preferably structure (iv), i.e. an alkylene or fluoroalkylene 

chain. 

For L according to structure (ix), Y10 is preferably cycloalkylene, such as the cyclohexylene according 

to structure (vi). 

For L according to structure (x), Y10 is preferably structure (iv) wherein each Y12 and Y13 is F, i.e. a 

perfluoroalkylene chain. 

For L according to structure (xi) or structure (xii) Y10 is preferably alkylene or cycloalkylene. Optionally 

the alkylene or cycloalkylene may be substituted with one or more vinyl groups or alkenyl ether 

groups, preferably one or more vinyl ether groups. 

When each Y9 is a bond, each Y10 may be any of structures (iv), (v) and (vi). Preferably Y10 is a 

straight chain alkylene such that the crosslinking reagent is a diene, such as a heptadiene, octadiene, 

or nonadiene, most preferably 1,7-octadiene. 

When each Y9 is 0, each Y10 is preferably a branched or straight chain C1- C6 alkylene, preferably a 

straight chain alkylene, most preferably a C4 straight chain alkylene, i.e the crosslinking reagent is 

1,4-butanediol divinyl ether 

It will be understood that each Y9 group can be combined with any other Y9 group and Y10 group to 

form the crosslinking reagent. 

The skilled person will be aware of possible substituents for each of the cyclic, branched or straight 

chain C1-Ca alkylene groups mentioned above. The alkylene groups may be substituted at one or 

more positions by a suitable chemical group. Halo substituents are preferred, with fluoro substituents 

most preferred. Each C1-Ca alkylene group may be a C1-C3, C2-C6, or C5-Ca alkylene group. 

Particularly preferred embodiments of the crosslinker have alkyl chains for Y 10 and vinyl ester or vinyl 

ether groups on either side. 

A particularly preferred cross-linking reagent is divinyl adipate. (a divinyl ester) 

Another preferred cross-linking reagent is 1,4-butanediol divinyl ether (a divinyl ether) 

For the most preferred embodiments the crosslinking reagent is selected from Divinyl Adipate (OVA), 

1,4 Butanediol divinyl ether (BOVE), 1,4 Cyclohexanedimethanol divinyl ether (CODE), 1,7 -Octadiene 

(170D), 1,2,4 -Trivinylcyclohexane (TVCH), 1,3-Divinyltetramethyldisiloxane (DVTMDS), Diallyl 1,4-

cyclohexanedicarboxylate (DCHD), 1,6-Divinylperfluorohexane (DVPFH), 1 H, 1 H,6H,6H­

Perfluorohexanediol diacrylate (PFHDA) and glyoxal bis (diallyl acetal) ( GBDA). 

For the alkyne crosslinking reagents according to compound (ii), L is preferably selected from a 

branched or straight chain C1-Ca alkylene or an ether group. L may be a C3, C4, Cs, or C6 alkylene, 
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preferably a straight chain alkylene.Chemical structures for the particularly preferred crosslinking 

reagents are set out below in Table 1: 

Divinyl Adipate (DVA) 

1,4 Butanediol divinyl ether 

(BOVE) 

1,4 Cyclohexanedimethanol 

divinyl ether (CODE) 

1,7 -Octadiene (170D) 

1,2,4 -Trivinylcyclohexane 

(TVCH) 

1,3-

Divi nyltetramethyl d isi loxane 

(DVTMDS) 

Diallyl 1,4-

cyclohexanedicarboxylate 

(DCHD) 

1,6-Divinylperfluorohexane 

(DVPFH) 

1H,1H,6H,6H­

Perfluorohexanediol 

diacrylate (PFHDA) 

GBDA 

F 

F F 

F 

0 ........ --,,::::::::.CH2 

H,C~00o~CH, 

H2C~O 
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1,6-heptadiyne HC== 

__ CH 
1, 7-heptad iyne HC=====--~ 

1,8-heptad iyne HC== '--------===CH 

Propargyl ether ==cH 

Table 1 

Monomer Compound 

The monomer compound has the following formula: 

where R1, R2 and R4 are each independently selected from hydrogen, optionally substituted branched 

or straight chain C1-Ce alkyl or halo alkyl or aryl optionally substituted by halo, and R3 is selected from: 

where each Xis independently selected from hydrogen, a halogen, optionally substituted branched or 

straight chain C1-Ce alkyl, halo alkyl or aryl optionally substituted by halo; and n1 is an integer from 1 

to 27. Preferably, n1 is from 1 to 12. Optionally n1 is from 4 to 12, optionally 6 to 8. 

In a preferred embodiment R3 is selected from: 
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or 

where m1 is an integer from Oto 13 and each X is independently selected from hydrogen, a halogen, 

optionally substituted branched or straight chain C1-Cs alkyl, halo alkyl or aryl optionally substituted by 

halo; and m2 is an integer from 2 to 14; 

In a particularly preferred embodiment the monomer is a compound of formula l(a): 

l(a) 

wherein each of R1, R2, R4, and Rs to R10 is independently selected from hydrogen or an optionally 

substituted C1-Cs branched or straight chain alkyl group; each X is independently selected from 

hydrogen or halogen; a is from 0-1 O; b is from 2 to 14; and c is O or 1; 

; or 

the monomer is a compound of formula l(b): 

l(b) 

wherein each of R1, R2, R4, and Rs to R10 is independently selected from hydrogen or an optionally 

substituted C1-Cs branched or straight chain alkyl group; each X is independently selected from 

hydrogen or halogen; a is from 0-1 O; b is from 2 to 14; and c is O or 1. 
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The halogen may be chlorine or bromine, but is preferably fluorine for compliance with RoHS 

regulations (Restriction of Hazardous Substances). 

a is from Oto 10, preferably from Oto 6, optionally 2 to 4, most preferably 0 or 1. b is from 2 to 14, 

optionally from 2 to 10, preferably 3 to 7. 

Each of R1, R2, R4, and Rs to R10 is independently selected from hydrogen or a C1-Ce branched or 

straight chain alkyl group. The alkyl group may be substituted or unsubstituted, saturated or 

unsaturated. When the alkyl group is substituted, the location or type of the substituent is not 

especially limited provided the resultant polymer provides an appropriate liquid repellent and/or barrier 

layer. The skilled person would be aware of suitable substituents. If the alkyl group is substituted, a 

preferred substituent is halo, i.e. any of R1, R2, R4, and Rs to R10 may be haloalkyl, preferably fluoro 

alkyl. Other possible substituents may be hydroxyl or amine groups. If the alkyl group is unsaturated it 

may comprise one or more alkene or alkyne groups. 

Each of R1, R2, R4, and Rs to R10 may be independently selected from hydrogen, methyl, ethyl, n­

propyl, isopropyl, n-butyl, isobutyl, tert-butyl, sec-butyl, n-pentyl, neopentyl, n-hexyl, isohexyl, and 3-

methylpentyl. 

In a preferred embodiment each of R1, R2, R4, and Rs to R10 is independently selected from hydrogen 

or methyl. 

In a preferred embodiment, a and care each independently 0 or 1; and bis from 3 to 7. 

In one preferred embodiment each X is H. In an alternative preferred embodiment each X is F. 

Optionally R1 and R2 are both hydrogen. 

Optionally R4 is hydrogen or methyl. Preferably R1 and R2 are both hydrogen and R4 is hydrogen or 

methyl. 

Optionally Rg is hydrogen and R10 is branched or straight chain C1-Ce alkyl group. In a preferred 

embodiment R10 is methyl. 

In one embodiment each of Rs to Ra is hydrogen. 

In one embodiment each of R1, R2, R4, and Rs to R10 is hydrogen, each X is H, a=0 and c=0. 

In a particularly preferred embodiment the monomer compound has the following formula: 
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where n is from 2 to 10. 

In another preferred embodiment the monomer compound has the following formula: 

where n is from 2 to 10. 

The monomer compound may be selected from 1 H, 1 H,2H,2H-perfluorohexyl acrylate (PFAC4), 

1 H, 1 H,2H,2H-perfluorooctyl acrylate (PFAC6), 1 H, 1 H,2H,2H-perfluorodecyl acrylate (PFAC8) and 

1 H, 1 H,2H,2H-perfluorododecyl acrylate (PFAC10). 

The monomer compound may be selected from 1 H, 1 H,2H,2H-pefluorohexyl methacrylate (PFMAC4), 

1 H, 1 H,2H,2H-perfluorooctyl methacrylate (PFMAC6) and 1 H, 1 H,2H,2H-perfluorodecyl methacrylate 

(PFMAC8). 

The monomer compound of formula l(a) may have the following formula: 

wherein a and care each independently 0 or 1, b =3-7 and n is 4 to 10, where n=a+b+c+1. 

The monomer ccompound of formula l(a) may have the following formula: 
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where n is 2 to 12. 

The monomer compound may be selected from ethyl hexyl acrylate, hexyl acrylate, decyl acrylate, 

lauryl dodecyl acrylate and iso decyl acrylate. 

The monomer may have the following formula: 

0 
l;I~ 

·'""1 // ~·------., 
\., ,/ \ 

.... / .'\ 

/,/-~~-"'~"~-~~\,.,., . {CH::;,)n """"'"·CMJ 

R~! R~~ 

where n is from 4 to 14. 

The monomer may have the following formula: 

0 

0---4t >---( \o-'2,n,----------·GHs 

H 

? \ 

H H 

where n is from 4 to 14. 

In an additional aspect, the present invention provides a method for treating an electronic device or 

component thereof comprising: 

exposing the electronic or electrical device or component thereof to a plasma comprising a monomer 

compound and a crosslinking reagent for a period of time sufficient to allow a protective cross-linked 

polymeric coating to form on a surface of the electronic or electrical device or component thereof; 

wherein the monomer compound has the following formula: 
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where R1, R2 and R4 are each independently selected from hydrogen, optionally substituted branched 

or straight chain C1-Ca alkyl or halo alkyl or aryl optionally substituted by halo, and R3 is selected from: 

0 

ll X 

",t',, ,, o-- --1-- --ex, 

X 
" n1 or 

where each Xis independently selected from hydrogen, optionally substituted branched or straight 

chain C1-Ca alkyl, halo alkyl or aryl optionally substituted by halo; and n1 is an integer from 1 to 27; 

and wherein the crosslinking reagent comprises two or more unsaturated bonds and has a boiling 

point of less than 500 °C at standard pressure. 

The monomer compound and the crosslinking reagent utilised in the method are described in further 

detail above. 

Typically the electronic or electrical device or component thereof is placed in a plasma deposition 

chamber, a glow discharge is ignited within said chamber, and a voltage applied as a pulsed field .. 

Preferably the applied voltage is at a power of from 30 to 800W. Optionally the voltage is pulsed in a 

sequence in which the ratio of the time on/time off is in the range of from 0.001 to 1, optionally 0.002 

to 0.5. For example, time on may be 10-500 µs, preferably 35-45 µs, or 30-40 µs, such as about 36 

µs and time off may be from 0.1 to 30 ms, preferably 0.1 to 20 ms, optionally from 5 to 15 ms, for 

example 6ms. Time on may be 35 µs, 40 µs, 45 µs. Time off may be 0.1, 1, 2, 3, 6, 8, 10, 15, 20, 25 

or 30 ms. 

The term pulsed may mean that the plasma cycles between a state of no (or substantially no) plasma 

emission (off-state) and a state where a particular amount of plasma is emitted (on-state). 

Alternatively, pulsed may mean that there is continuous emission of plasma but that the amount of 

plasma cycles between an upper limit (on-state) and lower limit (off-state). 

In a further embodiment, the invention resides in a method of forming a coating on an electronic or 

electrical device or component thereof as defined above, the method comprising: exposing said 

substrate in a chamber to a plasma comprising a monomer compound, preferably a continuous 

plasma, for a sufficient period of time to allow a protective polymeric coating to form on the substrate, 
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wherein during exposure of the substrate the continuous plasma has a power density of at least 

2W/litre, preferably 20W/litre. 

Optionally the voltage is applied as a pulsed field for a period of from 30 seconds to 90 minutes. 

Optionally the voltage is applied as a pulsed field for from 5 to 60 minutes. Optionally in a preliminary 

step, a continuous power plasma is applied to the electronic or electrical device or component thereof. 

The preliminary step may be conducted in the presence of an inert gas. 

Before the crosslinker and/or the monomer compound enter the deposition chamber each may be in 

the form of a gas, liquid or a solid (for example a powder) at room temperature. However, it is the 

preferred that the crosslinking reagent and the monomer compound are both liquid at room 

temperature, and most preferably that the monomer and crosslinker liquids are miscible. 

The monomer compound and/or the crosslinker will suitably be in a gaseous state in the plasma. The 

plasma may simply comprise a vapour of the monomer compound and the crosslinker. Such a vapour 

may be formed in-situ, with the compounds being introduced into the chamber in liquid form. The 

monomer may also be combined with a carrier gas, in particular, an inert gas such as helium or 

argon. 

In preferred embodiments, the monomer and/or the crosslinker may be delivered into the chamber by 

way of an aerosol device such as a nebuliser or the like, as described for example in 

WO2003/097245 and WO03/101621, the content of which is incorporated herein by reference. In 

such an arrangement a carrier gas may not be required, which advantageously assists in achieving 

high flow rates. 

In one embodiment the monomer compound and/or the crosslinking reagent are in gaseous form and 

are fed into the plasma at a rate of from 10-5000 mg/minute depending on chamber volume, whilst 

the pulsed voltage is applied. 

Optionally the plasma is created with an average power of from 0.001 to 40W/litre. 

The crosslinker may be miscible with the monomer and so introduced together or separately into the 

plasma chamber. Or the crosslinker may be immiscible with the monomer and introduced separately 

into the plasma chamber. In this context, the term "miscible" means that the crosslinker is soluble in 

the monomer, and when mixed they form a solution of uniform composition. The term "immiscible" is 

used to mean that the crosslinker is only partly soluble or insoluble in the monomer, and so either 

forms an emulsion or separates out into two layers. 

The crosslinking reagent is preferably present in an amount of from 10 to 60 (v/v) %, optionally 20 to 

40 (v/v) %, optionally 25 to 30 (v/v)o/o , optionally 30 to 50 (v/v)o/o of the total volume of monomer 

compound and crosslinking reagent, depending on the specific crosslinker. The skilled person would 

understand that the amount will vary to some extent depending on whether the coating is required to 
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be liquid repellent or provide a barrier to mass and electron transport. The skilled person would 

understand that the (v/v) percentages are those which give a stable crosslinked polymer coating and 

the highest water contact angle. 

Electronic or electrical device or component thereof 

Although the invention is of benefit in the context of a wide variety of substrates, the substrate may, in 

all aspects of the invention, advantageously be an electronic substrate. 

In some embodiments of the invention, the electronic substrate may comprise an electronic or 

electrical device, i.e. any piece of electrical or electronic equipment. Non-limiting examples of 

electrical and electronic devices include communications devices such as mobile phones, 

smartphones and pagers, radios, and sound and audio systems such as loudspeakers, microphones, 

ringers or buzzers, hearing aids, personal audio equipment such as personal CD, tape cassette or 

MP3 players, televisions, DVD players including portable DVD players, video recorders, digi and other 

set-top boxes such as Sky, computers and related components such as laptop, notebook, tablet, 

phablet or palmtop computers, personal digital assistants (PDAs), keyboards, or instrumentation, 

games consoles in particular hand-held playstations and the like, data storage devices, outdoor 

lighting systems or radio antenna and other forms of communication equipment. 

In preferred embodiments of the invention, the substrate may comprise or consist of an electronic 

component, e.g. a printed circuit board (PCB), a printed circuit board array (PCBA), a transistor, 

resistor, or semi-conductor chip. The electronic component may thus be an internal component of an 

electronic device, e.g. a mobile phone. The coatings of the invention are particularly valuable in 

preventing electrochemical migration in such components. 

In all aspects of the invention, the precise conditions under which the protective polymeric coating is 

formed in an effective manner will vary depending upon factors such as, without limitation, the nature 

of the monomer compound, the crosslinking reagent, the substrate, as well as the desired properties 

of the coating. These conditions can be determined using routine methods or, preferably, using the 

techniques and preferred features of the invention described herein, which work in particular synergy 

with the invention. 

The present invention will now be further described with reference to the following non-limiting 

examples and the accompanying illustrative drawings, of which: 

Figure 1 illustrates shows the effect of increasing the power to monomer flow ratio for CW plasmas in 

a 3 litre chamber in a prior art process. 

Figure 2 shows the same effect for pulsed plasma conditions. 
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Figure 3 shows a tapping mode image over 1Ox10 µm2 field of view of a specimen example 

(thickness d=1230 nm) prepared according to Example 1 (left hand side) and a contour line plot 

showing the data used for calculation of RMS roughness (right hand side). The ~Z value indicated on 

the plot has been taken over an area of the graph that represents the majority of the coating. Peaks 

that lie above the ~Z range indicate large particles and troughs that fall below the ~Z range show 

voids or pinholes in the coating. The width of the peaks also gives an indication of the particle size. 

Figure 4 illustrates the effect of adding the divinyl adipate crosslinker to perfluorooctyl acrylate on 

water contact angle from a process on a 125 Litre chamber. 

Figure 5 shows the effect of adding crosslinkers in accordance with the invention on the electrical 

resistance per nm of the coatings. 

Figure 6 shows a tapping mode image of a 90 nm thick coating, prepared as described in Example 3, 

over 2x2µm2 field of view (top left), a representative contour line indicating height variation (z-axis) of 

the coating (top right) and a phase image indicating full substrate coverage (bottom left) ;RMS 

roughness of the coating is 1.65 nm and h.z/d =0.05 

Figure 7 shows a FTIR/ATR spectrum of a coating formed according to Example 5. 

Example 1 

Example of plasma polymerising PFACG with no crosslinker in a 3 litre chamber 

PFAC6 was polymerised in a 3 litre glass chamber using a continuous plasma process. In the 

experimental matrix, the continuous plasma was produced using RF power levels of 50, 100 and 200 

Watts. The process pressure was run at 30, 60 and 90 mTorr and the monomer flow rate run at 50, 

100 and 200 microlitres of liquid per minute. The duration of the process was either 10 or 40 minutes. 

The coated substrate was silicon wafer and whether the coating was tacky or not was determined by 

wiping the substrate with a finger and determining by eye if the coating had smeared. The results in 

Figure 1 indicate that for lower CW powers, the coating could easily be smeared (i.e. tacky), but by 

increasing the power to flow ratio, the coating became resistant to smearing (i.e. non-tacky) and this 

is expected to be due to additional crosslinking caused by more monomer fragmentation. The water 

contact angle was also seen to decline with increasing power to flow ratio, and this too is indicative of 

more power increasing the level of monomer fragmentation. 

The same 3 litre chamber was used to also look at the effect of power to flow ratios with pulsed 

plasma polymerisation. In these experiments, the peak power was either 250 or 500 W. The RF 

power feed was pulsed with an on time of 35 microseconds and off times of 5.5 and 1 millisecond. 

Process pressure was either 20, 35, 60 or 80 mTorr. The monomer flow was either 50 or 200 

microlitres of liquid per minute. Figure 2 shows that low power to flow conditions can generate 

coatings that can be smeared (tacky) and only by increasing the power could the smear be reduced. 

This too had a concomitant decline in water contact angle. 
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The results from Figures 1 and 2 show that plasma processing PFAC6 on its own could only lead to 

smear -free coatings when the powers were high enough to decrease the other desirable property of 

the water contact angle This illustrates the need to add a crosslinker to prevent the coating smearing 

and maintain the water contact angle. 

Example 2 

Examples of Perfluoro Alkyl Acrylate co-polymerisation with Crosslinker to show 

improvements in electrical resistance 

Perfluorooctyl acrylate monomer was mixed with a single crosslinker from the following list: 

VINYL ESTERS: Divinyl adipate (OVA) 

VINYL ETHERS: 1,4-Butanediol divinyl ether (BOVE); 1,4 Cyclohexanedimethanol divinyl ether 

(CODE) 

DI- or TRI- VINYLS: 1,7-0ctadiene (1,7-0D); 1,2,4-Trivinylcyclohexane (TVCH); 

DI VINYL with alkyl fluoro group: 1 ,6-divinylperfluorohexane (DVPFH) 

DI VINYL with silicon group: 1,3-Divinyl tetramethyldisiloxane (DVTMDS) 

DI VINYL with cyclic ring and carboxylate groups: Diallyl 1,4-cyclohexanedicarboxylate (DCHC) 

DI ACRYLATE: 1 H1 H,6H,6H-perfluorohexanediol diacrylate (PFHDA) 

The crosslinker was mixed with the PFAC6 as a percentage by volume for the following percentages: 

20, 40 , 60 , 80, and 100%. 

Plasma initiated polymerisation reactions were carried out in a 3 litre glass plasma chamber. The 

substrates were test circuit boards. The PFAC6/crosslinker mixture was introduced at a rate of 0.04 -

0.06 ul/min and the process pressure was 40 mTorr. The process plasma consisted of a 1 minute 

continuous plasma (CW) step of SOW followed by 10 - 20 minute pulsed plasma (PW) step of SOW 

and RF power being delivered by a pulse sequence with a duty cycle of 6.9%. The coated circuit 

boards were immersed in tap water and an 8V potential was applied for 13 minutes. The final current 

readings, together with coating thickness measurements, were used to calculate the electrical 

resistance per nm of coating. Figure S below shows the effect of adding a range of crosslinkers on 

the electrical resistance per nm of the barrier coatings. Figure S clearly shows the improvement in 

resistance that can be gained by adding the crosslinker to the PFAC6 monomer. Furthermore, all of 

the crosslinkers tested gave non-smear/non-tacky coatings with concentration levels of 20% and 

above, with the exceptions of DVTMDS, DCHD, PFHDA and DVPFH which were non-smear at levels 

of 40% and above. 
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Example 3 

Example of crosslinker concentration on water repellent coating. 

Water repellent coatings were prepared in a 125 litre volume chamber using PFAC6 with different 

levels of divinyl adipate (OVA) and using helium as a carrier gas. The deposition process consisted 

of a 3 minute CW step with 300W power and a pulsed step with 150W power and an RF pulse duty 

cycle of 0.018%. Silicon wafer was used as the test substrates and the contact angle of the coated 

wafer was determined by applying a 3ul drop of deionised wafer onto the coated wafer and measuring 

the contact angle using a VGA Optima (AST products) with image analysis software. The variation of 

contact angle with (v/v)% OVA crosslinker is shown in Figure 4. It was also noted that for the 10 (v/v) 

% OVA concentration, the water drop left a mark on the coated wafer where it's circumference had 

been. This indicated that a higher level of crosslinker was required to give a more stable coating. 

This observation, in combination with the results in figure 4, suggest an optimum range of 20 - 40 

(v/v) % OVA crosslinker, though this is likely to vary, typically within the range of from 10-60 (v/v) % 

for different monomers and crosslinkers and different chamber sizes. 

Pulsed plasma polymerisation of perfluoro alkyl acrylate in the presence of divinyl adipate (OVA) was 

carried out in a 125 litre chamber. Figure 4 shows the effect of adding different liquid volume 

percentages of OVA crosslinker to perfluorooctyl acrylate on water contact angle on a silicon wafer 

substrate. 

Example 4 

Example of AFM measurement of monomer/crosslinker co-polymer coating 

A barrier-style coating was prepared in a 22 litre volume chamber using PFAC6 with 10% OVA. The 

deposition process consisted of a 1 minute CW step with a CW power to flow ratio of 3.9 

(W/microliter/min), and a pulsed step with a PW power/monomer flow ratio of 0.28 (W/microlitres/min). 

Figure 6 shows the representative topographical and phase contrast images were obtained from all 

the samples. High spatial resolution images show mainly the structures of areas between the raised 

features. The RMS roughness of the coating is 1.65 nm and the b.z/d = 0.05. As the b.z/d value is< 

0.15, then this indicates that the physical layer is substantially pinhole free. 

Example 5 

Example of FTIR/ATR measurement of monomer/crosslinker co-polymer coating 

Two barrier-style coatings were prepared in a 22 litre volume chamber using PFAC6 only and PFAC6 

with 10% OVA as described in example 4. The deposition process consisted of a 1 minute CW step 

with a CW power to flow ratio of 3.9 (W/microliter/min), and a pulsed step with a PW power/monomer 

flow ratio of 0.28 (W/microlitres/min). Figure 7 shows the representative FTIR/ATR spectrum obtained 

from both samples. 
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The FTIR/ATR intensity ratios of peaks attributed to stretching mode of CF3 and C=O groups, 

CF3/C=O, of the coating is indicative of sufficient cross linking in the coating to form a physical barrier. 

CF3 refers to the terminal groups in the side chain of PFAC6. 

Formation of the barrier coatings is believed to be caused by a mixture of cross linking and controlled 

fragmentation of the monomers during polymerisation. Cross linking is believed to be predominantly 

via the CF2-CF3 chain, whilst fragmentation is thought to be predominantly through loss of the C=O 

group during polymerisation and to a lesser extent shortening of the CF2 chain. Cross linking effects 

the abundance of -CF3 groups in the coating and controlled fragmentation controls the amount of 

C=O groups in the coating. The ratio of these two functional groups is an indication that sufficient 

cross-linking and fragmentation has taken place and can be measured by the ratio of the intensities of 

the corresponding FTIR/ATR peaks. 

It has been shown that coatings with reduced CF3 / C=O ratios give higher resistance values in the 

electrical test, as described in Example 2, showing an improved coating performance on increased 

cross linking (for CF3) and fragmentation (for C=O). If the FTIR/ATR intensity ratio of the peaks 

attributed to -CF3 stretching and C=O stretching, CF3/C=O, is less than 0.6e-0 1n (where n=6 for 

PFAC6) the resistance of the coating at the electrical test is expected to be higher than 8MOhms. 

The peak intensity ratio CF3/C=O the coating thickness and the final current readings during the 

electrical test are shown in table 2: 

Resistance in CFJC=O 

Thickness water at 8V 
ATR peak intensity 

(nm) (Ohms) ratio 

PFAC6 1480 2.1x107 0.23 

PFAC6 and 

10%DVA 

(in volume) 
1450 9.2x109 0.11 

Table 2 
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Claims: 

1. An electronic or electrical device or component thereof comprising a protective cross-linked 

polymeric coating on a surface of the electronic or electrical device or component thereof; 

wherein the protective cross-linked polymeric coating is obtainable by exposing the electronic or 

electrical device or component thereof to a plasma comprising a monomer compound and a 

crosslinking reagent for a period of time sufficient to allow formation of the protective cross-linked 

polymeric coating on a surface thereof, 

wherein the monomer compound has the following formula: 

where R1, R2 and R4 are each independently selected from hydrogen, optionally substituted branched 

or straight chain C1-Cs alkyl or halo alkyl or aryl optionally substituted by halo, and R3 is selected from: 

or 

where each Xis independently selected from hydrogen, a halogen, optionally substituted branched or 

straight chain C1-Cs alkyl, halo alkyl or aryl optionally substituted by halo; and n1 is an integer from 1 

to 27; and wherein the crosslinking reagent comprises two or more unsaturated bonds attached by 

means of one or more linker moieties and has a boiling point of less than 500 °C at standard 

pressure. 

2. An electronic or electrical device or component thereof according to claim 1, wherein the 

protective cross-linked polymeric coating is a physical barrier to mass and electron transport. 

3. An electronic or electrical device or component thereof according to claim 1 or claim 2, wherein 

the protective cross-linked polymeric coating forms a liquid repellent surface defined by a static 

water contact angle (WCA) of at least 90°. 

4. An electronic or electrical device or component thereof according to any preceding claim, 

wherein the crosslinking reagent has one of the following structures: 
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(i) 

where Y1, Y2, Y3, Y4, Ys, Ye, Y7 and Ya are each independently selected from hydrogen, optionally 

substituted cyclic, branched or straight chain C1-Ce alkyl or aryl; and L is a linker moiety. 

5. An electronic or electrical device or component thereof according to claim 4, wherein for 

compound (i) L has the following formula: 

each Yg is independently selected from, a bond, -0-, -0-C(O)-, -C(0)-0-, -Y11-0-C(O)-, -C(O)-O-Y11-, 

-OY11-, and -Y110-, where Y11 is an optionally substituted cyclic, branched or straight chain C1-Ca 

alkylene; and 

Y10 is selected from optionally substituted cyclic, branched or straight chain C1-Ca alkylene and a 

siloxane group. 

6. An electronic or electrical device or component thereof according to claim 5, wherein for 

compound (i) L has one of the following structures: 

7. An electronic or electrical device or component thereof according to claim 5, wherein for 

compound (i) L has one of the following structures: 

8. An electronic or electrical device or component thereof according to any of claims 5 to 7, 

wherein Y10 has the following formula: 
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wherein each Y12 and Y13 is independently selected from H, halo, optionally substituted cyclic, 

branched or straight chain alkyl, or -OY14, where Y14 is selected from optionally substituted branched 

or straight chain C1-Ca alkyl or alkenyl, and n is an integer from 1 to 10. 

9. An electronic or electrical device or component thereof according to claim 8, wherein each Y12 

is H and each Y13 is H. 

10. An electronic or electrical device or component thereof according to claim 8, wherein each Y12 

is fluoro and each Y13 is fluoro. 

11. An electronic or electrical device or component thereof according to any of claims 8 to 10, 

wherein n is from 4 to 6. 

12. An electronic or electrical device or component thereof according to any of claims 5 to 7, 

wherein Y10 has the following formula: 

~ ~ 

·~ ~ ~ ' 
~ """""Si ""m"" 0 ""mm• Si •·"'m"" ~ 
~ ~ ~ s 

I ~ 
Y-rn y ~£ 

Wherein each Y1s is independently selected from optionally substituted branched or straight 

chain C1-Cs alkyl. 

13. An electronic or electrical device or component thereof according to claim 12, wherein each Y1s 

is methyl, and each Yg is a bond. 

14. An electronic or electrical device or component thereof according to any of claims 5 to 7, 

wherein Y10 has the following formula: 

wherein Y16 to Y19 are each independently selected from H and optionally substituted branched or 

straight chain C1-Ca alkyl or alkenyl. 
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15. An electronic or electrical device or component thereof according to claim 14, wherein Y1a is H 

or vinylene, and Y16, Yn and Y19 are each H. 

16. An electronic or electrical device or component thereof according to any preceding claim 

wherein the crosslinking reagent is selected from Divinyl Adipate (DVA), 1,4 Butanediol divinyl 

ether (BDVE), 1,4 Cyclohexanedimethanol divinyl ether (CDDE), 1, 7 -Octadiene (170D), 1,2,4 -

Trivinylcyclohexane (TVCH), 1,3-Divinyltetramethyldisiloxane (DVTMDS), Diallyl 1,4-

cyclohexanedicarboxylate (DCHD), 1,6-Divinylperfluorohexane (DVPFH), 1H,1H,6H,6H­

Perfluorohexanediol diacrylate (PFHDA) and glyoxal bis (diallyl acetal) ( GBDA). 

17. An electronic or electrical device or component thereof according to claim 4, wherein for 

compound (ii), L is selected from a branched or straight chain C1-Ca alkylene or an ether group. 

18. An electronic or electrical device or component thereof according to any preceding claim 

wherein the monomer is a compound of formula l(a): 

l(a) 

wherein each of R1, R2, R4, and Rs to R10 is independently selected from hydrogen or an optionally 

substituted C1-C6 branched or straight chain alkyl group; each X is independently selected from 

hydrogen or halogen; a is from 0-1 O; b is from 2 to 14; and c is O or 1; 

; or 

wherein the monomer is a compound of formula l(b): 

l(b) 
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wherein each of R1, R2, R4, and Rs to R10 is independently selected from hydrogen or an optionally 

substituted C1-C6 branched or straight chain alkyl group; each X is independently selected from 

hydrogen or halogen; a is from 0-1 0; b is from 2 to 14; and c is 0 or 1. 

19. An electronic or electrical device or component thereof according to claim 18, wherein the 

halogen is fluorine. 

20. An electronic or electrical device or component thereof according to claim 18 or claim 19, 

wherein each of R1, R2, R4, and Rs to R10 is independently selected from hydrogen, methyl, 

ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, sec-butyl, n-pentyl, neopentyl, n-hexyl, 

isohexyl, and 3-methylpentyl. 

21. An electronic or electrical device or component thereof according to claim 20, wherein each of 

R1, R2, R4, and Rs to R10 is independently selected from hydrogen or methyl. 

22. An electronic or electrical device or component thereof according to any of claims 18 to 20, 

wherein a and care each independently 0 or 1; and bis from 3 to 7. 

23. An electronic or electrical device or component thereof according to any preceding claim 

wherein each X is H. 

24. An electronic or electrical device or component thereof according to any of claims 1 to 22, 

wherein each X is F. 

25. An electronic or electrical device or component thereof according to any of claims 18 to 24, 

wherein R1 and R2 are both hydrogen. 

26. An electronic or electrical device or component thereof according to any of claims 18 to 25, 

wherein R4 is hydrogen or methyl. 

27. An electronic or electrical device or component thereof according to any of claims 18 to 26, 

wherein Rg is hydrogen and R10 is branched or straight chain C1-C6 alkyl group. 

28. An electronic or electrical device or component thereof according to claim 27, wherein R10 is 

methyl. 

29. An electronic or electrical device or component thereof according to any of claims 18 to 28, 

wherein each of Rs to Ra is hydrogen. 

30. An electronic or electrical device or component thereof according to any of claims 18 to 29 

wherein each of each of R1, R2, R4, and Rs to R10 is hydrogen, each Xis H, a=0 and c=0. 

31. An electronic or electrical device or component thereof according to any of claims 24 to 30, 

wherein the compound of formula l(a) has the following formula: 

where n is from 2 to 10. 
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32. An electronic or electrical device or component thereof according to any of claims 24 to 30, 

wherein the compound of formula l(a) has the following formula: 

where n is from 2 to 10. 

33. An electronic or electrical device or component thereof according to claim 31, wherein the 

compound of formula l(a) is selected from 1 H, 1 H,2H,2H-perfluorohexyl acrylate (PFAC4), 

1 H, 1 H,2H,2H-perfluorooctyl acrylate (PFAC6), 1 H, 1 H,2H,2H-perfluorodecyl acrylate (PFAC8) 

and 1 H, 1 H ,2H ,2H-perfluorododecyl acrylate (PFAC 10). 

34. An electronic or electrical device or component thereof according to claim 32, wherein the 

compound of formula l(a) is selected from 1 H, 1 H,2H,2H-pefluorohexyl methacrylate (PFMAC4), 

1 H, 1 H,2H,2H-perfluorooctyl methacrylate (PFMAC6) and 1 H, 1 H,2H,2H-perfluorodecyl 

methacrylate (PFMAC8). 

35. An electronic or electrical device or component thereof according to any of claims 18 to 23, 

wherein the compound of formula l(a) has the following formula: 

wherein a and care each independently 0 or 1, b =3-7 and n is 4 to 10, where n=a+b+c+1. 

36. An electronic or electrical device or component thereof according to any of claims 18 to 23, 

wherein the compound of formula l(a) has the following formula: 
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where n is 2 to 12. 

37. An electronic or electrical device or component thereof according to claim 35 or claim 36, 

wherein the compound of formula l(a) is selected from ethyl hexyl acrylate, hexyl acrylate, decyl 

acrylate, lauryl dodecyl acrylate and iso decyl acrylate. 

38. An electronic or electrical device or component thereof according to any of claims 18 to 23, 

wherein the monomer is a compound of formula l(b) and has the following formula: 

where n is from 4 to 14, optionally where R1, R2 and R3 are each H. 

39. An electronic or electrical device or component thereof according to any of the preceding 

claims, wherein the electronic or electrical device or component thereof is selected from mobile 

phones, smartphones, pagers, radios, sound and audio systems such as loudspeakers, 

microphones, ringers and/or buzzers, hearing aids, personal audio equipment such as personal 

CD, tape cassette or MP3 players, televisions, DVD players including portable DVD players, 

video recorders, digi and other set-top boxes, computers and related components such as 

laptop, notebook, tablet, phablet or palmtop computers, personal digital assistants (PDAs), 

keyboards, or instrumentation, games consoles, data storage devices, outdoor lighting 

systems, radio antennae and other forms of communication equipment, and printed circuit 

boards. 

40. A method for treating an electronic or electrical device or component thereof comprising: 

exposing the electronic or electrical device or component thereof to a plasma 

comprising a monomer compound and a crosslinking reagent for a period of time sufficient to allow a 

protective cross-linked polymeric coating to form on a surface of the electronic or electrical device or 

component thereof; 

wherein the monomer compound has the following formula: 
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where R1, R2 and R4 are each independently selected from hydrogen, optionally substituted branched 

or straight chain C1-C6 alkyl or halo alkyl or aryl optionally substituted by halo, and R3 is selected from: 

0 

l
. l w .X ., 

• .,. .,.------✓ - ·,.,"'· I . . . . 
~ C.) """ "' C ---- '"" r x .. , 
\.. '· -~ -...J_ .;;,) 

X 
" 11-j 

or 

where each X is independently selected from hydrogen, optionally substituted branched or straight 

chain C1-C6 alkyl, halo alkyl or aryl optionally substituted by halo; and n1 is an integer from 1 to 27; 

and wherein the crosslinking reagent comprises two or more unsaturated bonds attached by means of 

one or more linker moieties and has a boiling point at standard pressure of less than S00°C. 

41. A method according to claim 40, wherein the crosslinking reagent has one of the following 

structures: 

(i) 

where Y1, Y2, Y3, Y4, Ys, Y6, Y1 and Ya are each independently selected from hydrogen, optionally 

substituted cyclic, branched or straight chain C1-C6 alkyl or aryl; and L is a linker moiety. 

42. A method according to claim 41, wherein for compound (i) L has the following formula: 

'-}_;;,--·..-•'····· Y~1 , . ..., __ y ~" _____ ,.Y·,/ ,-,,-..._:s/ 
~ ,o f 

each Yg is independently selected from, a bond, -0-, -O-C(O)-, -C(O)-O-, -Y11-O-C(O)-, -C(O)-O-Y11-, 

-OY11-, and -Y11O-, where Y11 is an optionally substituted cyclic, branched or straight chain C1-Ca 

alkylene; and 

Y10 is selected from optionally substituted cyclic, branched or straight chain C1-Ca alkylene and a 

siloxane group. 

43. A method according to claim 42, wherein for compound (i) L has one of the following structures: 

,Q 0 
.,_. \~, ~ 

~ ""'"' f'.~l . ':?---- . ~ " ,) '"··f 
\ y ·' 0 ___ , .. -· -:::;;-~- 0 
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44. A method according to claim 42, wherein for compound (i) L has one of the following structures: 

45. An method according to any of claims 42 to 44, wherein Y10 has the following formula: 

Yu, 

wherein each Y12 and Y13 is independently selected from H, halo, optionally substituted cyclic, 

branched or straight chain alkyl, or -OY14, where Y14 is selected from optionally substituted branched 

or straight chain C1-Ca alkyl or alkenyl, and n is an integer from 1 to 10. 

46. A method according to claim 45, wherein each Y12 is H and each Y13 is H. 

47. A method according to claim 45, wherein each Y12 is fluoro and each Y13 is fluoro. 

48. A method according to any of claims 45 to 47, wherein n is from 4 to 6. 

49. A method according to any of claims 42 to 44, wherein Y10 has the following formula: 

Wherein each Y1s is independently selected from optionally substituted branched or straight 

chain C1-Cs alkyl. 

50. A method according to claim 49, wherein each Y1s is methyl, and each Yg is a bond. 

51. A method according to any of claims 42 to 44, wherein Y10 has the following formula: 
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wherein Y16 to Y19 are each independently selected from H and optionally substituted branched or 

straight chain C1-Ca alkyl or alkenyl. 

52. An method according to claim 51, wherein Y1a is vinylene or H, and Y16, Y17 and Y19 are each 

H. 

53. A method according to any of claims 40 to 52, wherein the crosslinking reagent is selected from 

Divinyl Adipate (DVA), 1,4 Butanediol divinyl ether (BOVE), 1,4 Cyclohexanedimethanol divinyl 

ether (CODE), 1,7 -Octadiene (170D), 1,2,4 -Trivinylcyclohexane (TVCH), 1,3-

Divinyltetramethyldisiloxane (DVTMDS), Diallyl 1,4-cyclohexanedicarboxylate (DCHD), 1,6-

Divinylperfluorohexane (DVPFH), 1H,1H,6H,6H-Perfluorohexanediol diacrylate (PFHDA) and 

glyoxal bis (diallyl acetal) ( GBDA). 

54. A method according to claim 41, wherein for compound (ii), L is selected from a branched or 

straight chain C1-Ca alkylene or an ether group. 

55. A method according to any of claims 40 to 54 wherein the monomer is a compound of formula 

l(a): 

l(a) 

wherein each of R1, R2, R4, and Rs to R10 is independently selected from hydrogen or an optionally 

substituted C1-Ca branched or straight chain alkyl group; each X is independently selected from 

hydrogen or halogen; a is from 0-1 0; b is from 2 to 14; and c is 0 or 1; 

; or 

wherein the monomer is a compound of formula l(b): 

l(b) 
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wherein each of R1, R2, R4, and Rs to R10 is independently selected from hydrogen or an optionally 

substituted C1-C6 branched or straight chain alkyl group; each X is independently selected from 

hydrogen or halogen; a is from 0-1 0; b is from 2 to 14; and c is 0 or 1. 

56. A method according to claim 55, wherein the halogen is fluorine. 

57. A method according to claim 55 or claim 56, wherein each of R1, R2, R4, and Rs to R10 is 

independently selected from hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert­

butyl, sec-butyl, n-pentyl, neopentyl, n-hexyl, isohexyl, and 3-methylpentyl. 

58. A method according to claim 57, wherein each of R1, R2, R4, and Rs to R10 is independently 

selected from hydrogen or methyl. 

59. A method according to any of claims 55 to 58, wherein a and care each independently 0 or 1; 

and bis from 3 to 7. 

60. A method according to any preceding claim wherein each X is H. 

61. A method according to any of claims 41 to 59, wherein each Xis F. 

62. A method according to any of claims 41 to 61, wherein R1 and R2 are both hydrogen. 

63. A method according to any of claims 41 to 62, wherein R4 is hydrogen or methyl. 

64. A method according to any of claims 41 to 63, wherein Rg is hydrogen and R10 is branched or 

straight chain C1-C6 alkyl group. 

65. A method according to claim 64, wherein R10 is methyl. 

66. A method to any of claims 41 to 65, wherein each of Rs to Ra is hydrogen. 

67. A method according to any of claims 41 to 66 wherein each of each of R1, R2, R4, and Rs to R10 

is hydrogen, each X is H, a=0 and c=0. 

68. A method according to any of claims 61 to 67, wherein the compound of formula l(a) has the 

following formula: 

where n is from 2 to 10. 

69. A method according to any of claims 61 to 67, wherein the compound of formula l(a) has the 

following formula: 
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where n is from 2 to 10. 

70. A method according to claim 68, wherein the compound of formula l(a) is selected from 

1 H, 1 H,2H,2H-perfluorohexyl acrylate (PFAC4), 1 H, 1 H,2H,2H-perfluorooctyl acrylate (PFAC6), 

1 H, 1 H,2H,2H-perfluorodecyl acrylate (PFAC8) and 1 H, 1 H,2H,2H-perfluorododecyl acrylate 

(PFAC10). 

71. A method according to claim 69, wherein the compound of formula l(a) is selected from 

1 H, 1 H,2H,2H-pefluorohexyl methacrylate (PFMAC4), 1 H, 1 H,2H,2H-perfluorooctyl methacrylate 

(PFMAC6) and 1 H, 1 H,2H,2H-perfluorodecyl methacrylate (PFMAC8). 

72. A method according to any of claims 41 to 61, wherein the compound of formula l(a) has the 

following formula: 

wherein a and care each independently 0 or 1, b =3-7 and n is 4 to 10, where n=a+b+c+1. 

73. A method according to any of claims 41 to 61, wherein the compound of formula l(a) has the 

following formula: 

where n is 2 to 12. 
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74. A method according to claim 72 or claim 73, wherein the compound of formula l(a) is selected 

from ethyl hexyl acrylate, hexyl acrylate, decyl acrylate, lauryl dodecyl acrylate and iso decyl 

acrylate. 

75. A method according to any of claims 41 to 60, wherein the monomer is a compound of formula 

l(b) and has the following formula: 

where n is from 4 to 14. 

76. A method according to claim 75 wherein the monomer is a compound of formula l(b) and has 

the following formula: 

where n is from 4 to 14. 

77. A method according to any of claims 40 to 76 wherein the electronic or electrical device or 

component thereof is placed in a plasma deposition chamber, a glow discharge is ignited within 

said chamber, and a voltage applied as a pulsed field. 

78. A method according to claim 77 wherein applied voltage is at a power of from 40 to 500W. 

79. A method according to claim 77 or claim 78 wherein the voltage is pulsed in a sequence in 

which the ratio of the time on : time off is in the range of from 1 :500 to 1 :1500. 

80. A method according to any of claims 77 to 79 wherein the voltage is pulsed in a sequence 

where power is on for 20-50µs, and off for from 1 000µs to 30000µs. 

81. A method according to any of claims 77 to 80 wherein the voltage is applied as a pulsed field 

for a period of from 30 seconds to 90 minutes. 

82. A method according to claim 81 wherein the voltage is applied as a pulsed field for from 5 to 60 

minutes. 

83. A method according to any one of claims 77 to 82, wherein in a preliminary step, a continuous 

power plasma is applied to the electronic or electrical device or component thereof. 
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84. A method according to claim 83, wherein the preliminary step is conducted in the presence of 

an inert gas. 

85. A method according to any one of claims 77 to 84, wherein the monomer compound and/or the 

crosslinking reagent in gaseous form is fed into the plasma at a rate of from 80-300 mg/minute, 

whilst the pulsed voltage is applied. 

86. A method according to any one of claims 77 to 85, wherein the plasma is created with a voltage 

at an average power of from 0.001 to 500w/m3
. 

87. A method according to any of claims 40 to 86, wherein the monomer compound is miscible with 

the crosslinking reagent. 

88. A method according to any of claims 40 to 86, wherein the monomer compound is immiscible 

with the crosslinking reagent. 

89. A method according to claim 87, wherein the step of exposing the electronic or electrical device 

or component thereof to a plasma occurs in a plasma chamber; and the monomer compound 

and crosslinking reagent are mixed prior to entering the chamber. 

90. A method according to claim 87 or claim 88 wherein the step of exposing the electronic or 

electrical device or component thereof to a plasma occurs in a plasma chamber; and the 

monomer compound and crosslinking reagent are introduced separately into the chamber. 

91. A method according to any of claims 40 to 90, wherein the crosslinking reagent is present in an 

amount of from 10 to 60 (v/v) % of the total volume of monomer compound and crosslinking 

reagent. 
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Abstract 

The present invention provides an electronic or electrical device or component thereof comprising a 

cross-linked polymeric coating on a surface of the electronic or electrical device or component 

thereof; wherein the cross-linked polymeric coating is obtainable by exposing the electronic or 

electrical device or component thereof to a plasma comprising a monomer compound and a 

crosslinking reagent for a period of time sufficient to allow formation of the cross-linked polymeric 

coating on a surface thereof, 

wherein the monomer compound has the following formula: 

where R1, R2 and R4 are each independently selected from hydrogen, optionally substituted branched 

or straight chain C1-C6 alkyl or halo alkyl or aryl optionally substituted by halo, and R3 is selected from: 

0 ll w X ' 

''\',/ - "~o----- --- f-- ----- ex, 

X 
"n1 or 

where each X is independently selected from hydrogen, a halogen, optionally substituted branched or 

straight chain C1-C6 alkyl, halo alkyl or aryl optionally substituted by halo; and n1 is an integer from 1 

to 27; and wherein the crosslinking reagent comprises two or more unsaturated bonds attached by 

means of one or more linker moieties and has a boiling point at standard pressure of less than S00°C. 
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Information: 

30573 

4 Fee Worksheet (5B06) fee-info.pdf no 2 
63f6887f3ce3 7 e3 24 7 d3 a6e 70d7 b0e44600 

7f731 

Warnings: 

Information: 

Total Files Size (in bytes) 1954212 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 

Ex. 1028 - Favored - p. 233



PATENT 

In The United States Patent And Trademark Office 
Inventor: Stephen Richard COULSON 

Serial No. 15/735,130 

International Filing Date: June 8, 2016 

International App. No. PCT/GB2016/051688 

371(c): 

For: 

December 8, 2017 

COATINGS 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

Examiner: To Be Assigned 

Group Art Unit: 1762 

Confirmation No. 7101 

Docket No. GBL0007/US 

I CERTIFY THAT ON 06/15/2018, THIS CORRESPONDENCE IS 

BEING ELECTRONICALLY TR1\NSMIITED TO THE CNITED ST ATES 

PA TENT AND TRADEMARK OFFICE VLA THE OFFICE'S EFS-\VEB 

/Sonja A. Talley I 
SONJA A. TALLEY 

RESPONSE TO NOTIFICATION OF INSUFFICIENCY UNDER 37 CFR 1.492 and/or 

1.495 (DO/EO/US) 

Dear Sir or Madam: 

This communication is responsive to the Notification oflnsufficiency under 37 CFR 

1.492 and/or 1.495 (DO/EO/US), which was mailed on March 16, 2018 in the above captioned 

application. 

The two-month shortened-statutory period for response expired on May 16, 2018. 

Applicant respectfully petitions the Commissioner for Patents to extend the time for response for 

one month, from May 16, 2018 to June 16, 2018. It is respectfully submitted that this response is 

timely filed within the extended deadline. If any additional extension period is required in order 

for this paper to be timely filed, Applicant hereby requests an extension for such additional time 

period and authorizes the appropriate fees therefore to be charged to the Kagan Binder Deposit 

Account No. 50-1775 and to notify us of the same. 

Payment in the amount of $200.00 for a one-month extension of time is being provided 

by the electronic payment system of the EFS. In the event of failure of this payment by the 

electronic payment system of the EFS for any reason, the Commissioner is authorized to charge 

Kagan Binder Deposit Account No. 50-1775 and thereafter is requested to notify us of the same. 
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Docket No. GBL0007 /US 
Page 2 

Remarks 

According to the Notification, fees are due for multiple dependent claims and 70 total 

claims over 20. 

Enclosed herewith is a Preliminary Amendment canceling claims so that the pending 

claims include one independent claim and 19 total claims. The claims are also amended to 

remove multiple dependencies. 

Accordingly, no additional claims fees are due. 

Date: June 15, 2018 

#119890 

Respectfully Submitted, 

By: /Paul J. Parins/ 

Paul J. Parins, Reg. No. 54,358 
Customer Number 33072 
Phone: 651-275-9831 
Fax: 651-351-2954 
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APPLICATION NUMBER FILING OR 3 71 (C) DATE 

15/735,130 12/08/2017 

33072 
KAGAN BINDER, PLLC 
SUITE 200, MAPLE ISLAND BUILDING 
221 MAIN STREET NORTH 
STILLWATER, MN 55082 

Title :COA Tl NGS 

Publication No.US-2018-0171171-A 1 
Publication Date:06/21 /2018 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Stephen Richard COULSON GBL0007/US 
CONFIRMATION NO. 7101 

PUBLICATION NOTICE 

11111111111111111 lllll ll]~!l]!~l!~IU!~l!ll!~Hll lllll lllll lllll llll llll 

NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
CFR 1.211, et seq. The patent application publication number and publication date are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases via the 
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set 
forth in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's 
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800) 
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office, 
Public Records Division, Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions and 
the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through 
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application 
Information and Retrieval (PAIR) system. The direct link to access this status information is currently 
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only 
be obtained by applicant using the private side of PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent 
Electronic Business Center at 1-866-217-9197. 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 

page 1 of 1 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 15/735, 130 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 300 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 520 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 760 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 18 
(37 CFR 1.16(i)) 

minus 20= OR X 100 = 0.00 

INDEPENDENT CLAIMS 1 minus 3 = X 460 = 0.00 
(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1580 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR 
~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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APPLICATION 
NUMBER 

15/735,130 

33072 

FILING or 
37l(c)DATE 

12/08/2017 

KAGAN BINDER, PLLC 

GRPART 

UNIT 

1762 

SUITE 200, MAPLE ISLAND BUILDING 
221 MAIN STREET NORTH 
STILLWATER, MN 55082 

FIL FEE REC'D 

1620 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

GBL0007/US 18 1 
CONFIRMATION NO. 7101 

UPDATED FILING RECEIPT 

1111111111111111111111 m~mll!IIIH~!II IIIII IIIII 1111111111111 

Date Mailed: 07/03/2018 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 

Applicant( s) 

Stephen Richard COULSON, Abingdon, UNITED KINGDOM; 
Delwyn EVANS, Abingdon, UNITED KINGDOM; 
Angeliki SIOKOU, Abingdon, UNITED KINGDOM; 
Clive TELFORD, Abingdon, UNITED KINGDOM; 

P2i Ltd, Abingdon, UNITED KINGDOM 

Power of Attorney: The patent practitioners associated with Customer Number 33072 

Domestic Priority data as claimed by applicant 
This application is a 371 of PCT/GB2016/051688 06/08/2016 

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the 
USPTO. Please see http://www.uspto.gov for more information.) 
EUROPEAN PATENT OFFICE (EPO) 15386017.6 06/09/2015 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 03/14/2018 

page 1 of 3 
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 15/735,130 

Projected Publication Date: Not Applicable 

Non-Publication Request: No 

Early Publication Request: No 
Title 

COATINGS 

Preliminary Class 

526 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 

page 2 of 3 
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LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

GRANTED 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 

page 3 of 3 
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U.S. APPLICATION NUMBER NO. FIRST NAMED INVENTOR 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY. DOCKET NO. 

15/735,130 

33072 

Stephen Richard COULSON GBL0007/US 

KAGAN BINDER, PLLC 
SUITE 200, MAPLE ISLAND BUILDING 
221 MAIN STREET NORTH 
STILLWATER, MN 55082 

Date Mailed: 07/03/2018 

~I --INT-ERN-A-TI-ON_AL_AP-PL-IC-AT-ION_N_O.--

PCT/GB2016/051688 
LA FILING DATE PRIORITY DATE 

06/08/2016 06/09/2015 

CONFIRMATION NO. 7101 
371 ACCEPTANCE LETTER 

11111111111111111111111111111111111111111111111 lllill~!lj~~~~~l~l!l(IJ~~~j~ 

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495 

The applicant is hereby advised that the United States Patent and Trademark Office, in its capacity as a 
Designated/ Elected Office (37 CFR 1.495), has ACCEPTED the above identified international application for 
national patentability examination in the United States Patent and Trademark Office. 

The United States Application Number assigned to the application is shown above. A Filing Receipt will be 
issued for the present application in due course. THE DATE APPEARING ON THE FILING RECEIPT AS THE 
"FILING DATE or 371(c) DATE" IS THE DATE ON WHICH THE LAST OF THE 35 U.S.C. 371 (c)(1) and (c)(2) 
REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE IS SHOWN BELOW. The filing date of 
the above identified application is the international filing date of the international application (Article 11 (3) and 35 
U.S.C. 363) 

12/08/2017 
DATE OF RECEIPT OF 35 U.S.C. 

371 (c)(1) and (c)(2) REQUIREMENTS 

The following items have been received: 

• Copy of the International Application filed on 12/08/2017 
• Copy of the International Search Report filed on 12/08/2017 
• Preliminary Amendments filed on 06/15/2018 
• Information Disclosure Statements filed on 12/08/2017 
• Request for Immediate Examination filed on 12/08/2017 
• U.S. Basic National Fees filed on 12/08/2017 
• Authorize Access to Search Results filed on 12/08/2017 
• Priority Documents filed on 12/08/2017 
• Power of Attorney filed on 12/08/2017 
• Authorization to Permit Access filed on 12/08/2017 
• Application Data Sheet (37 CFR 1. 76) filed on 12/08/2017 

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.495(c). 

page 1 of 2 
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• Properly executed inventor's oath or declaration for the following inventor(s) has not been submitted: Stephen 
Richard COULSON, Delwyn EVANS, Angeliki SIOKOU, and Clive TELFORD 

Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed 
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5) 

MAMYE I WAGSTAFF 

Telephone: (571) 272-1057 

page 2 of 2 
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APPLICATION NO. FILING DATE 

15/735, 130 12/08/2017 

33072 7590 10/18/2018 

KAGAN BINDER, PLLC 
SUITE 200, MAPLE ISLAND BUILDING 
221 MAIN STREET NORTH 
STILLWATER, MN 55082 

FIRST NAMED INVENTOR 

Stephen Richard COULSON 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

GBL0007/US 

CONFIRMATION NO. 

7101 

EXAMINER 

BUIE-HATCHER, NICOLE M 

ART UNIT PAPER NUMBER 

1767 

NOTIFICATION DATE DELIVERY MODE 

10/18/2018 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

docketing@kaganbinder.com 

PTOL-90A (Rev. 04/07) 
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Application No. 
15/735, 130 

Applicant(s) 
COULSON et al. 

Office Action Summary Examiner 
NICOLE M BUIE-HATCHER 

Art Unit 
1767 

AIA Status 
Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING -DATE OF THIS COMMUNICATION. 
Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )~ Responsive to communication(s) filed on 06/15/2018. 
0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on . 

2a)O This action is FINAL. 2b) ~ This action is non-final. 
3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 
4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5) ~ Claim(s) 1-3,5-16 and 31-34 is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 

6) O Claim(s) __ is/are allowed. 

7) ~ Claim(s) 1-3,5-16 and 31-34 is/are rejected. 

8) ~ Claim(s) 6-7,12-13 and 16 is/are objected to. 

9) O Claim(s) __ are subject to restriction and/or election requirement 
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http://www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

Application Papers 
1 O)~ The specification is objected to by the Examiner. 

11 )~ The drawing(s) filed on 06/15/2018 is/are: a)O accepted or b)~ objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
12)~ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

b)O Some** c)O None of the: a)~ All 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.~ Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

** See the attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) ~ Notice of References Cited (PTO-892) 

2) ~ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date 20171208. 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 11-13) Office Action Summary 

3) O Interview Summary (PTO-413) 

Paper No(s)/Mail Date __ . 

4) O Other: __ . 

Part of Paper No./Mail Date 20181012 
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Application/Control Number: 15/735,130 
Art Unit: 1767 

DETAILED ACTION 

Notice of Pre-AJA or AJA Status 

Page 2 

The present application, filed on or after March 16, 2013, is being examined under the 

first inventor to file provisions of the AIA. 

Response to Amendment 

The amendment filed 06/15/2018 has been entered. Claims 1-3, 5-16, and 31-34 are 

pending. 

Specification 

The disclosure is objected to because of the following informalities: on page 1, it is 

unknown what is the co-pending application. 

The Brief Description of Drawings section is missing from the original specification. 

Appropriate correction is required. 

Drawings 

The drawings are objected to because view numbers must be preceded by the 

abbreviation "Fig.". Corrected drawing sheets in compliance with 37 CFR l.12l(d) are required 

in reply to the Office action to avoid abandonment of the application. Any amended replacement 

drawing sheet should include all of the figures appearing on the immediate prior version of the 

sheet, even if only one figure is being amended. The figure or figure number of an amended 

drawing should not be labeled as "amended." If a drawing figure is to be canceled, the 
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remaining figures must be renumbered and appropriate changes made to the brief description of 

the several views of the drawings for consistency. Additional replacement sheets may be 

necessary to show the renumbering of the remaining figures. Each drawing sheet submitted after 

the filing date of an application must be labeled in the top margin as either "Replacement Sheet" 

or "New Sheet" pursuant to 37 CFR l.12l(d). If the changes are not accepted by the examiner, 

the applicant will be notified and informed of any required corrective action in the next Office 

action. The objection to the drawings will not be held in abeyance. 

Claim Objections 

Claims 6 and 7 are objected to because of the following informalities: both claims 6 and 

7 do not end with periods. Appropriate correction is required. 

Claims 12 and 13 are objected to because of the following informalities: the word 

"Wherein" should be lowercase in claim 12. Appropriate correction is required. 

Claim 16 objected to because of the following informalities: the capital names used for 

the names of the compounds should be lowercase. The abbreviations are appropriate. 

Appropriate correction is required. 

Claim Rejections - 35 USC§ 112 

The following is a quotation of 35 U.S.C. 112(b): 
(b) CONCLUSION.-The specification shall conclude with one or more claims particularly pointing 
out and distinctly claiming the subject matter which the inventor or a joint inventor regards as the 
invention. 

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph: 
The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 
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Claims 1-3, 5-16, and 31-34 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre­

AIA), second paragraph, as being indefinite for failing to particularly point out and distinctly 

claim the subject matter which the inventor or a joint inventor, or for pre-AIA the applicant 

regards as the invention. 

Regarding claim 1, the instant claim recites, "wherein the protective cross-linked 

polymeric coating is obtainable by ... "on line 5. It is unknown by what other methods may 

produce the protective cross-linked polymeric coating. 

Regarding claim 1, it is unknown how the following structure 

K- R~ \: ' 
\,.~~~~~:-.:// 

relates to the instant claimed limitations. 

Claim Rejections - 35 USC§ 103 

The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness 

rejections set forth in this Office action: 

A patent for a claimed invention may not be obtained, notwithstanding that the claimed invention is not 
identically disclosed as set forth in section 102, if the differences between the claimed invention and the 
prior art are such that the claimed invention as a whole would have been obvious before the effective 
filing date of the claimed invention to a person having ordinary skill in the art to which the claimed 
invention pertains. Patentability shall not be negated by the manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 

(1966), that are applied for establishing a background for determining obviousness under 35 

U.S.C. 103 are summarized as follows: 

1. Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 
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4. Considering objective evidence present in the application indicating obviousness or 

nonobviousness. 

This application currently names joint inventors. In considering patentability of the 

claims, the examiner presumes that the subject matter of the various claims was commonly 

owned as of the effective filing date of the claimed invention(s) absent any evidence to the 

contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out the inventor and 

effective filing dates of each claim that was not commonly owned as of the effective filing date 

of the later invention in order for the examiner to consider the applicability of 35 U.S.C. 

102(b)(2)(C) for any potential 35 U.S.C. 102(a)(2) prior art against the later invention. 

Claims 1-3, 5-6, 8-11, 16, and 31-34 are rejected under 35 U.S.C. 103 as being 

unpatentable over Coulson (WO 2007 /083122 Al, referred to hereinafter as WO '122) in view of 

Coulson (US 2010/0203347 Al, referred to hereinafter as US '347). 

Regarding claims 1, 5-6, 8-10, 16, and 31-34, Coulson (WO '122) discloses an 

electronic or electrical device with a polymeric coating formed by exposing the device to pulsed 

plasma (P3/L20-CP4/3). The monomer used to formed the polymer includes a compound is of 

formula (IV): 

{IV) 

where R7 is includes Hor C1 alkyl, and in particular Hand xis an integer of from 1 to 9 

(Pl2/L14-22). 

However, Coulson (WO '122) does not disclose the crosslinking reagent of the instant 

claims. Coulson (US '347) teaches a polymeric coating formed by exposing an item to plasma 
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comprising one or more organic monomeric compounds, at least one of which comprises two 

carbon-carbon double bonds (crosslinking reagents) [0029]. The crosslinking reagents include 

where Z is perfluoroalkyl group or optionally substituted alkyl groups, wherein the ester group is 

not required [0030-0031]. The compounds also include the following compound: 

wherein each R14 and R15 is independently selected from hydrogen, alkyl or haloalkyl [0032, 

0035]. One of the crosslinking reagents is of the following formula: 

Since the crosslinking reagent meets the claimed limitations of the formula as recited in 

claim 5, it would be expected that the crosslinking reagent has a boiling point of less than 500°C, 

absent objective evidence to the contrary. The comonomers may include fluoro (meth)acrylates 

[0028]. Coulson (WO' 122) and Coulson (US '347) are analogous art concerned with the same 

field of endeavor, namely plasma formed coatings. It would have been obvious to one of 

ordinary skill in the art before the effective filing date of the claimed invention to add the 

compound have two carbon-carbon double bonds per the teachings of Coulson (US '34 7), and 

the motivation to do so would have been as Coulson (US '347 suggests such polymeric layers are 

useful on the surface [0029]. The coatings have a high degree of liquid-proofing protection 

[0011]. Since the coating has a high degree of liquid-proofing protection, it would be expected 

that the protective cross-linked polymer coating forms a liquid repellent surface defined by a 
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static water contact angle (WCA) of at 90° or may be adjusted to achieve this static water contact 

angle. Due to two carbon-carbon double bounds, crosslinking would result, and the resulting 

coating is tougher and less flexible. In regards to the length of the carbon chain in the alkyl 

group for Y10
, an obviousness rejection based on similarity in chemical structure and function 

entails the motivation of one skilled in the art to make a claimed compound in the expectation 

that compounds similar in structure will have similar properties. In re Payne, 606 F. 2d 303, 

313,203 USPQ 245,254 (CCPA 979). See In re Papesch, 315.2d 381, 137 USPQ 43 (CCPA 

1963) and In re Dillon, 919 F.2d 688, 16 USPQ2d 1897 (Fed. Cir. 1991). See MPEP 2144.09. 

Regarding claim 2, Coulson (WO '122) does not disclose the protective cross-linked 

polymeric coating is a physical barrier to mass and electron transport. The Office realizes that 

all of the claimed effects or physical properties are not positively stated by the 

reference(s). However, the reference(s) teaches all of the claimed ingredients, claimed amounts, 

and substantially similar process of making. Therefore, the claimed effects and physical 

properties, i.e. the protective cross-linked polymeric coating is a physical barrier to mass and 

electron transport would implicitly be achieved by a composition with all the claimed 

ingredients, claimed amounts, and substantially similar process of making. See MPEP § 

2112.01. If it is the applicant's position that this would not be the case: (1) evidence would need 

to be provided to support the applicant's position; and (2) it would be the Office's position that 

the application contains inadequate disclosure that there is no teaching as to how to obtain the 

claimed properties with only the claimed ingredients, claimed amounts, and substantially similar 

process of making. 

Regarding claim 11, Coulson (US '347) teaches the formula of (V) wherein n is I to 10 

[0032]. Therefore, similar results would be expected when n is 4 to 6. An obviousness rejection 
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based on similarity in chemical structure and function entails the motivation of one skilled in the 

art to make a claimed compound in the expectation that compounds similar in structure will have 

similar properties. In re Payne, 606 F. 2d 303,313,203 USPQ 245,254 (CCPA 979). See In re 

Papesch, 315.2d 381, 137 USPQ 43 (CCPA 1963) and In re Dillon, 919 F.2d 688, 16 USPQ2d 

1897 (Fed. Cir. 1991). See MPEP 2144.09. 

Allowable Subject Matter 

Claims 7 and 12-15 would be allowable ifrewritten to overcome the rejection(s) under 

35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), 2nd paragraph, set forth in this Office action and 

to include all of the limitations of the base claim and any intervening claims. 

The following is a statement of reasons for the indication of allowable subject matter: the 

closest prior art of record, Coulson (WO '122) does not teach or suggest each L has one of the 

structures as recited in claim 7, wherein Y10 meets the formula as recited in claim 12, wherein 

each Y 15 is methyl and each Y 9 is a bond, or Y10 has the formula as recited in claim 14. 

Prior Art 

The prior art made of record and not relied upon is considered pertinent to applicant's 

disclosure. Badyal et al. (US RE43,651 E) teaches a method of coating a surface with a polymer 

layer. 

York et al. (WO 2004/065684 A2) teaches fibrous products. 

Legein et al. (US 2016/0284518 Al) teaches low pressure plasma processes. 

Petersen et al. (US 2014/0342103 Al) teaches atmospheric plasma polymerization. 

Badyal et al. (EP 1557489 Al) teaches surface coatings. 
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Sanyal et al. (US 2010/0021998 Al) teaches plasma polymerization. 
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Rauschnabel et al. (US 6,613,393 Bl) teaches a method for applying wear protection 

layers. 

Bongiovanni et al. "High performance UV-cured coatings for wood protection", Progress 

in Organic Coatings, 2002, 45, 359-363. 

Morita et al. (WO 2006/129800 Al) teaches a finishing agent for photo lithography. 

Correspondence 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to NICOLE M. BUIE-HATCHER whose telephone number is 

(571)270-3879. The examiner can normally be reached on M-F, 8 am - 4:30 pm. 

Examiner interviews are available via telephone, in-person, and video conferencing using 

a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is 

encouraged to use the USPTO Automated Interview Request (AIR) at 

http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Mark Eashoo can be reached on ( 571 )272-1197. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 
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system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/NICOLE M. BUIE-HATCHER/ 
Primary Examiner, Art Unit 1767 
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( Not for submission under 37 CFR 1.99) 

I Examiner Name 

Attorney Docket Number GBL0007/US 

U.S.PATENTS 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Patent citation information please click the Add button. 

U.S.PATENT APPLICATION PUBLICATIONS 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Published Application citation information please click the Add button. 

FOREIGN PATENT DOCUMENTS 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant TS 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

~1 98/58117 WO A1 1998-12-23 
THE SECRETARY OF • liN.M.B. ST ATE FOR DEFENCE 

11N.M.B., II SURFACE • 2 2003/097245 WO A2 2003-11-27 
INNOVATIONS LIMITED 

VN.M.B. lt3 03/101621 WO A2 2003-12-11 
SURFACE • INNOVATIONS LIMITED 
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Receipt date: 12/08/2017 15/735,130 - GAU: 1767 

Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor / Stephen Richard COULSON 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number GBL0007/US 

/N.M.B. 14 2007 /083122 WO A1 2007-07-26 P2I LTD • 

1N.M.B. v5 0834352 EP A1 1998-04-08 CIBA-GEIGY AG • 

1N.M.B. v5 2014/155099 WO A1 2014-10-02 SEMBLANT LTD • 

1N.M.B./ 7 2015/128627 WO A1 2015-09-03 P2I LTD • 

1N.M.B./ 8 2016/198855 WO A1 2016-12-15 P2I LTD • 

,
11N.M.B.1 9 2016/198856 WO A1 2016-12-15 P2I LTD • 
If you wish to add additional Foreign Patent Document citation information please click the Add button 

NON-PATENT LITERATURE DOCUMENTS 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

I [N.M.B./ 1 International Search Report and Written Opinion for International Application No. PCT/GB2016/051688, mailed • November 8, 2016 (9 pages) 

If you wish to add additional non-patent literature document citation information please click the Add button 

EXAMINER SIGNATURE 

Examiner Signature I /NICOLE M. BUIE-HATCHER/ I Date Considered 10/12/2018 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 
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Receipt date: 12/08/2017 15/735,130 - GAU: 1767 

Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor I Stephen Richard COULSON 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number GBL0007/US 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 
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Session Began October 12, 2018 at 05:12 PM 

Task Began October 12, 2018 05:13 PM 

Explore references by patent: { ID 1) 

Sci Finder® 

Patent Number: us20180171171 
Answer Type: 

Result Count: 

Detailed display 
From ID: 
Type: 

References 

1 

1 

i1ydrophobic coating for protection of an electronic or electric device 

Retrieve substance information in 1 reference (ID 2) 
From ID: 0 
Answer Type: 

Result Count: 

Substances 

17 

Retrieve reference information in 17 substances (ID 3) 
From ID: 2 

Answer Type: 

Result Count: 

Refine by research topic (ID 4) 
Research Topic: 
From ID: 

Answer Type: 

Result Count: 

References 

755 

plasma 
3 

References 

42 

Prepared 6 reference answers from Answer set 4 for printing in PDF form 

Task Began October 12, 2018 05:21 PM 

Explore substances by SIMILARITY _2D_EXACT 

Candidates: 

Candidates Selected (ID 6) 

Answer Type: 

Result Count: 

9 

99 (most similar) 
Substances 

1802 

Retrieve reference information in 1,802 substances (ID 7) 
From ID: 6 
Answer Type: 

Result Count: 

Refine by research topic (ID 8) 
Research Topic: 
From ID: 

References 

755 

plasma polymerization 
7 

Page 1 
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Answer Type: 

Resuit Count: 

References 

17 

Refine Answer set by structure (ID 9) 

Structure: 

From ID: 

Limiters: 

Answer Type: 

Result Count: 

exact 

6 

Polymers 

Substances 

1800 

Sci Finder® 

Retrieve reference information in 1,800 substances (ID 10) 

From ID: 9 

Answer Type: 

Result Count: 

References 

37 

Prepared 9 reference answers from Answer set 10 for printing in PDF form 

Task Began October 12, 2018 06:02 PM 

Explore references by research topic: plasma polymerization of fluoroacrylates 

Research Topic: 

Result Count: 

Candidates Selected (ID 11) 

plasma polymerization of fluoroacrylates 

3 

Page 2 

2 references were found containing the two concepts "plasma polymerization" 
and "fluoroacrylates". 

Answer Type: References 

Resuit Count: 2 

Task Began October 12, 2018 06:05 PM 

Explore references by research topic: plasma f!uoroacrylates cross!inked coating 
Research Topic: 

Result Count: 

Candidates Selected (ID 12) 

Answer Type: 

Result Count: 

plasma fluoroacrylates crosslinked coating 

4 

1150 references were found containing the concept "crosslinked coating", and 
either the concept "plasma" or Hie concept "fluoroacrylates". 

Automatically removed 25 duplicate MEDLINE answer(s) 

2 references were found containing the concept "plasma fluoroacrylates". 

Automatically removed 25 duplicate MEDLINE answer(s) 

References 

1127 

Prepared 1 reference answer from Answer set 12 for printing in PDF form 

Copyrigt1t@ 2018 American Cbernir-.BI Society. A!l !~;ghts F~eserved 
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Sci Finder® Page 3 

Copyright© 1994-2018 Sun Microsystems,!nc. J\.li Rigl1ts Reserved. (Java runtime environment) 

Copyright@ 2018, Yohooi inc. Pdl l~•ghts t~eserved (YUi 13ase, Fonts. Res,:,: L,:i,:i) 

Copyrigtot@ 200-20·18, The Dojo Foundotion. Pdl l~•ghts t~eserved 

Copyright @ 2018. E.xade!, :nc. Ail F~igt1ts Reserved. (JBoss F~ict1Faces) 

Copyright© 2002 !nfoChem GmbH. Al! Rights Reserved. (lnfoCl1em's reaction ci;:1ssificatior1 progrc1m CLASSIFY) 

The fol!owing copyrigl1t notice appiies to Raphaei oniy:Permission is hereby granted, free of charge, to any person obtaining a copy of U1is sofl.\-vare and associ;:.1ted clocumentmion fi!es (tl1e 'Software'), to 

dea: in U1e Softwore without restriction, inciuding without l•mitotion the rights to use, rnpy, rnod1fy, rnerge, pubiish, distnbute, subiicense, ond/or sell copies of the Software, ond to permit persons to whom 

U1e Software is furnished to do so, subjee,i to the fo!low1ng conditions:The above r.opyri[~ht notice and U11s permission notice shall be included in ail eopies or substant1ai portions of !he Software.THE 

SOFTWARE IS PROVIDED 'AS IS', WITHOUT WARRANTY OF Al~Y Klr,D, EXPRESS OR IMPLIED, INCLUDl~JG BUT l~OT LIMITED TO THE WARRANTIES OF MERCHA~ITABILITY, FITNESS FOR 

A PARTICUL/>.Fl PUl~POSI:, AND hiONINFRlr,Gl:J,li:NT IN NO E:VE:NT SHALL THE: AUTHORS 01~ COPYl~IGHT HOLDE:RS ElE: lJASLE: FOR ANY CI_AIM, DAMAGE:S OR OTHE:1' Ll.'\ElllJTY, 

\NHETHER IN AN ACTION OF CONTRACT, TORT OR OTHEF<VVISE, AF<ISING FF~OM, OUT OF Of~ IN COf\JNECTION vvnH THE SOFTVVARE Of~ THE USE OF~ OTHEF~ DEAL!NGS IN THE 

SOFTWARE, 

Tl1e foliowing copyright notice app!ies to Google Closure Templates only:Copyright 2009 Googie Inc.Licensed under the Apache License. Version 2.0 (tl1e 'License;; you rnay not use this fi!e except in 

compliance wiU1 the License. You may obtain a copy of the License aU1ttp·//www.apa01e.org/licenses/UCENSE'.>2.0Uniess required by applicable iaw or agreed to in writing, software distributed under 

the License is distributed on an 'AS IS' BASIS, VVITHOUT VV.A.RRAf\JTIES OR COl"JDITIO[\JS OF .A.f\lY K!ND. either express or irnplied. See the Liccense for U1e specific language governing permissions 

and !imitations under the License. 

Copyrigtot (cj 2010, 20·12 P·,dobe Systems Incorporated, Ail l~1ghts t~eserved, (Source Sans Pro)Ucensed under the SIL Open Font License, Version 1.1 (available at: ~1ttp://scripts.s1Lorg/OFL) 

Copyright 2005-2013 The DOJO Foundation (Dojo Tooikit)Ucensed under the Apa01e License, Version 2.0 (the ''License"'); you may not use this f1ie except 1n compliance wiU1 the License. You moy 

obt;:-iin ;:-1 copy ofU1e Lice-nse at:h1tp:iiwww.apache.orgi!icenses/UGENSE-2.0Uniess required by app!icabie law or agreed to in writing, software distributed undertl1e License is distributed on an "AS !S'' 

BASIS, V\1THOUT VVJ\.RRAr,JT!ES OR COI\JDIT!Or,JS OF ANY KIND. either express or implied.See the License for tl1e specific ianguage governing permissions and limitations under tl1e License. 

Copyright (c) 2008 Dmitry 8aranovsk1y (Raphael)Licensed under U1e MIT License (available at http://opensourr.e.org/licensesiMIT)Perm1ssion 1s toereby granted, free of ctoarge, to any person obtoin1ng 

a copy of this software and associated doeurnentation tiles (tt1e ''Software''), to deal in tt1e Software without restriction, inc!uding without !irnitation the nghts to use, eopy, rnodify, rnerge, publish, 

distribute, sublicense, and/or seli copies of tl1e Softvvare, ;:-ind to permit persons to whom tl1e Softv,,are is furnished to do so, subject to the following conditions:The above copyright notice and tl1is 

permission notice shall be included in all copies or substantial portions of the Software.THE SOFTVVARE: !S PF~OVIDED "AS !S", VV!THOUT VVAl~RAi'JTY OF ANY KIND, EXPt~ESS OF~ !MPLIED, 

11,CLUDING BUT NOT LIMITED TO THE VV.<\Rl~NrnE:s OF MERCHANTABILITY, Fin,ESS FOR A F'AFnlCULAR [>URF'OSE AND ~JONINFF,i~JGEMENT IN NO EVENT SHALL THE AUTHOflS OR 

COPYRiGHT HOLDERS BE LIABLE FOR A~IY CLAIM, DAMAGES OR OTHER LIABILITY, WrlETHER l~J AN ACTIOP, OF COPHRACT, TORT OR OTHERWISE, ARISl~IG FROM, OUT OF OR ii~ 

CONNECTION VVITH THE SOFTVVARE O!~ THE USE O!~ OTHE:F~ DEAUI\JGS !f'.J THE: SOFTVVAl~E 

CApius SM. Copyright@ 20·13 Arner.can Ct1em1ca1 Society. All Rights !~eserved. (The U.K. patent material in this product/service is U.K Crown copyright and is mode available witt• permission 

Copyright© Grmvn Copyright. The French (FR) patent rnateriai in this produe,1/servicce is made availabie from lnstitut r\lational de !a Propriete lndustrieile (lf\lPI).) 

GAS REGISTRY 8 1Vi: Copyright© 207 8 American Cl1ernical Society. Al! Rights Reserved. (Some records contain information from GenB;:-ink ® . See a!so: Benson D.A.. K;:1rsch-Mi.rnracl1i L, Lipman 

D.~1., Ostel .J., Rapp 8.A., Wt1ee1er D.L. Gen bank. rJuc:. .~c1ds Res. 28(1): 1 S-18 (2000). Property values tagged wiH1 !Care from U1e ZIC/VIN!TI data file provided by lnfoCtoem.) CAS F~eg1stry is a service 

rnark of tt1e Amerir.Bn Chemical Society. Gen Bank is a registered trademark of tt1e U.S. Library of Medicine. 

GASREAGT ® . Copyright © 2013 Americ;:-in Cl1emic;:1I Society. Ail Rights Reserved. CASREACT contains reactions from GAS and from: ZIGi\/!f\llTI database (1974M1999) provided by lnfoCl1ern; lr\lP! 

data prior to 7 986; Biotrnnsformations database compiied under the direction of Professor Dr. Klaus Kieslicl1; organic reactions, portions copyrigl1t 1 ~)95.,2005 John VViiey & Sons. Ltd .. John VViley and 

Sons, Inc , Organic F~eaciions Inc., and Organic SynH1eses Inc. Reproduced under license. Ail !~1ghts F~eserved. 

CHEMCATS (8:, · Copyright@ 2018 Amer.can Ct1em1ea1 Society. All Ri[~hts l~eserved Ct1em1ca1 suppi1er information is supplied on an •"as is'' basis Full information regarding substance availability, 

price, etc., is provided wl1en you request suppiier information. 

CHEMUST ® : Copyright© 2018 American Chemical Society. Ai! Rights Reserved. 

MEDLJNE@ : 1s produced by Hie U.S. National Library of Medicine MEDUr~E is a registered tradernark of the U.S National Library of Medicine. 
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Doc code: IDS 
Doc description: Information Disclosure Statement ODS) Fiied 

PTOISB/08a (03-15) 
Approved ior use through 07131/20°16. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under Hie Paperwork Reduction Act of 1995. no persons are requiret1 to respond to a collection of information unless it contains a valid ONlB control nurntJer. 

Application Number 15735130 

Filing Date 2017-12-08 

INFORMATION DISCLOSURE First Named Inventor I Steptien Rictiard COULSON 
STATEMENT BY APPLICANT 

Art Unit 1767 
( Not for submission under 37 CFR 1.99) 

Examiner Name I BUIE-HATCHER, NICOLE M 

Attorney Docket Number GBL0007/US 

U.S.PATENTS 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Patent citation information please click the Add button. 

U.S.PATENT APPLICATION PUBLICATIONS 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Published Application citation information please click the Add button. 

FOREIGN PATENT DOCUMENTS 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant 
T5 

Initial* No Number3 Code2i Code4 Date Passages or Relevant 
Document 

Figures Appear 

1 • 
If you wish to add additional Foreign Patent Document citation information please click the Add button 

NON-PATENT LITERATURE DOCUMENTS 

Examiner Cite 
Include name of the auUwr (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

, ___________ 
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Application Number 15735130 

Filin~1 Date 2017-12-08 

INFORMATION DISCLOSURE First Named Inventor I Stephen Richard COULSON 
STATEMENT BY APPLICANT 

Art Unit 1767 
( Not for submission under 37 CFR 1.99) 

Examiner Name I BUIE-HATCHER, NICOLE M 

Attorney Docket Number GBL0007/US 

1 
"Plasma treatment can apply liquid repellency to any material", Technical Textiles International, May 2005, pages • 23-25 (3 pages). 

If you wist1 to add additional non-patent literature document citation information please click the Add button 

EXAMINER SIGNATURE 

Examiner Signature I I Date Considered I 
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form witt1 next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at \•Ntw.USPTO.GGV or MPEP 901.04. 2 Enter office ttrnt issued lhe documenl, t;y lhe lwo-lelter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede tlie serial number of tlie patent document 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST. 16 if possible. 5 Applicant is to place a check mark here ii 
English language translation is aliached. 
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Application Number 15735130 

Filin~1 Date 2017-12-08 

INFORMATION DISCLOSURE First Named Inventor I Stephen Richard COULSON 

STATEMENT BY APPLICANT 
Art Unit 1767 

( Not for submission under 37 CFR 1.99) 
Examiner Name I BUIE-HATCHER, NICOLE M 

Attorney Docket Number GBL0007/US 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

Ti1at each item of information contained in the information disclosure statement was first cited in any communication 
D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e)(1). 

OR 

Ti1at no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in U1e information disclosure statement was known to 

D any individual designated in 37 CFR 156(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

D See attached certification statement. 

~ Ti1e fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

~ A certification statement is not submitted t1erewiU1. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Paul J. Parins/ Date (YYYY-MM-DD) 2018-11-21 

NameiPrint Paul J. Parlns Registration Number 54,358 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting tt1e completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete U1is form and/or sum1estions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 197 4 (P .L. 93-579) requires that you be given certain information in connection with your submission of the 
attactied form related to a patent application or patent Accordingly, pursuant to the requirements of U1e Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2): (2) furnishing of the information solicited 
is voluntary; and (3) Uie principal purpose for whicti Hie information is used by U1e U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, Uie U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from U1is system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to wtiom Hie record pertains, when Hie individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information st1all be required to comply witti Hie 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of Hie World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to Hie Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records mana~1ement practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Sucti disclosure st1all not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR U 4, as a routine use, to the public if the record was filed in 
an application which became abandoned or in whici1 the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Electronic Patent Application Fee Transmittal 

Application Number: 15735130 

Filing Date: 08-Dec-2017 

Title of Invention: COATINGS 

First Named Inventor/Applicant Name: Stephen Richard COULSON 

Filer: Paul John Parins/Bethany Lichtscheidl 

Attorney Docket Number: GBL0007/US 

Filed as Large Entity 

Filing Fees for U.S. National Stage under 35 USC 371 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

SUBMISSION- INFORMATION DISCLOSURE STMT 1806 1 240 240 

Total in USO($) 240 
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Electronic Acknowledgement Receipt 

EFSID: 34374605 

Application Number: 15735130 

International Application Number: 

Confirmation Number: 7101 

Title of Invention: COATINGS 

First Named Inventor/Applicant Name: Stephen Richard COULSON 

Customer Number: 33072 

Filer: Paul John Parins/Bethany Lichtscheidl 

Filer Authorized By: Paul John Parins 

Attorney Docket Number: GBL0007/US 

Receipt Date: 21-NOV-2018 

Filing Date: 08-DEC-2017 

Time Stamp: 13:19:45 

Application Type: U.S. National Stage under 35 USC 371 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $240 

RAM confirmation Number 11231 SINTEFSWl 3203600 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

73743 

1 
Information Disclosure Statement (IDS) 

GBL000?US_SIDS.pdf no 4 
Form (SB08) 

456ad696f9fe41 ff85772448b 1 0ebe379e52 
6a82 

Warnings: 

Information: 

This is not an USPTO supplied IDS fillable form 

595496 

2 Non Patent Literature Plasma_treatment.pdf no 3 
Seaec8c580a621 d971 Sf7a8b6ad643d 1 d6fl 

eb70 

Warnings: 

Information: 

30379 

3 Fee Worksheet (SB06) fee-info.pdf no 2 
63be4e84c6a538ea 190cc6fc5dc8ef7bd760 

5655 

Warnings: 

Information: 

Total Files Size (in bytes) 699618 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New AQQlications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International AQQlication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International AQQlication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PATENT 

ln The United States Patent And Tradtmrnrk Office 
Inventor~ Stt~pben Richard COlILSON 

Seda.I No. .l 5/7J5, 130 

International Filing Date: ,Juue 8, 20Hi 

lnteniat:fonal App. No. PCT/GH20Hi/051688 

37.l(c): 

For: 

December 81 2017 

COATINGS 

i\fail Stop Amendment 
Commissioner for Patents 
PJ). Box 1450 
Alexandria, Virginia 22313-1450 

Group Art: Unit: 1767 

Confirmation No. 7101 

Docket No. GHL0007/US 

[ G:~!:"!Ht Ti·U"f ON MAJWH 14, 201\>, "tH!S CORRESPONDENCE 

IS BElNG El.ECTRONlCALLY'LRANSlvff!TED TO THE UNITED 
STATES PATENT AND "fRADl.'MARK OFFlCE ViA 1:Hl, 

Oi+ICE'S EfS.\Vl:B. 

TR,ANSM•I'Cl'AI~ 

Dear Sir or i'Vladam: 

Enc:fosed here\Vith are the follo'>'vi.ng in connection with the above~ldentified patent 

application: 

A. Declarations (37 CFR 1,63) for Utility i\pplication Using an ,Application Data Sheet, 

exe<.:uted by: 

• Stephen Richard Coulson, 

• Ddwyn Evans, 

• i\ngdikj Siokou 

R A Substitute Statement in Lieu of an Oath or Declaration fi)r Utility Design Patent 

.Application or Design Patent AppUcatkm (35 l.LS.C. l 15(d) A,nd 37 CTR l .64), executed 

by: 

• assigrn.:<:.! (Dr. Stephen Coulson) on behalf of Clive Tt,Hbrd. 

C It is believed that no surcharge is required in filing these (kclaratfons ns the $140.00 

Surdrnrge for filing the Dedarntion late ·was paid on the same day that the application 

vvas filed (Deceinber S, 2017), 
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DECLARATION (37 CFR 1.63} FOR UTILITY OR DESIGN APPLICATION USING AN 
APPUCAT!ON DATA SHEE'f (37 CFR 1.76) 

~-----~-----·----------·--·--------------------------------------, 
, TiU1:H::if COATJNGS 
_}nverlllon ------~- ·---------------· , 

-~-t-t~_:_·~_1_o_, __ o_a_L_oo_o:1:,u:s:{:P:2-4_w:· :u:s:0-0_-:c:0=1-~-~-! .. -... -.... -... -... ==~~~-.... -... -.... -... -.... -... -.... -... -.... -... -.... -... -.... -... -.... -... -... -- I 
1-'\s the below named iMentor. I hereby dec,lare that 

This dedara!:ion CJ The attached app!icatlon; and/or 1 
is directed to: 

United St-ates application or PCT international application no. 
PC1/GB2;01(31051668 filed on June a. 2016; andior 

[J The application ha16ng the above~identined attorney docket n1..unber on the 
specifo;ation as flh2.,d, or the above.--identi!foid tlt!e on the spedflcation as filed. 

The above-identified application was made or autl1odzed to be made by rne. 

I t)e!ieve that ! am the or!ginaJ inventor or an original Joint inventor or a claime<J invention in !he app!k:atlon. 

! hereby state that I have reviewed and understand the contents of the abovi,Hden@ed application, 
incfudlng the daims. 

I am aware of !he duty to disclose inforrna!Jon which is material to patismtabi!ity as deflned in 37 CFR 1.56, 

I hereby acKnowledge that any 1;,vHtfu! false statement made in this declaration ls ptmishable under 18 
U,S.C. 1001 by fine or imprisonment of not more than five {5) years, or boH,. 

LEGAL NAME OF INVENTOR 

Inventor: Stephen Richard COULSON 
/'? J <~ 

Date {optional):_ ..... & -· ~ , J 
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DECLARATION (37 CFR 1,63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1.76) 

~-------------"""""""" .......................................................................................................... ___ , .. ____ 
~cl I 
Invention COATINGS !--------+-----------------------------.................... . 
Atttxney 
Do<:kEit N(i. 

GBL0007/US {P24MUSO(M:::D7QC) 
t .......... .-............................. _____ _ 

As the t:ekiw named inventor, ! hereby declare that: 

Tt,is declsration 
is direi:;ted to: 

[] The attached application; andior 

8J United States application or PCT international appHcation no, 
PCT/GB2016/05-1688 med on June S, 2016: andior 

0 The app!icafo:m having the above-identified attorney dock.et number on the 
speciflcalion as filed, or the above-lden@ed title on the specification as filed. 

The above--identified application w-as made or authorized to be made by me, 

! beileve that ! am the odgina! inventor or an original joint inventor of a claimed inventi.on !n the applicafo:m. 

I hi;ireby stc:1te that I t1ave reviewed a11d understand the contents of the above-identified application, 
including the claims, 

! c:1m a1,vatrn of the duty to d!sdose information which is ma!erlal to patentability as defined in 37 CFR 1.5fL 

! hereby admowl!;idgi;i that any wmfu! fa!se statement made in this declarnUon is punishable under 18 
U.S.C. 1001 by fine or imprisonment of not more than flve (5) yearn, or both. 

1 
LEGAL NAl\11E OF INVENTOR 

Ex. 1028 - Favored - p. 277



DECLARATION (37 CFR -U33} FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1,16} 

As lhe below named inventor, l hereb11 dedare that 

This aedaration 
is directed to: 

0 The attached application; and/or 

0 United States application or PCT internatii:ma! application no. 
PCT!GB:2016/051008: filed on Jun~ tt 2016; and/i:,ir 

[J The application having the above-identified atti)mey docket number on the 
specification as fi!e<l, or the above•identlfied title 011 thio! sp1:icificatkm as med. 

The above-identified application 1,vas made or authorized to be made by me. 

I believe that I am the original inventor or an original j1::iint inventor of a: claimed invention hi the ~~ppHcalion. 

! hereby state that l have reviewed and understand the contents of the above-identified application, 
' lnduding the claims, 

! am aware of the duty to dlsdose information which is material to patentabmty as defined ln 37 CFR 1,56, 

I I hereby acknowladga that any wl!lful false statement made in this dedar:ation is punishable under 18 I U,S.C, 1001 by fine or imprisonment of not more than five (5} years, or both, 

i 

LEG.AL NAME OF INVENTOR 

,._,__ __________________________________ ........ •.•.•·····----

#!f'l25J 
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Dot: n.1de: Oath 
Oocwment be~aiption: Oath or decfaml!.io11 filed 

PYOtA-tAlOt {0 t~: :n 
.4f-pt0\•ed fi:>r U~>) ?ht~~j~fl i 11'-lon:t:~Q. 0MB GG~i.,OCt~:,? 

Ll. $., p~~~H tm~ T f~d*•H~~'k omt*:. V ,~l. Of~P~~~-f !'..-U~t.n rn: cor-,~ME:R f;E;: 
Urn.:,r;:r !"!1:~ P:s~r~<!Rk R-sW..:-t~~~~ Aci nf ~ ~3.~& nn p~:-~ms- :sr~ rm1v~:)"'!{1 ::,'> m-:sp,md i.)'> ::i: {'..t>1h)t.t•n..~ <~f kl:f;:,m13ti1~1 \Ji1~'!iS !:t t1~ci~}'$ -e'l ~~~<.t OM~ ~~ire~ nu-r<"'1:£l,W ·. 

SUBSTITUTE STATEMENT fN LIEU OF AN OATH OR DECLARATION FOR UTILITY 
OR DESIGN PATENTAPPUCATION (35 U,S,C.115{d) ANO 37 CFR 1.64} 

Tifl~ of COATINGS 
!nve11ffon 

Tn1:s slatem~nt is directa<! to: 

0 The attacha<! app!i;.,-:atlon. 

OR 

ill}Uni!ed Stsies applicatl(m or PCT international app!ica.tion rmml:l~r 
15/735!130 December 8, 2017 

filed on 

LEGAL NAME of inventor to whom tlli.s substi:tut:e statement applies: 

(Eg., Given Ni3me {first and middle {if any)) ;3nd Family Nam,;; or Surname) 

Clive Telford 
R;esiderice {except for a deceased ,ir legally incapacitl3ted lnvefl!or}: 

Citv La.• .. '"· , .... lcounlr« 
!\•laifmg Addres-s (ex<:>~ll'~ for a decea?Sed o.- legal!)' inc;,;:i;.dla!M invmtor). 

j ! 
Lour.b-11 

l 

"":.ily !Slate l.zl,1 

l be!iew~ ti1e ab(MM1amed inveo!cr or join! inveo!or to be me original inv<:mtor or an orig111al joint frwentor of a <::Jaimed irwenllon 
in the applica!ion. 

ThB abova-klenti!i&d appHca.tio,1 was made or au!honwd to l~ made by me. 

I hereby ,3cknowlm:lge !hat any willfo! fa!sg st<'ltiament niade ir, !Ns statei110,,mt is punishable ,mder tS U.S,C, 1001 by fine or 
imprisonmecnt of no! more trian five (5) years. or both. 

Re!i:itionship to !he inventor to whorri !his substitute statemMt applier,: 

• I legal Representa!ive (for de,:>~ased or !ega!!y incapadta!ed inventor anfy), 

.i : ............... 
f\isislgn~e, 

LJ Person t(l w'hcm the inventor is lmctar an obligation to assiQt\ 

[] Pers.en wt,o olher1.<1ise sho'i\.<s a :wffici,ml proprietary intiweest ki the matter {petmori 1.md$t 37 CfR 1 .46 is reQui1~), ar 

• Joint 1.M@WL 

.. tP;:ige i of2J 
Th;$} ~~~r.~f.jn .:Ji 1:-dw-m?.tivfl ~~ r~quiffi:j t-s,( ·Jt( tts.c. ·t 15 .si-1d J7 Cf~ l _.6~·- -~l"! ir~r,'>rrr1:st;~-m :~~ ffl~1k'~d t~ tlbtac~ or r~~n• .s ~~n~m tty th~ p;,c~k: wM:K:h :~.tQ tij*· tw·:<l 
by l:h~ USPTO t~ !)(G<~S~) a~t ~ppfa;a~U:c~ {}c.t.0tld~:1tia:'ityis ~:a,~i7::m~ by 35 U.S.-C .. 1~~2 ;sr.d 3? C~R 1. ~:land 1. i~~ thi$: r;'.,-tl1k-;t:t~r:, S~"¢~hm .. 'li~ !:tl ;;s~~ 1 ~!mfle, t~ 
)':{'.:?r,~~t~, {r,dt.'.ii:ng. ij8~~-5rir':g, P.~W1fl~; ~Nd ~,bmmC~ij the ):{'.m1pl:et.~d 3~,pX<-a?~~n fan·r~ tot~~ ttS.PT~.). T;me .. ,~1 ~-elf): 4~~ndkcg UP'(t~'f {he i~xt~iG~;:1! {~~?'- An¥ 
u,n:~~~ntz on th~ Qm:ci.::rH ~1 ~m* s,au ~{;l:){Ui"~w$ ro ~{.tm~s:1~~ ~i:~ f!)rm ¢~dh1" :Zt:t~J~.f}~uoos for rnd~)';:i.•~ ~hi?., t~urn~n. ~w-uM t,g ~~n·: ~~ h\e t:hi~t tt1ff.\rr:1~is~r~ 0:~iQX,. UJ>s 
P~t~m ~~);1 Tm{l:i~m...~,~~ 0~(:F.. U.S .. P~p&rtm~flt of C<~mm~,~-::~, ~,O, SC·•.' t4t(Q .. Ai~~M4r!:i;1:~ VA 22.ltJ,·'i4$(t 1)0- N.:.)T :~tEf:.~O f:E.E:S OR·G.:.)M?tJff~O· ~!.)R:M~ ·re 
TNIS AOORESS. SEll!O TO: C•!llmlS.<;il.H\~!'forP.atent~. f',0, 6<"lCK 1450, Ah~~l"l(fria, \/A nJ·i3•14..'SO, 

!{yr;:·~ ms-:!d 8~~~,:.:=:t.s:nf.'~ i-N q.;m-;:d:~-t.: .. ng !~~ fC'l"nt r:~1N ~-~w~:.:..Pf0-~t~& S.fofJ ~l:)i."5~~ ~);..~'i·c,-;• <-
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P1DfS~~/ .. ~{\(.q (tP-,1:3} 

t~µ:iw~d f,;_it~ USf:'-th~·ct.iSh f UJ{ii:.:'U~C, 0M8 C~1~-0t(!~! 
U.S.. P:S!:!:}nt *~d r~~:s:•~~m~tk: omt:~: U.S. 0~2P .. ~T~U~Nr or (;OMM~~RCE 

u~~:.k-tt th~ Pa~~fw•.:nie. R~<J~~ih;m .~<.:t t}:. H:-st5, rm p5:'r~:.lfi~ ¢fl$ rn~1u1rn~l ;.~ rn~~mt IS} {1 t:~4:~~{il:<n v·f i~~iv::-m~tifJn ~nl*~$c :h~ilif!t&~r$ ~ ~:s .. fai.OM~~ ~t•lff:it mmlb9.-r. 

C SUBSTITUTE STATEMENT ) 
-

Cir~umstances permit!ir.g execulion tif thi:s substitute stateme11t 

(i] Inventor is ;fo,.£:i3sed, 

[~~] inventor i.s und,;r !ega! ir.capaci!.y. 

[] !nven!i.Jr c~umot be fownd or reachetl after diUgent etfort. or 

r .. ·1 Inventor has refused to execu!e the oath or dedarallm, ,mder 37 Cf-R 1. 63. 

!f lhern· am jolr,! inver,t,m,, p!i?ase check the appmpriate bo':<:: belO'N'. 

[il An applica.tkm data shee! under 37 Cf.R 1,76 W'T0lAL-'V14 or equiva.lent) naming the entire inventive entity has lleen 
or is wmin!J}• submitted. 

OR 

0 An applica!ion data sheet under ;37 CfR 1.75 {PTO/A!Ai14 or equivalent) has not l:leert submitted. Thus, a SwhsllMe 
Statement Sui:<phsrnenta:! Sheet {PTO.i'.Al1V11 or e~uiv;3Jem} naming !he entirsi inventi1r~ e.'lli!~· .md pnwiding invent1.1r 
inforrnalion is .s!!:acned Soo 3T CFR 1 .64-{b}. 

WARNING: 
Pet!lkmedapp!io::-anl is cati!kined lo a1n:ild submittfrig personal information in dowments filed ln a paten! application l~at may 
wntributa: lo identity tneft. Pa:mo.nal inforn1ation suet; ms social s,3curily mimbers, bank account numtmrs, or cmdit cam numb10rs 
(olher !:han a che<.'J.; or erect~: c.aro autt101izi:Hion form PT0---202,!l subm,tled fur payment purposes)- ii nevect raquiroo oy !he USPTO 
,o S\.!ppoit a petition or an apptic-ation. !f !his t)'pe of pernonai informa!.io!'l is included in clt.1cuments submitted to the USPTO, 
[:Petitior,ernhippHcar.<ls should cor,,.it!er redacling $UCh pemonal inform<1!icn from the documents before submitting them to !he 
USPTO. Petotionerlapplicant is ao,1is,3d ttiat the recorct of a patent applk.atiori is available to the pubiic after pub!icalk:m of !he 
-applicatiM (unless a m:m-i;mb!ica!ion r!lf-tli-est in compliance with 37 CFR 1.213(a) is made ln !he application) or issuance r.,f a 
pat$!flt Furthermore, the record from 1m abamfoned applicaiion may alsc be avaliable to !he public if the application is 
refermicM fn a published aµp!ic.'3llon or an imsuecl patent (see 37 CFR -i, ·14). Checirn and credit card aumor1ta!fo11 forms 
PTO-WM sutmitted lor payment purpc0Se$ are not reteiried l11 !he appHcat,on me and therefore are Mt i:mblk:ly available, 

l:>ERSON EXECUTING THIS SUBSTITUTE STATEMENT: 

Name: Dr. Stephen Coulson lo-ate (Op!i•:lna!}: 
l.? l« 
l.."', >..-! ! 

>~~. A ,,. // /' 
Signaiurn: 

'-, { l ,,...-1 
-.,.,.,...,,.,..-..-•'-"....,._ .. -.~ ................... ~-..•· . .-'> ' ----..,_,. ,..,.,..,.• \... 

APPLICANT NAME ANO TlTtE OF PERSON EXECUTING THIS SUBSTITUTE STATEMENT: 
!f the applicant ls a jmh,!.ic entity, list tl'!e applicant name and ihe !l!Je of the signer: 

P2i Ltd 
.t\ppl!canl Name: 

Title of Pernon Exm,-:wllng CSO 
This s,..ibsli!1Jt~ Sta!emant • Founder, President lnforrnation Security 
The sii:mer. \'.,'hOS<i! tith1 is suol'.lh'3d <'!Mve. is aulhoriwii to act or, tetmlt ot !!1e applicant. 
Resid~m:e of the signer (unfoss provided ln an ai:iplieatkm dat.! sheet, f.'TOfA!A/14 or equivalent): 

Abingdon I boun!ryGB Clty lStat!3 
Mailing Acldt~s-s of the sl'gn-er (4nl~ss pr•vid-ed in an appllcatlti!1 data sheet, FTO/AfA/14 er -equivalent) 

9-12 North Central, 127 Olympic Avenue, MIiton Park 

'city Abingdon i l ox-14 4SA i GB 
!Staie !Zlr, j(-:outl{I\t 

i'-k,te· iJse ,m addifon,3! P'TOIAlAJO:? fomi fat each inven!or who is deceasm:l, tegal!y incapac.ita!ed, cannot be fc,wnd ar reas.hl'l<l 
after dmgent efll)rt l)r hi3s refused to @ec:.ite the oath or declatafor1 under S7 CFR 1.63, 
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Privacy ;-'\ct Staternent 

The Privacy Act of 'l914 (P,t, 93•519} rnquiies th::ii yaw M given cerfain infonna!:ian in OJnnec:!im) 
'#ilh yc,t;r ,i,,bmisslon oi ti::e :l!lb:tc:!'1,~d form rda\1~ to ,.l p,it~mt applk~ition or patent Acmrding!y, 
p1-1rsi-1ant to the retwiroments cf the Act, please be aclvisect that (l) the general aiAnorlty fur th<,, 
collectio,1 oHhis lnformatio11 ls 35 U.S .. C, 2(tl)(2); (2): fumishing of the inforrr1,3ticn soticiteci is voi; .. m!ary: 
and (3) &le principal p\Jrpose fon•lf:ich the information ii, l,sad bf the U.S. P;:itent ,lrnl Tt<1dernark 
Office is to process andrcr e:,;amine ycur submission re!ateo to a patent applit-atio,1 or patent. lf you do 
not fwrnish the req.uestect infam1atien, the U.S. Patent and Trademark Office mav not be able tc 
pn::tGe~~~ and/:(~r ~t<~Jrr!lne your $Ubrrtissit)n1 ~\1hk:h may· ns-su}t hi tern1ir~afian of proC-eedlnf~S nr 
abandor.rr.~e:1t of the ~r.~pnc.at{on or expiration ti tl:tl patent 

2. 

:J. 

4, 

6_. 

7. 

8. 

Tiw infennat;cn en tnis form wm be treated coniir:lentially to the e;,;.tent allow-en under tne 
Freedon1· of lnkirrriation .t\ct (5 tJ.S.C. 552) and the Prtvacy .t'.Ct {5 U,S.C 552~}. Records• frorn 
tt:-!s $~tstem t)f records may tt:t~ d!sc}c,$fSd tb the Departme::~ of .JusUQ-S· to deterrnh·te ~~hett~er 
disdo1;ure of these r;;,cords is r,:,quirnd by tiw Freeoom ot intormalion Act 
~1< f'eturd fro?;l t:hf$ syst~~n1 or n~c,1rcts n1ay be: tfo~·;c.k::setj, as ~1 n .. 1tJtine us~, in the course of 
pr€:St3:nt!ng B\.~dence ta· ~3- cotfft, rnag·!stratel or admlnistra:fr~.te t:ibunai1 }n::-:iudinfj d*~t~nsute~ to 
opposing cotmim! in the course of settlement negotiations, 
/-\ record in lhi$ 5y:stem of rnccm:k. may' be di$d0'2<ed, a5 ;;i r<m!ine mm, to a Member of 
C:.01:gres:S subrnllt!ng a reqLiest 1nvcMrig an indlvict,m.l. tc when, lhe rec.nra perta.ins, when the 
;r,dlvictwal ha.s raq\Jestect assistance iron, tr1e 1"..,1embet with respect to tn~ sLibject niatter of tf,e 
re<:<ml 
1-\. t~1tX.'rd irl thft sy·-sten1 of c·ecords rn:;~y be di:~aa.iosed, as a r<n.dJrle U5e, tt::t a coritractor· vf the 
,qgeney having me,'S\d for the lnfmm;;ition in an:ler to perform ;;i ,x)r;tmct Reclpk,nts ef 
information s11an be required tc compiy \'<,1th !he 1-eq:J1remen!S of trre Pnv'acy Act of ·1~174. as 
an·iendect, p,,:11lmnt to 5 U-8,C. 55'.2a(m,l, 
,,~\ ri~c,1nj rel:;~ted k1 an internatk~cB:l .-\ppHcat!~Jrt fHed i.rnd~1r ttH~ P~f~Wit Coc;p~~r::tt£on Treaty in 
this systBm of records nt{3V tie dfa;cJosed.. as a: routk:ft t~se,. to the !nternaiiona! 8-un:1::su or tt-H~ 
Wedd !nteHec.tw! Propeft)' Organization, i::,ursu;,;.mtto tM Patent Cooperation Treaty. 
A record in this wstern of recor<ls may be <ii:Sck:ised, as a routine use, to another federn! 
agency fur purposes of National Security review (35 u.s .. c. 'l!3'1J and for t'e\,~ew- 1xirsl..iant to 
lh,~ Namlc Energy Act (42 USC, ;rnl{cJ}, 
l\ record fi°iJn1 U'"i:?-s systern (1frecardt n1:ay be· d!S(~osed, as a routine use. to the ><\ctrnh··Hstrator1 

General St~rvice-s,. or hisft:.isr des!gnt~e. durjng an fn:&pection (Jf r~~con:i$ eix~ducted by GSl)t as 
part of th<1t agency's respons:t.,\Hty' tc• recommend improvements in records management 
practices and progr-ams, under autMrity of 44 LL$, C. WM and 2$00 .. Suc.h disdosure shan 
be made in accordance >,\litf, the GSA regw}ations g,:ivemi!1g inspection cf records tor this 
purpose. and any other relevant ( ie., GSA or Co-mmen::eJ directive Such dlisclosum si::aH not 
be uaecl tc, make determinations about ind1vJdua!s 
A record from lhis syste1n of recnrds may te disclosed, as a rnutrne use, to the public a:fier 
either ptlbiiG13tkln ,if ti'ie appHC<ll3Qfi pUt":<U,3!1{ l:o 35 u .. s,c. 122{tl) (!! i$$UiSf:Ce or a pl:lti~nt 
piJrs,mnt to 35 U,S,C. "H.Vi. Further, a record may be dis.closed, s:..,bject to the iimit&tior:s of 37 
CFR ·t 'l 4. <lS a rawline use. to t~ie pub!;c if the n~ccrct was filed in an applic.eitton which 
bec:arne ab::~ndon-~d or in ,~•bJcf! !Ju~ proct~dings \tV.en~- tenninated and '.:\1'1ich appHcation is 
reh~renr-..t-3d by ei:!her a pubfashed app!h:::.B.tfon. an app!!c:3-tfort op<::n to p:..iblic :nspec.ihJn or {~rl 
1sswed patent 
A rscord from tt,is sy~tem of remnll> rn,ly be discl<ised, as a rou!ine wse, lo a Fecteral. Stat,~, 
er !oca-1 i:~~ .... -\~ erJorc~~rnt~nt (3gencv t ;f th~~ USPTO bi:~critnes ::~o;,\:'i3re af ;3: violation or pot~-ntt::d 
violation of !aw' er regwiation, 
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U.S. Serial No. 15/735, 130 
Page 10 

Remarks 

Claims 1-3, 5-16, and 31-34 are pending. With this Response, claims 1, 6, 8, 13, 15, and 

16 are amended; and claims 5, 7, 12, and 14 are cancelled. Upon entry of the current 

amendments, claims 1-3, 6, 8-11, 13, 15, 16, and 31-34 are pending for consideration. The 

present amendments are fully supported by the application as originally filed and do not 

introduce new matter. 

Applicant respectfully requests reconsideration and further examination of the 

application in view of the amendments above and remarks below. 

Allowable Subiect Matter 

Applicant gratefully acknowledges the indication in the Office Action that claims 7 and 

12-15 would be allowable ifrewritten to overcome the rejection(s) under 35 U.S.C. l 12(b) or 35 

U.S.C. 112 (pre-AIA), 2nd paragraph, set forth in this Office action and to include all of the 

limitations of the base claim and any intervening claims. As explained below, claim I is 

amended to include subject matter of claims 7, 12, and 14 (using alternative "or" language), 

therefore claim I is considered allowable. 

Claim I is amended to limit L for compound (i) to having the features of claim 5 in 

combination with 7 (i.e. "Formula A"), or to having the features of claim 5 in combination with 

claim 12 or claim 14 (i.e. "Formula B"). 

The terms "Formula A" and "Formula B" have been added to refer to the optional 

features included in claim 1, in order to avoid unnecessary repetition of these features in the 

dependent claims. Hence the inclusion of these terms in claim I does not add matter. 

Claim I has been amended to broaden the definitions of YI to Y8 and RI, R2, R4, and 

RS to RIO to be independently selected from hydrogen or an optionally substituted c1-C6 

branched or straight chain alkyl group. Basis for this amendment is found on page 5, lines 22 and 

23, and on page 5, lines 5 and 6 of the PCT application as published. 

Ex. 1028 - Favored - p. 295



U.S. Serial No. 15/735, 130 
Page 11 

Specification 

According to the Office Action, the disclosure is objected to because of the following 

informalities: 

1) On page 1, "it is unknown what is the co-pending application." With this reply, the 

paragraph on page 1 that begins with "Monosaturated monomers" and ends with "(see 

co-pending application)" is deleted thereby rendering this objection moot. 

2) A Brief Description of Drawings section is missing. With this reply, said section is 

added to the specification, thereby rendering this objection moot. 

Accordingly, it is respectfully requested that the specification objections be withdrawn. 

Drawing Objections 

According to the Office Action, the drawings are objected to because each of the view 

numbers must be preceded by the abbreviation "Fig." 

With this reply, each of figures 1-7 are amended to replace "Figure" with "Fig." as 

requested in the Office Action. 

Accordingly, it is respectfully requested the outstanding drawing objections be 

withdrawn. 

Claim Objections 

Claims 6 and 7 are objected to because of the following informalities: both claims 6 and 

7 do not end with periods. Claim 6 is amended to include a period and claim 7 is cancelled. 

Accordingly, it is respectfully requested that the objection of claims 7 and 6 be 

withdrawn. 

Claims 12 and 13 are objected to because of the following informalities: the word 

"Wherein" should be lowercase in claim 12. Claim 12 is canceled thereby rendering this 

objection moot. 

Accordingly, it is respectfully requested that the objection of claims 12 and 13 be 

withdrawn. 
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U.S. Serial No. 15/735, 130 
Page 12 

Claim 16 objected to because of the following informalities: the capital names used for 

the names of the compounds should be lowercase. The abbreviations are appropriate. Claim 16 

is amended as suggested by the Office Action, thereby rendering this objection moot. 

Accordingly, it is respectfully requested that the objection of claim 16 be withdrawn. 

Reiection Under 35 U.S.C. §112(b) 

Claims 1-3, 5-16, and 31-34 are rejected under 35 U.S.C. l 12(b) or 35 U.S.C. 112 (pre­

AIA), second paragraph, as being indefinite. 

According to the Office Action, the phrase "wherein the protective cross-linked 

polymeric coating is obtainable by" in claim 1 is unclear. With this reply, the word 

"obtainable" in said phrase is replaced with "obtained," thereby rendering this rejection moot. 

Ri R 
\ / a 

\;·-·-·-·-·-·-·-·-·-·-·-·-:(,I 

// "\ 
/ \ 

According to the Office Action, the structure R.i R:4 in claim 1 is unclear. With 

this reply, said structure is delected thereby rendering this rejection moot. Applicant notes that 

said structure was intended to be deleted with the Preliminary Amendent previously filed. 

Accordingly, it is respectfully requested that the rejection of claims 1-3, 5-16, and 31-34 

under 35 U.S.C. l 12(b) or 35 U.S.C. l 12(pre-AIA), second paragraph, as being indefinite, be 

withdrawn. 

Reiection Under 35 U.S.C. §103 

Claims 1-3, 5-6, 8-11, 16, and 31-34 are rejected under 35 U.S.C. 103 as being 

unpatentable over Coulson (WO 2007/083122 Al, referred to hereinafter as WO '122) in view of 

Coulson (US 2010/0203347 Al, referred to hereinafter as US '347). 

Independent claim 1 is amended in manner to include the subject matter of claims 7, 12, or 

14 (in an alternative manner), thereby rendering this rejection moot. 

Accordingly, it is respectfully requested that the rejection of claims claims 1-3, 5-6, 8-

11, 16, and 31-34, under 35 U.S.C. 103 as being unpatentable over Coulson (WO 2007/083122 

Al, referred to hereinafter as WO '122) in view of Coulson (US 2010/0203347 Al, referred to 

hereinafter as US '347) be withdrawn. 
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U.S. Serial No. 15/735, 130 
Page 13 

Conclusion 

In view of the above amendments and remarks, it is respectfully submitted that all of the 

pending claims are in condition for allowance. Approval of the application and allowance of the 

claims are earnestly solicited. In the event that a phone conference between the Examiner and the 

Applicants' undersigned attorney would help resolve any issues in the application, the Examiner is 

invited to contact said attorney at (651) 275-9831. 

Dated: March 18, 2019 

#124050 

Respectfully Submitted, 

By:/Paul J. Parins/ 
Paul J. Parins, Reg. No. 54,358 
Customer No. 33072 
Phone: 651-275-9831 
Facsimile: 651-351-2954 
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recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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5 {0001} This irrvenUon re:~des to prap;:t:-ati<}n of a rne~~~! n1old sm"f(3C€~ 'for :·nokifr1:9 rubbff products t1y plasrna Jet d!n~(~ted 
po!yrr:.er t;o~1U~g~ a coated n-~otd fe::r rubbt:.r products and productk':n of ru:bhsr p:(·:duc.t~L Such rltPber products are n.;:bber 
ttres Hnd fndusiri::]f products .. parHcBh3.:-ly· rubber tfres, 

[00021 Rubber procti..:ct~: z:..,:ch :2:s fc~:· ~:->:~mpl~ pn~:tffnHHc rv1Jb~3r Vrt~s~ ane typk~~Hy pro-duc~d by nioldlng {~nd curing 
sum .. H' curable green. ot uncureti.:. rubber Ures in a Hre rnold ln whtC~~ the uncured pn$Lnr~at~c t\~bbtff Hre is pre.ssed 
outvv~~rdly aga:1:n~t a n~.etrt! mold s>-;rf~~ce by cnean::; of ~.n ;~t~3rnai ftui'.t:1 f:~pan:~ilng rubbt3r bi~ldd~~r {e.g .. t3)t app~ic2ction t)f 
~n1Bcrtal.st0:.:~n1 pn~ssun~ to tftB bl:addE~r t~nv~~k.)p} By· su~::f1 rni:Hxid t[-lH tf(~cun.:-d rubbt~t tin~ ls p~~SS·Etd against.f:nd ~(hBp:t;.?j 

·1s 1:1galr:st the me!al rnokl ::>Urfsce wriich def;r:es the tir., ::i tread patt,m, aM oorrfig.wraliot1 cf ,ts sidewa!ls and aur;ng which 
a p<::-:t~on af th~~ rub-ti;;r ln pro:drnHy to tht~ rnold surfBCE~ flov;_is ;o pe-r-n1[t th~ n~bb-E:r t:.] a~~stnnH thf~ oonto-urs. of th,:3: :no{d 
s;.Hia-ce, By appHcauon of r:e~t to the =""!10td~ the Ure is cwred ~v~tnin the ~Yi.o~:t Th$ nioki is then opened and the cured Ure 
r~3n-:ov~3d frorn U:B :-r:okt Such pn0tnnf:Ec rubb~3r tir{~ rn-o;d~ng and (:uring :s. t·~;:€::H ~rK:v:..:n to H1::}~>0 h.~~v:ng s.km in ~~uch Hrt. 
{tlOOaJ It is ;rnporti:ir:t trial such molded ;,ind sum.ir cwred n.ibl¼:, i:,nxlwcts sue!: as tlrsis w ;e;;,dlly ren,ovabisi from their 

~~:: tlr~ frlolds .. A re:~ease coath--:g 1s s.-c.-:.metcmes appl~&d ta the surface: of the uncun~:d Ure· to a!lo¥~' th€: cumd hre: ta. b~ suitabjy 
rerncrved frt:=rft th:H rnol,:t !t ts botrc ~c0:n<}fnic;:~~1y Hnd physfc~3Hy des1rabJe to pr<~vtde a durable H:~tEjHse t>:);2rtfr19 on H Hrt: 
rnok.i surfac$ i.ts~~tf to prc1vk:te $ re!e~sabHHy of the molded t:rs fto~1 the tire rnok1 i)Yef repe~tec~ tk:~ :11-r..:-tdinfJ $nd cwnng 
cy-ClE~S. 

f0004.l Fw.rth~r~ by repeate<i tk·e motdJ:ng and ctucng cydes~ trie fr':O!d surface of a met;a~ tire nio!d rnay be subject to~ 
~:;,: buildup of rn.ated.:~1:s .. or d~bc\s, on it~.; surface, 8uitdup of fnatertal$ -on ~he ~nok3 surfac!~ rn~~y ~;onieUnies be rHfc~rred to 

n101d tOu!!ng ~~lh}ch n1ay~ for exa:rnp!e( aft~ct co~rnetk: apye~:fance of the surr~ce o'f the n:a:!ded Hr~. t1t:clt f;',)~~!ed rneta! 
tlr~ n1okl S.lJd~(~s fn~~Y b~ pi3riod\c~!iy d0an0d io r~;-r1-ove t>uch ~nokj 1~ou!h1g ~~'f1e-n &ppropri~~te. Sl~ch ti3'ft(l~3nc-y- f()f n-cofd 
fuui!ng is w:sil kncwn ic those ha,,iing $ki!! in Slld, mt 
{Ol105l Ther~tOre: in prac.tic~3. ~t rnay b~ desir~r) to p:{:nnote n::l!ea)3ab:lHty of suUtff CUft3d rubbBf pn..1ducts ~3:Jt.tl as tir~S: 

:J(: as \:VeH ~~s v~dous indt~strlt~l pn~Juc~ Sltch ~s~ for ex~n1:1p!$ beUs, hoses} track pads and S•l10~~~1 frotr: their mo~d surf;3ces 

and. f•.Jtlher. to i~t~rdf d:rn!ntst~ or suost~ntlal~y prevent or release ·mold iout:ng of tne ·.s:...::·f.ac-e or the rubber (e,g, tire) rno:d. 
[l1{}06] For tf::is Jnv0nUnn. it fjesited tn :::~l~lhJf'H~3' & pi;)s:-rt~3 induced po!y.mer r.oa;ing qf ;~ rneta! tr:o!d mJrt)ic-0 for rno~d1ng 
rubber producte {e,g, tires) lo promote relessabii,ty of s c,,red rntibe, p1·octuct 

{{}007] Th~ tnve.ntlon re!H!es t~) H rnethod in acct"'>fdan:E)E~ ~vUh c!alm 1, to ~i rnotd ~n ao:::ordi)ncH \¥:th c:;~~rn 13. and ~e 
metr,ods ;n ao;;oroa;:ice \•At!: cla;n,s 14 and 15 respectively. 
[0008-] Dt~p~~ndeni clahnB :-Hf~~f to p r~~fi*tTE-:ti ::~n-:bodlrnHnt~~ nf .th~~ inv~~ntton, 

-~tJ [0009] fn one aspect. the pr~ssr:t !nvent~on is dkected to fi rnetht,d of treaUn.g a rnetai {e.g.. ~tee! 0{'" 11tl:mlnum) rno~d 
sur-fi3.GE~: t<x n~o!ding ilnd curing rubh~~r products {~~-9- tk:£~.S) !>':lhk:h f~3B"tprts~~s applying a thin ~:x..~h~~n10r l:~y-::ff k) the ~urfa:~t~ 

of the nxi!d to fac:H,tate remov;;,I of s rubber prc<ltict having beer, cured wltn i,) such m<:i!tt 
tOOiOJ A. p!ur~iity of such tx)at~ngs on th1~ m~~tat rr:iokj surf~C~)' ;1'':~~Y ~!so b~3 PfOVi<if3d . 
.{0011] F\1dher \ a rno!d fof tubb~r products (e,g. ti:res) !s prc~vlded \~ .. ~th a co~Jted Bi6h3t suitac,e {e.g, steel or ~3!tn~·tinu:-n 

~1 surf~.ct:-) prep~~red. l)Y s.a~d n1EHhcd~ 
{tllli2J 
tOOiJl 

Jn add!Uon~ <~ rnetho,:j Gf" rnoJdl=-tQ and curing :~ rtJbber product {~.g. pn~un~~ltlc• rubber t~re} is provlde:d. 
ln accc.~rdance \~'lth tfl::s ~rr./enHor:~ a rr:ethod of t:e~tfng a rnetat surt~1ce of a 11":0~d tl1: 11":0~ding and cudng rubt'.tBf 

pr~1d>Jets ~:2, provided: ~Vhk:h co~nprises dln:}ctlng ;:·H1 a!n-~ospr~t~r~c p{asni·a Jet coinpr-:s:ng an ion.lz.ed gHs contai:nlng ~~ 

po:yrr:erizsble precursor {e3J. atorntz~d flQt.Hd po!yfftetizi.?.ble precursor; to~ ffi:?tat rno!d~ng sttfa-ce or the rnotct to fonn 
.50 i:l:f:(i bnncl ;;: thin r-~oty;Tc(3r }a~{er c,f pla8111:a polyrn~::rized prt~cursor on sa~ .;Ttt3t::l! r:tclkj S(.~rfac<~ in p.roino~£· r~~e~ls~ nf ~~ 

cured rut:ci;et product from said tr$.ated mold. swrf<lce,, 
[00141 ln Of:t3 er-nbcH:ilntent. Si~]rj iont.red g:a~> for s~id pfa~snia is el{~ctrkat!y iortfl-t3~) by~ -for e>~iunp.fe 1 .~~Ho~ving said gas 
to pa·ss beh-vee-n a set or posmve and neg:ativa eledrodes {e .. g. an e~ectr~c arc) ~t) cause the gas ~Q be. ~n <~ high state of 
h~h ~r:~>rgy envkonrnent to tfl.~3re,by pr:ocnotH po~yn1eri1:at~on of thH ~ntro-dlH;~d p,'1iyrneri2at,.f~3 pn~c~nsor. 

~·s {00·15] Such dt3:posited po!y:r:er, on ~;:t~d n~::~~~3! :-nc~Jd ~~urfac~~fro:-n said pb~s:rnB is~ in B. fnrrn·of a po!yni~;r :a~/f~:" h~3\dng B 
tt1!clmess, for exan,ple, in a range offmm 'l O nm to 500 nm, pr~ferab,y 20 mn to 100 rm:,, si1<.1 is p;'0,1!ded from polymar,zsble 
pr&cBrHors so long !hi: rBsuHing p-c!y:ner hBs ;~n f~bHHy to pron1ot0 n:tBa~~abHH;r ti a ctffi~d :'Ubht~r p~oduc%· frac11 fha 
deposited ~,olymer layer on the meta! mold surfoce. 
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ftlOHiJ Hepresentab;..'e of such r,1!:lbet prc,d:.icts sre pnewmailc rnbi:.i~r t,% Md engineered (e,g, ,nduHfr~i} rui:.i!:ler 
products Gon:9r{s.tng for exarr:p!)~ bsits. (e .. g~ po\•ver and trHns.mis!:~lon be!ts} .. hos.f!S~ vehictd;sr tr~1ck pad$ ~lnd :>hoes. 
[OOH) !t is to be appmd~!led !hat the atrnosp!leric p.i,:\~,m,~ Jets rrmy tie in a form of puise N e:<mllnuoui, p!asrnas. The 
plas.rnas- rnay be generatf}d, for e.>c:;~nnpt~~ th)n-: }jie:ectric b.~rri~r j~ts, fl1lc.ro·~,v~r-le torctresi radfo ... frff{:pJ~H1cr' torches 1 lov,t 

5 fr.equenct torche~~: c~rren{-carr}<~ntJ ;:~r,c ptasn1a Jets~ (~r bt ~3ny other rnH:3ns of pn.x{uctng .:3 suitable. atrn1>s~~herk: p}~~~rn;3 
able to pofyrr'teri.z.e organic pree-i .. irsors ct po~yrners: fff~OW'n to one sk;Hed in such art 
{0018] VVF:HH there are addigona! rnt:thods of tre:.:tUn9. an ah-r~osp~~~~rk: pla~ana jet; a ~:urrent-m:"tt"t~{tng fff~~ ptasn~f~ jeL 
appi,mrs io be an flcce;:itabi,; m,;ans <,;f flt.)l}!yin,:;i the thin polymer 1,,yer t,-:, !he metai moid swi'm::a, 
.{l)ff1l)} in pr;::~~~tice: ta lht3 ~o-niz.00 gf~t> rtH~Y b~ introdlJ(~~Ki ~~ srnan p~rt:,.;e s~2.ed {ttg .. ;~~on1~z(3~j} !k:t{kJ polyrneriz::;cbf~~ 

·u}. pn~cursor {po·l>-r"roer pret:ursl)r. nan1et~~ il precursor to for:n a p-otyrner) totonrt ·a p[c$stna Jet expeHed through and fton~ 
a totch .. tXJr;1pr\sed of th~: lon~z.e{l g:a~~ and ~tnrniz~3d precur~nr fr:;r \.Vhkh po~yrn~3rizi~~!o;-1 of thi~ pn~turso: ;s pror:1ote.t) Py 
the h~gh enargf en~tir.onn1ent ptovt-ded by the pi~~sn-ia. 
[Ofl20J TMH p!~i~>n::ta jet is dk0cted (B.g. diff3·Ctt:d frorn !is ton:Jl} tn .~ n1okHng ~~t~rf~~ce 01,: the ~,h~~::"I or ~~kffninurn mold to 
fonn f~nd d~~posH: a thin p.otyrnf~r {~!y~r (0,g. coaHng} fr{,:tB) the pc~yn ... ~Brizf:d precursc~r on sBtd ~-JtBei ~~un'"Be~~ .:..)f i,hE'; cnok{ by· 

·1s polyn-:erization of said po!yrnerizab!e pr~cursor~ 
f001i] !n arm mnbodilfmnt it ls ,j~sin~d l:hal th~ poiyrner lsiyer is t;cnded io !he si,H,! Dr ,~iumlrn,m mold ;;,;rface ln ~, 

seMe of chemlca! t)onding of lhe po1ymerizect 1>'.)ating to the surface of urn ,,tee1 or aiw1,,inum ls cre::ited a:;; si result of 
n~~;: hi:gh plf1~3-ff1:H )~f::~3rgy 0nvi.ronn~i.:nt 

{0022) !n 0:1e embodiment, It is ctesir.;d that ms poiymer !aye, re-sl-st" signmcant adhesion ot the rubber to tt,ereby 
~~:: pe:rmff the rnc-lded 8nd Clff€:d rubber t:o be re~eas.abl·e frorn the n1old surt~1cef (e.g. ;:o parffdt r:ernovaf.of the rnc.lded n.1:bb~ 

pr{xil:et fronl the rn,;)ki surfacE~). 
[00231 !n ,me E'n1!:lod,men!, i! ,s ;:Jesired t!c<:1! ll1e poiynwr comprising .::i c,o$slinked p,,lymer in a sense of it has been 
ot,~se~rvt~d. tt:at tt:~~ plasrn;:i p-Dlyrner~zBct coaHngs usua}iy HihR~l! sorn~~ ~jt1:ttE-~~ t):°" cros~~un~fng. !nth!~~ tnanner .. it !s be·HE}VBd 
that ~i d:egrae of cros$lin~~ cten$.ity 'l.r"lithin ~rje· potyrne: co.aUng prornc~tss r:1scf'ia~jcal strength to w:thsta~':i ~~brtiSion W'her: 

~::,: t~~~~.ing 1~~tffed Hr~s out of th0 rno}d . 
. [0024] By atrnosphedc pressure plasn1a< ~t ls rneant that Hie pres$wre of the p~asrna is equa: to or sr:~ihHy above tha 
{:H:1.b\~r:t pr(~ssure of t;"lE: surrot~ndings. The pre~3Bttn> of the, pl.a~3n1{~ ffUlY b~ (je~dr~~b:fy sor:UJ:'· .. ~vf!~~t hi~Jh~~J that: a;-nb]ent, 
such th,1t H,e pli3s,n,l presswre is sufficient to inciucl?l lhe cesired now r;;ite t!,ruwJtl a piasm,1 gener,itor which ixirrtains 
~1n i<H1!Zi~d fJas prc'>rnoting i:3!1~ttric an::. 

:J(: [0025] t'\n ierdza•b:e gf~s {e.g~ cHrr}er gt1~; tor Hie poly:ner~2-~ble polyrn~r precLlrsor) rnay be, for e>:.arnple a nt)b~a s~~s 

s,.ich es, for e>.arnple nenum. argon, :,,:~non and neoi~ as Wsdi as., for example. oxygen. ni!roger:, carb<..,n di<:)Xicte, na,ous 
oxkfr~: and f::fr·. In ont3' i:n~br;-~j);1:Bnt. ~tK~h it):ci?ab~~~ ga~~ is ~rgon. 

{tl026l /!i earner gas to carry the atomized !i:;wici poiymer,z,,bie prec,1reor to !he pt"iema p,ume n,ay t,., for $)(ample 
Hl~>o .a nobft: ga~ sur:::h «~·~ fr.1r ex.arnpk::: hefo,:_ffJ\ ::1rgc)n. )•:.E.H'-10:l and.nr:x..")n {33 \¥eH ::=t~> .. for i~>G:Hnple-~ oxyl~iSrL f1Hra:g0r:~ t:;i3tbor: 

~:~: d}ox:dei nitrous oxide ~n<l ak,. In one a·n~boa~rnent St.:cn r::i?.nier gas ts ar_gon . 
.{0027] RBprese.nt:::thu3· of sut:::h f}Ol)ITfH3ffl(~b~e p~3cun>ors n1a}" ht3 con1ptised of~ fqr ~!X~~1Ttp!f:}, ~~nd r10{ i;1t~3nd~3d :.n bt:':' 
lirn~Ung, one or rn,:)n~ ,;)f disHo:X:f~n~~s( .. dislh:~Zan:c:~s. pEfff:uoroacrtlate~, (~~,g. p-E~rnuo:r{:;octy·:attyh:ltt~ B.nd pHrnuoronctyltneU:,-. 
acrylate): Hi ... R)rin2':ted sHanes~ vtr:y~:der:e t1uor~de. 
[0018] F,)r r»:;'Wlpie, si;cri poiymHi.mbiti prnrnrsors m,3y tm ,l disilm:;lm~ SlKh ,3s, for mmrnple, tiB:>:.am~;!t1yl,:ji$ik,:<~m«: 

1« a disi!az;s.ne $UC!1 as fer sx::irm:,!e he>:arr,ethy,ctisilezs:1e; fluorinated sil::1;1e wmpmint.L fo, -sx::impls. ·J H. ·i H, 2H-per­
f:uotooc1y:tdeit10>:ys1iar1~~ an;;j o~her fh.totinf~H~d eorr1pn:..H1~j$: fxsrnprtstng Bt {E~~~st c,n<:~ :::sf i H·~ 1 H., 2H-.pt::n<lunro-- i .-t~U,y·:~~n0 
\eVr,ere said alky!en-s group comprises of decene,. ,::ictene, hexe,1e or butene grow0$ nr ·1 H, -1 H, 2H-periluoro-·1,a,kario1 
\.VhH~1 said a!k~H):.)f group oompdiH:ts of dee;anol~ octanot he;<HrK,:l or btHani:;l! gro~Jps and fh;or\n«t~~d ~~ornpounds {>t~cM 
as( fot· exarnµie perf!uororne.thyk:ydohexane\ pern:Jorad~n~ethylcyc[ohsx:ane, he>:;.=tftu.orobenzenei.Perf~uoron:aih'/t vinyl 

~1 Bthsr: pert1uoroe~r1yi ·v~ny! $thar { pernt.i.0P-.1prop:/J v\~yt ether~ psrfluor.od~rnsthy!cyc!obutane, p~~rfluon}n1ijth'l,;tc:lt.lopentar:$, 
perf: :.ioro nleHsy lda:e:3:: n .. tetr: :lfkb:Jroetriylt?:n~f ~ ha :(BffuorGpro py.:en e · ~l n~1 per fl u<~f'o b ut~l t ei hy·te n e, 
{00::Wl SLicl1 disik.:ix::inf.S, <11s1!<\:ta.rie, f!ucrinats<l s!!::ins. vi1wndenetiuoricts and f!uor!nBted oompolm<fa may be cc,rnb1nsd, 
if desin::d ~ind ;:~ppropdate '--~·vttt1 said pernu,;)ro~3eryl23tes io fl'·gin a precursnr for said ph::~:.rn:3 coaUng fnethod ~3nd to thef eby· 
fonn a ropolyn-:-er th~re,:,.f, 

.50 [0030'] TMt:: pr~lctk.e· of the n~ethodc:fth1s irr~·0r1tk:=n is <",ons\den~d as b(:1ng· ~IgnWcantin i:l: s~:n~e :::;f b~ir:g i~bt(: tn ndresh 
rne OOflting oi1 th~ met.ii mot<! swriace al a n.ibber pro,ji.:c! (e,g. pneumatic tire) manuiactu,ing Uicii1ty, par\icw!ar!y where 
t~ thki r.:08-Ung it; de~.ir~-i to be appHed by ~~:r~ t3;1r::gy v.nd po!ytner pn3,c-,ursor effldi~nt :nt!thod . 
. [0031] For a batch process \~bere~n an obJect is. e~posed to an ~'\ttnospherlc p!asrna. U1e object rrn:ty be exposed .. fOr 
ex~.n~pte~ to the pta~>rn~ for a pBriod of fr\1n) i to iOO $~3~~onds. 1n ii ~~ontlntKlUS prtlc,~s~: th~t ~3xpi:;s~3Ufi3 ti:n~ n:18y b9 

~·s cf~s:racti~fil.Bd by;~ H?.Bi~jEH1Ct1 t.::1:t? f~XPfi':)SSE:·fj BS H-tt: !t~ng1h or dn:urnfHHH1C0 of th~~ Dt~jt::d. ~o bE~ trlSatBd {H.g. :r~ c,0-ntfrnt::h~:-s} 
w,tl1 the plasma tord, div'1cte<1 by the tort,r; ve!oc1t1 (e,g. in cmfeec) m,11t:pilsd t,y the nurntier oi plasm::i treatments appiied 
to iht:· objE:·ct The- rt~si<lHnc~: ihnf: in sutf1 ;~ canHnt:et.m ptoi:Hss \·V<HJkj th.Bn ff3ng~:!. for-· {:1:<.;nnph:!. frorn 0 .. 5 tn 100 s?~conds. 
t0032l riw fklw rate oi ato.mized precursor into trre plasm,, g,,,nsrnt,'.)r ns,-:;ess,,,y to obta:n _,m effective amo:.in! of 
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po!y,Nirized or pi:trtianv polymerized precursor onto the mokl suiiacl:> wlll dei:,end or, the d,e:3,1'ed i£ice vefocity in \he 
pfasn:a gf:n~r~ltcr, i.e. the ga$ ve~od?)( {e"g. in cn:1lss;Ic) €3XWng th~ phisrr:~ltorch. Ne(:)~Ss~u·y no~ .. ~ rati:3: rnay be detern:ln~d 
by ~)ne sldHad In ~he art \~'itix~ut J.H1dtH~ experi:rnenWHon, 
[00:33] Ths fo\lcttr~Ang· drav,1 ings are p:rovkrect fer fttrth.er underst~n('S!n~~ Ofthe lnv~nHofi and art~ not ~ntendOO te.1 be ~:n1lting~ 

.a ~H3e! or ~~!urn~nurn sucf:2:t~{3·. SlJC;1 ~~s for w~arnple ~~ cnHt~~l $Urfat"€} of~~ mo!cl f"<:)r n)bb{3r pr,,.~juct::> .. such f~~; foe· ~:<~~;Ycpf~~ 
·u}. t:te.s ~~nd J.ndu&trlat prOO.ucts s:;.:ch ~S· fot exi?.rnpie~ beHs_. hoses, tr~~c~~s i?..nd sftoe$:., p~rncularty t Ure n:ctd~ 

[Gfl35} ln Figure 1 a si't~i:I p!;:tlf;: i ~ k> s;~n •:jb{S!.stetL 
·1s {OOSUJ To~ cyHnctrical ttgcM 2 ctevke. is. fed a stre-an1 ·3 of ~rgcn g~ts lnwn.ict1 the f~rgon ·g~s is c~us~i to pass tt"irougr: 

b0D.-rfi:Bn pr:=-sfthlB ;3nd nf:gativt;; 0{f:f;fro•:j0~~ in k~niz0 H1i~ arg-un g.as to~~ f~1gh ~~n0rgy i.:::vBl ;it~~ fie}!>~- r·a{B u~r<..)ugh th?~ torc:t-1 

2 o'evice of at.lout BOU mers/ho,1r ( I/hr\ 
[0037} Tt; H~t;· ioreh 2 ~Je~/{;B i.s ksirod~J{~t;{j a ~>fn;~~:1c t.3f :::torr:lzBd pn;-t;;i~n;;or 4 c.;~ffit:t,3 by- ~3 carrk:r 9~3s 5. n;:u:H~ly argon 
gas \~lMe(e the a.tornl·zed pre·cl:rsor 4 straarn( narnsl:y· ~ pohn'"'oar pr~cwrsor~ is fntrot1uced in1o the strearri 3 of argon gas, 

~~:: at s:Jbstant1atly f:mb:ent atrnosphartc press~~m~ ln th~ noz~::::i~ fi of the torch 2 device· to cf eats a plasma jf!t 7 cornp.rislng 
the f~tre:}Hrn 3 of i,on~zt~:d gBs \~·t:ich contains the ~~ten~ize:n pr:c:~cun1:lJr 4. 
[00l8"l Tl:e plasn,a w,1 7 is passed over tne sleel plate ,, to dspesit a lMin polymer ,x,ating 8 or:to the steel piale ,, 
cn~,~1tad t}y th~~: t3ton~i2J'.:tj pn~ctff$Of 4 i>:)ntained in th<:~ sfrE~an-i 3 of loni.:?.i~d ~1rgon gH!S 
i0039:J The jnve11tio11 Is further desl'..'tibed with n~fotefics to the foilowing e::,;amples, 

{0040] !n ttlis ex~mp!e, lre,3tments <)f smxlbiastad steel ph,~tes by mi ;;,tmo~;ph~iio pl~sn,;;, jei by wt1ici1 ,i po!ymeriz,,b!e 
precursor is ~n~rodu(~erj ~~r~ evah.1.atsd for provkHf:g a co~tlng of poiyrr:~3r on ih~ Bteai s:._fff.ace .~n(j con1parE:d lo a t;teel 

:J(: pJate vvm~out ~;uch treatn::ent 
t0041l The plasma is provided i:ts ,m ell:>Ctricat -:ire.formed ionized argon gas to wrilch ;:in aton1i2ed ,lqwid ,x,lymerizi:ttils 
prBCtffsor ~s lntrcducH·d. /l. p~)l)(nH~riz}~Uan o:f the pr~:cur~K}r l,s pr\.1n1otn~j by· H1f: h~gh!y lcnfzt:'.c: ftrgqn g~3s in 2c sBn&B being 
Ji~ a nat:Jre of wh<l! is bei!eved to be a free rnclica! po!y,)wrization process. 
(00421 The liquid pofyrne-r:2:::lb!H precur~~or used \V&~ c<)IT1prislng 70 Wi3~gMt p~3rtt?nt h0x~3n-~elhytdJ~:lkn•:,.ane {Ht~ .. ~OSt)) 

:,:.i and 30 welgr1t percent 'lHi1H,2H,2H,pen'k,orooctyl ,,cryl;::te {PH)A), 
.{0043] F{)r tf:i.~; i~V&ilJ~~Hon. 1 r;n1 by· 3 z;rn st{?Hl ~:!f3t0s \.V~3r~! p{)$itf{}n~!d on a t~~b[e ~~nd ~H~k! ~;t_atk:~n.ary \-~iii!e the ph~SITH3 

jet VVBS BppHed by th::~ pif:Sn~a tcHCft difVi.c.e \~he:-~~ the ph:=sJna j~~t \.~./~3$ O:)rnpr!sJng the higft ":~nefgy k:tni2,(:X~ :.:tB)GB gas 
ccntafning the atorn~zed Hquid polyn-:erizable. precwrs-or for ·~~lhi.1:::-t1 on~} or nii:xe pa$$•e:s cif the tc>rct: dev:oe~ and thereby 
!be ii;!_ cw&r the mxf,3<:Ei ef thi:> ,,t,~~,! pl13tfa,. 

-~tJ [00441 .~n ~iectnca! :arc po\~ler of 70 V~tatts \~as. provided through which th~ a~"'Q'0:1 ga:s. \Vas passed ~vittdn th6' torch 
di~vlc~~ to c.aus~~ its ~on~zHHor:. 

{tl045J The argon gas now rnte tr:mu;:iic the torcri was £itlout BOO iitersihowr to whtch an at,::,mized Hq,1ld po}ymer,;rnble 
precursor ts injsctf:•d to f"crrn the plasma torth . 
.{0046] Th.a p:a~ana torch con1pr~sed of the Ionized :-:irgon gas·;.~nd po!yrner·:zabJe precur~~or f~~ directed to and thetet~y 

~1 appfo'3-d to the Sl~rff~oe of the si:eE:l: p~ats ~r:- or:e ~nd th~!~3 p.asse&. Th,~ p~do(i of e>~posure fo1'· ~=ac.f: pess ~VEJ·S ab(H~t 15 
seconds. 
[0047] Three san1p~es ci the ste61 plate \.Vt:ire ev!2tluated .~nd identffl$d herein as s.arrtp1es A< 8 and e. 
[0048] Tha surfa<:~ of Bil of the s~ee{ SarnplHs f~Bd been p:-e--~~Hndbl:l~,tHd \t~/Rh B: fine grafn sand~ 

{00491 f..;ontnJJ Ss.rr1pie A \'vas a steel ptate w-:tr:out '?.xposura t1y th•e p.1B;sn1a: torch .. 
. 50 [00.50] E:<pedn~enf.,:tt S-arnpirl 8- \<.;\~ls i3 slei::1: pl~~te tc.• V-lhk:h <..~n~~ p~~s~ 01~ thE'! pt~srn~ ·kirch \\l~~s -appiie:(i tc= dr::posh th;~ 

prectffso, in a form of a pol>1mer l~yer on the steel plale, 
fQOS-1 j E:x.p,;rt,r;,,nta! S;c,rr;ple C ww, " i,teel plat» to whkJ, !hme imfr,:idu;~I passes of the plasm,, torch w,,s <1pp!ieri to 
deposit the precursot ln a ttrrn of a· polyn-1-:2:H ~ayer on the :steel plate in a n~on~ hornoge.noot.is fOnr: therefore redudng 
the OGCU~T~3nt.~ of pin holes. 

~·s [0052] TtJ tlt~?- stf~-~~i p!Bi0 Control S~3:n1p,!t: J..\ and EKpt;rfnH?.r~h3~ t~n!yn-tt!t coatt~rj San~p!i:s. B ;:HK~ G •wi:;rH ;~pp!h:~ ~uffut 
curnbis rubber b!ocks an<l the rubber blocks cw-ed w,dN c;;:mdlt:0ris of elevated tsimi:,sr-:itllrs Md pressure against the 
CnntrcJ an?j. Expt::rkni3'n~a! stf.?B·l p!Htes {fGt ~:<arnplt~· f~~ a tBn<p:~~n3h.ffH nf ;:):t.:nut ·155·"C for ~lb:::-:tt:t 35 rnk::J!Bs). 
tOOS3l After coonng to room temperature (aho\.!t 2;J'C), the s,1ergy needed t,-::, pwll the cured rubber h/o,:;~,s from e;::ch 
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of tie stae! p!ate Contn:.-, S;;m,p,e A ar.ct po!yrnar co~ne-:: Expenrn<.:intal steel pi-:ltes 8 ,md Gwas ;r,easorw and reported 
1n tho, fo!k:,;v!ng T;;ible 

.:\ {Con1ro}) 0 

' ,. 
3 

438 

{tl054J Ftom Table 1 i! can be seen that the energy newed t,;:, p,iH !he cwrnd rntiber off of lhe steel p!ata drasticaily 
d0cr:t,:a&t_:.:,:: \~(t:Bn ~~ p~~isrr1~3 o.::;aHng i:E~ ap.pfa3-d ;~s t~)rr1p1:l:H~<..i'to ;he n::fert?nc~:". or eontro[ .. ~_;h~~!l p!;:1!~~- Hl~;Jh-:;r rH.wnb~jr of 
_p~s-se·s !~ads to a rnor~ hornoqen~ot..~s ooaUng and theref,jre better rei~~iSe per-fon·nar:ces .. 
{005$.J Thts ~s considered as beJ.ng signit}c:2ant ~n a s:ense of that a thln p{asnia co.~tsd po!vrnertrad lt~)UJT plays the R1le 
of a re}ease co:aHng. 
ftl056l Th.arefora, it is C<:.•nc!1xied th;,t the ,.,w,,; nf (::•erformanc~ of ato:ern,,n!io;wd pl;,;sma µoiy,nm"1s ;,;s a miaase coating 
~s sh~i!ar to the. onH obi;:)~ned "}iHh 0,;h~ff rnOrH irn~)itfon:3: feiease co:3tingis .. ~n ;:~dd:Uon, the p!~3s:-r1~3 G0:~31:ng prnc-c:"}SS c;~n 
be dons onsite us:ng minirnai ~rn-~unt$ ot" energy~ cher:nic~ls tH1d handHng whHe pr(>Vidfr~g i'!ex.tbWty, i)::1.-cternand rno~ 
c(1a!ing as '..Ni~H ~3s the pos~.it~HUy· !<} :autom:~~i~ tht~ pfa~srna cqal ing pn:::ice~~~L 

Cla!ms 

_1-.\ rneH:oct ~yf tre23ting ~~ rnetal: ~~urf~~ce of a rm.)~d fQf' rnokfrng and cur:ng n.Jtsber pnXhJcts-~ t:·ie rnett1od co:npdslng 
~pplying sr: ~tfftospheric ph:isn1a co~-·nprtsing an ionfz:ed .gas contfiming S: p)ly:rrienzable pre·cutSor !o s rneta! rnokHng 
~H.Jrf~H~i~ :]f tht~ rnc:!d cnet;;~f surfaeE_~ to fo-rn~ Hnd bor-ld .a pofy'fn0:' Ja.yf:r of pl~t~H1:a p<..1!yn10rl-:.H:X.i pnu::u:-se;r on th<~ :notd 

rnetal: surfi?..ce. 

:-3.. Tht~ rnetho•:J of d.aJn~ 1~ or 2 ~~-herein lhE· :·no!d is a rnold for rno!d~ng and. cur~ng pneurnHlk: rt:t~ber tire-:·s tJr n.:t~be:­

µ;-o,::lucts cc,m;:::rising b-alts, hc,ses, vshicdar trnd: p«ds or :shoes, 

5. 

The matnoo of 1:lt !east on" oi tl"Is Pf6Vious c!a1rns whe1-~ln .the poiyn·,er,;rnble precwrwr is t,n atomt:::ed liqu,d p,)iyW,· 
.E~-tiz.ablt~ pcecu~·sc-r c:ontaint~d h ::~ ?~~3rc·i~x ~Jas for tt1i~ pr:t;curs.or Bnd .lntroducBd ~r::to said ~:)niz.H~j g~3s. 

Th~ ;Y1~3t;1od c1f ct~~i.rr: ·: Qr 4, \VrH~r(~in th~ carr{t:r gf~~, k~t ~,ak.1 poh/rru:irlt:abte pH::curscx and/or Hte ~csnlz:~d pias:rn~ g~is 

cornprlse-s ::li teasi ane· of >:1rgor\ ~te}lufft neon~ xeno:\ oxyg~n~ nttr9gan~ n:trou$ oxk1e· i.~r~d C-i~roon dic.\.xlde, 

6.. Th~ rneihod of at h~fffEt one of the previous dahrm vtheteln ihe pn:!cursor ~s H polyn~eri2:abh~ rnonornai con:ptising 
a:t l~a·st on~: c{ ctisik\)canes: dlsllazane~~ p~rfluor\'.'Jitef':lk~:tesc nuor!n~H;Q sHane&~ '.tfnyl:ident~ fh ... KsridB~ 

The method of at !e;;ist one of lhe prev1ow:s claims wherein !he precursor is a polymerizable 1Y\Onomar corn;:.fising 
~t !Hast one of atky,!clh>Hc:x:~tH3' ca.n-:pd~>ing ~Hlx;;:n-:ethyklisHq.x~~ne; citsViazan-e CQJnpr-lsing he_'.<~n-:1eihyldl~:i!H2:;~f:e: f}uor--
1nated snana compns:ng i H. i H. 2H-pmfluorooctyltrietnoxys,iane, ·1 H, '1 H, 2i+perfo.1oro-·1~a1kyiena Wh$re1n tM 
,i}i<y;eni~ gr(n;p w:-npr!sei, decen:3, od:1:,m:l. hexem, or buttme gn:n;ps, or 1 H. ·: H. 2H-pt:n'lu(JW- "!,,~IK«noi wri;~:-:ein 
t~~e alkanol group oornpdses or deca·not ocl~nol. t1exanol" or owt~tnol gro;,;ps: ·vinyHdene ftuor·ld~ and fiwodna.te·d 
co~npot.inds co.r-npdsin~:J at fs:}ast or~e of p{5rHuorornt:thyk,yck;hexi~n~:i perf:fuorodln1ethy!cyctoheKan~:. ht:{Xafiw::rob-~5n~ 
zHne. pt~:tf:uorofneth~/l vinyl (:"'}th0r, pt:rfh.h~Jro~~tl'ly·l vin~'l Blht?l; perflt:oropropyl '.tiny~ r~tfiBr., p~~dkK~r,x1inlethyk:~{Gk~J;:u,· 
tar:s. (::•ert1uotomethy!cy-c!opentane, parftuntonwthylde<:alir1, tet,.1:"tfiuoroetny!e1:sl, hexat1ooropropylene and psrfiunr, 
nt~Biyt ~:ihy~nt~, 

it Tht:·~nt:ihod of ~3:t l~3i3·st ont: of ihff pri3Viou~:; c!;~kt1~;·~~:hl:.~-rein thH preGt:rsGr :s. a p~:tflunroac;rylah~ cD:r11:fJrLsi:-1:g at if~as~ 

one of periit.:oroocty!acry!ate and pett1uoraoctyimeiriacryla!e. 
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1 o. The methoo cf c!"';rn 9 when,,}!', the peniuor,::,acryiate c,-:m1pr,ses at least one of pert1wo,coctylaci-yiate ano perlluorooc­
tyimethacry!ate. 

11. The ;11sthod of at l~Jast one of the pr~vk1u~ dafrns \,:~fh,t~reln thf3 pre{•;ur:s·or is a d~sHbXfH1B cornprfsi~g hexarnethyldis-, 
H,32:<me. 

1:t Thf. rnelhod of ;,'\t le~mt one of tt;,~ pievbws daims whei·eln the prncl::·si)r is <l fll,orlnated mmpomxl !X}rnprising ::it 
!east one of ·i H. 1 M, 2H~periimxooctylMethoXy'>l!ane. 1 H, ·l H, 21--H::eri!@m~ ·,-,~li,;ylene, ·l H, ·1 H, 2H-pert:uoro- ·i • 
~~:~K;;:no\, perfi~.~Ot(H1H~thyfr~ycJohB.x~n0j perf:t$)raciin1 ethylr::ycfoh~.K(1n~: h(:.>:~iki(Jrob~nt:fi:t-te, pi:irfJU<)ron1eH'1yt vinyl 

·w ether. perf!worQettsyl vinyi ether, ,:ierfluoropmpf! Yi1~yl ethe,. pe,!l;.1orcdime!tly!cycio!:l,;t,me, perfluNomethyicy-c!open­
tane: perf:uorocnethy!det~t;)lnt t~tr~~f}ucwot3thy-f~3ne=· he.xafl~Ji.:nuprop~flenf: arn:j p~3rfi~K::robutyt ethy!etu3:. 

·rn, A method Qf ptep"',•ing s pneumatic rubber t,re comprising molding and cming a pneumatic rubber tr1·e ir. !he mo1d 
uf d,iim i:3. 
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laboratory consumables, which are treated to prevent retention 

5 of reagents on the surface thereof, as well as to processes for 

10 samples as possible so as to avoid retention of these on the 

Retention of these in 

IS any significant prnportion on the surface of laboratory 

handle the samples or reagents used in these types of reaction 

can affect the results significantly. Furthermore, since many 

or as t:ho·.:se used to produce pipette tips 

25 in order to reduce retention. Other approaches have included 

and in particular onto fabric surfaces. 

this is done in the presence of a substrate, the radicals of 
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containing repea~ units that bear a strong resemblance to the 

s The properties of the 

15 According to the present invention there is provided a 

20 

of f<)rlnula. {I} 

R: 1~/_.R3 

R/ ·~ R4 

where R1
, R2 and R3 are independently selected fD)m hydrogen, 

alkyl, haloalkyl or aryl optionally substituted by halo; and R4 

integer of from 1 ~o 10 and Y is a bond or a sulphonamide 

substituted by halo, pis O or 1, q 1s O or 1 and t 1s O or an 
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10 Generally these will be single use disposable devices, although 

cleaninq of some type, 

15 tips, filtration membranes, microplates (including 96 well 

specimen tubes, test tubes, blood collec~ion tubes. fJ0~ based 

tberniosett i ng .r.es.in.s" the r.·tno1)l&stic res i:n.s :po.Lyol€ fin st 

tetrafluorethylene (ETFEl, ethylene-cholortrifluoroethylene (E-
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4 

pipette tip. By utilising the mechod defined above, highly 

advantageous pipette tips have been produced. In particular, 

5 both the inside and the outside of the tip are enhanced, 

allowing much less binding, reducing loss of liquid and 

10 and oil repellent, and also resistant to clogging. They may 

contamination after wa~hing. 

Furthermore, the enhancement material is molecularly bound to 

tip in use is virtually eliminated (as can be illustrated 

tips are more accurate and reliable, and reagent costs can be 

Si.mila.r advanta9es aec.t:u.t:~ in r.el£:.tion tf) other J.at}o,rat.c)ry 

(including mi,:::t:ocent:riftHJe t.ub~~s) ,H:id microtubes. 

virtually no l.iquid is retained therein is a significant 

advantage since it means that accurate dosing of materials, in 

particular medicines and the like, can be ensured. 

from the modification of the invention are membranes such as 

Ex. 1028 - Favored - p. 320



5 

5 

f.Llt:ration rn:,~nlbr.anes .......... 
'v•l, 

necessary for liquid to pass through the pores of the material. 

ln. tl1e case of 

gold or latex particles are required also to 0~ss through the 

pores of the membrane. 

fulfil these functions, they are generally made of a liquid 

significant quantities of liquid will be retained within the 

can continue to pass through them, in particular when a 

pressure is applied to the other side of the membrane to draw 

the liquid through. However, larger particles will nat. 

However, substantially all the liquid applied will pass tbrough 

30 etc. find w.U.1 be ckte:cm.in~,d ,.rninq routin.e methodt, and/or tb.f, 

non-equilibrium plasmas such as those generated by 
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kn(n>l1n in the In particular however, they are generated by 

Particular 

15 

particular helium is a preferred carrier gas as this can 

procedures which are conventional in the art. The amount of 

25 woxic>trE,::r added will depend to ~,ome extent: on the natun"= of the 

particular monomer bei~g used, the nature of the laboratory 

rn some instances, 

from 100:l to 1:100, for instance in the range of from 10:l to 
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selected will be so as to ensure that the flow rate required by 

the process is achieved. 

5 stxuck for example for from 2-10 minutes for instance for about 

This may act as a surface pre-

readily to the surface, so that as polymerisation occurs, the 

coating "growsN on th~ surface. The pre-treatment step may be 

10 conductE!d befo:u~ monomf,:r is in.t.n>duced into the cha.mber, in the 

presence of only the inert gas. 

15 present .. 

In a1J cases, a glow discharge is suitably ignlc~d by 

~rh.is i.s 

of at .least l standard cubic centimetre per minute (seem) and 

1:n the the monomer· v,,1pm.11~, th.is is stt_Ltabl•:l 

30 pulsed voltage is applied. 
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tA 200mtorr, suitably at about 80-lOOmtorr. 

The applied fields are suitably of power of from 40 to 500W, 

suitably at about lOOW peak power, applied as a pulsed field. 

10 The pulses are applied 1n a sequence which yields very low 

average powers, for example in a sequence in which the ratio of 

average powers obtained in this way are O.OlW. 

20 the compound of formula (I) and the laboratory consumable etc. 

25 
A particularly suitable apparatus and.method for producing 

described in W02005/089961, the content of which is hereby 

incorporated by reference. 

30 

0.001 to lOOw/mJ and suitably at from 0.005 ta 0.5w/m 1
• 

35 
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25 

30 

9 

::::ba?nbers whe:r~~ th(~ r:1asrn-a z<)n.e b~~s a \tc,JunH~i <)f qr·eate-r t: han 

500crrr:,."' fo.:r. instance Ov5:tn 3 {::r n1.orf..~, such a.s f:corr~ O .. :itn$·-·lOn1~~ and. 

The layers formed .in this way have good 

mechanical strength. 

The dimensions of the chamber will be selected so as to 

rectangular chambers may be constructed or indeed cylindrical, 

or of any other suitable shape. 

processes, or it may comprise inlets and outlets for laboratory 

atmosph2ric pressure, or close to, negating the need for 

~whistling leaksu 

Suitab.le haloalkyl groups tor R1
, Ri, R' and Ri 

The a.lky.l ch1:iin::~ may b.e strai9ht or 

For R~, the alkyl chains suitably comprise 2 or more carbon 

35 For R1
, R~ and R3

, alkyl chains are generally preferred to have 
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Preferably R~ is a haloalkyl, and more preferably a 

Suitable alkyl groups for R', n~ and B1 have from 1 to 6 carbon 

at\-:;rn.s A 

a p.;n:ticular embodiinent R\ R\ R·; ,;.1.X:e all hydroqen, in yE"d: a 

fnrtJ,~~,:- er,,boditu1smt t1owever R1 is an alkyl qr.oup $Li.Ch ~,.ti ftH:.ethyl 

<:,r propyl. 

15 Where Xis a group -C(O)O(CHi)nY-, n 1s an integer which 

provides a suitable spacer group, In particular, n i5 from 1 

to 5, preferably about 2. 

_pa:rt:.ic:.u1a.r m-ethy1 or etb.y.l,. 

formula (I) is a 

25 

is en acrylate of formula (III) 

35 {III) 
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5 

(!V) 

where R1 is as defined above, and in particular is hydrogen and 

x i.s i:i.n :1.r:teqer C)f frorn 1 tfJ 9, for .l.:nsta:n.c?.~~ fx~orn 4 t.o 9 1 a.net 

lH, 1H,2H,2H-heptadecafluorodecylacylate. 

In a fu~ther aspect, the invention provides a method for 

(0 

alkyl. halaalkyl or aryl optionally substituted by halo; and 

R4 is a group X-R\ where R5 is an alkyl or haloalkyl group and X 

25 integer of from l to 10 and Y is a bond or a sulphonamide 

substituted by halo, pis O or 1, q ls O er 1 and tis O or an 
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poiynreric layer to form on the surface of the laboratory 

Suitable monomers and reaction conait1ons tor use in this 

10 method are as described above. 

The invention will now he particularly described by way of 

15 E :0; arttE1 e l 

Pipette ___ T:i.ps 

:(0.1XJ.X1q' 

After this period, lH,lH,2H,2H-heptadecafLuorodecylacylate (CAS 

30 # 27905--45-9) of formula 
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seconds on-time and 20 milliseconds off-time at a peax powex 

5 plasma power was turned off along w.Lcn the processing gases and 

10 It was fourxi that rh~ pipette tips was covered wisn an ultra-

non-binding, pin-hole f.ree modification that had a surface 

coating was distributed both inside and outside the pipette tip 

15 

20 Examol,a 2 ~,.............................. ----, ..................... . 

By using the same method as outlined in Example 1, cellulose 

It was f~und that 

25 despite the fact the plasma enhanced paper appears the same, 

appearance or feel: repelled water to an extent tha~ the water 

fo~med beads on the surface which roll around effortlessly. 

Despite this, the droplets could be forced through the 

but can still carry out its filtering capabilities. 
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Cl.aim~, 

R1 R3 

>---·< 
"··4 R· R 

is a bond; a group of formula -CIO)O(CH:lnY- where n is an 

inteqe:r of i'i:orn l to 10 ~,nd '{ is a bond <:H: ,~ su.1phonamid~~ 

IS substituted by halo, pis O or 1, q is O or 1 and tis O 0£ an 

20 

tubes, test tubes, blood collection tubes, flat based tubes, 

25 curvectes, needles, hypodennic syringes, sample vials/bottles, 

JO 
4, A laboratory consumable according LO any one of the 
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5 

15 

25 

30 

15 

compound of formula (Ill 

(II) 

{III) 

{III) 

compound of fo:rmu1a (1) is a compcurid o:E fo:r:mtda {III), 

cornpoun,1 t)f formula {IIr) is a c<;rnp<.rund of .forn1u1a {I'V) 

(IV) 

where R1 is as defined in claim 4, and x 1s an integer of from 

l to 9~. 

compound of formula (IV) is is 1H,1H,2H,2R­

heptadecafluorodecylacylate. 
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25 

30 

R1 R3 

>--------< R R4 

16 

'I" (. l 

alkyl, haloalkyl or aryl optional.ly substituted by halo; and 

R4 is a group X-P~ where R~ is an alkyl or haloalkyl group and X 

is a bond; a group of fozmula -C(O)O(CB))~Y- where n is an 

substituted by halo, pis O or l, q is O or 1 and t 1s O or an 

th,;m 0, 

in a gaseous state for a sufficient period of time to allow a 

cons:.1rnablc ... 

as a pulsed Eield. 

11. A method according to claim 9 or claim 10 wherein applied 

~olcage is at a power of from 40 to 500W. 

12. A method according to any one of claims 9 to 11 wherein 

time on: time off is in the range o.E from 1:500 to 1:1500. 

A method according to 12 whe.:c{~ in 

pulsed in a sequence where power is on for 20-SOµs, and off for 
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the voltage is applied as a pulsed field at for a period of 

5 15. 

16. A method according to any one of claims 9 to 15, wherein 

in a preliminary step, a continuous power plasma is applied to 

17. A method according to claim 16 wnere1n the preliminary 

15 lB~ 

the compound of formula (I) in gaseous form is fed into the 

voltage is applied. 

20 19., 

the plasma is created with a voltage at an average power of 

f:tcm1 0,,, 001 to S OOt1 /rn.·~,,. 

20. A method according to claim 19 wherein the plasma is 

created with~ voltage at an average power of from 0.005 to 

30 0. 5w/rr?, 

{II} 

{ 1 r) 
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cl a irn l i o.r. a f. o:rntn:La 

( 1.IT} 

5 

~.::~ho.1<)a1k·yl .. 

rn 

15 

(lV) 

where R' 1s as defined in claim 4, and xis an integer of from 

1 to 9. 

20 
26. A method according to claim 25 wherein the compound of 

21· A laboratory consumable substantially as hereinbefore 

;~8 > ,.!->~ n1ethod fc~r re1'.juc:j_ng 1.iquid s.t.n11r:,l e r~etA~nt ion {)":./ a. 

with reference to the Examples. 

30 
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Open gate valve and 

turn on v;:1t.uum p1m1p 

·r 
Close gate valve and 

open fluid inwit 

I 
! 

Open gate valve and 

1ixhau$t waste gase$ 

v 

.,., 
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Surface_Caatings 

The present invention relates to the coating of surfaces, 

5 

20 presence of a 5uh5t~ate, the ions, radicals and excited 

conventional polymer synthesis tAnds to produce structu.res 

the coating and efficiency of its deposition can be increased. 

35 
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Residency tims ~s the average amount of time that a particle 

residency time. Lik~wise, the slower the gas flow rate, the 

great the likelihood that it will undergo a deposition process, 

3itu fer a period of 

time during which molecule~ of the a~nomer are prevalent in ~ne 

30 pn~ssure within the optimal range. It is desirable that the 

Ex. 1028 - Favored - p. 340



The processing chamber may be provided witn valve such as a g0~ 

monomer. The ezhaust gate roay be actusted to open, closed or 

and allowing the pressure to rise. Exhaust gas may be expelled 

20 achieved at cne beginning of the cycle. 

effectively removed; this allvws the pressure to be brought down 

polymerisation. The use of varidble pressure cycling enables 
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the monomer in situ (increase its residency time) so 

cycle. Time cycling is particula~ly beneficial in that it allows 

10 

ct~ least partly evacuated if the pressure falls outside the 

]5 

:-h;:. 
•.• . ~. ~· 

such as hearing aids and mobile telephones, as it pro~uces a 

allows ~ne cycle to be of good length, gives the monomer a good 

30 The variable pressure may ne maintained t~low a maximum 

35 

approximately 60 seconds. 
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The m~tno~ may comprise exposing ~n~ surface to two or more 

10 

.. ·" ' -=.:tp p _:_ ). ~:: '.·:,,; 

20 

25 filtration membranes, electronic devices {including mobile 

30 
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Suitable plasmas for use in the method described herein include 

They 

may operate at atmospheric or sub-atmospheric pressures as are 

known in the art. 

10 

in which plasmas may be generated. Particular examples of sucn 

]5 W002/28548, but many other co~vent1ona1 plasma generating 

apparatus are available. 

ch3rnber together with the material to De deposited in gaseous 

The gas used within the plasma may comprise a vapour 0r the 

gas, in particular, an inert gas sucn as helium or argon. 

30 ' ' 

c~~~I~ t ::.. f:~:c ~J.:::.~~ =~ ~~-
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lSOmg/min. Carrier gA~ 0•1ch as helium is suitably administered 

at a constant Jate for example 0t a xate or from 5-90 1 f~r 

In some instances, the ~~tio of monomer 

to carrier gas will be in the range of from 100:I to 1:100, fo~ 

about 1:1 to 1:10. The precise ratio selected will be so as to 

10 struck for example for from 0.5-10 minutes f0r instance for 

20 

25 are internal. 

vapoux or gas mixture is 

30 

sed voltage is applied. 

35 
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may be drawn into the chamber as a result of a reduction in the 

10 40 to lSOmtorr, suitably at about 80-120mtorr. 

more suitably about 2W, applied as a pulsed field. These powers 

power density can be used. F0r n0pos~ti~n 0f the polymeric 

layer, the pu.lses are applied in a sequence which ylelds very 

low average powers, suitably at a dvty cycle of up to 10t {l,e. 

20 is from 0.1\ t0 li. The on pulses can be long er short. 

The fields are suitably applied from 30 seconds to 90 minutes, 

preferably from 5 to £0 minutes, depending upon the nature of 

30 in accordance with the invention is described in W02005/08996l, 

plasma is created wiU1 a voltage as a pulsed field, at an 
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500cm', for instance O.Sm~ or more, sucn as from 0.5m'-10m' an0 

suitably at ab0ut lm 

10 

20 far example yarn, to allow it to be utilised in a contlnuous 

25 However it will also be possible to process certain items at 

30 
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a group X-R~ where R' 1s an alkyl or haloalkyl group and Xis a 

atoms, suitably from 2-20 carbon atoms and preferably from 6 to 

12 carbon atoms. 

]5 

Where Xis a group -C(O)O(CE l~f-, n 1s an integer wn1cn provides 

preferably about 2. 

35 
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l~~rticular methyl or ethyl. 

5 

fII} 

{III) 

in relation to formula 

20 

(!V) 

25 

is an integer of from 1 to 9, tu£ instance from 4 to 9, and 

3(! 
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0 
H . __ ,,..,, 
H)=="'..R )(Cl--l2)n(CF~JsCF3 (V) 

where ?8 1s hydrogen or methyl, ethyl or propyl J~v~~- an0 nm 

5 t;:, 5, 

20 

limited ~o", and do 0ot exclude otner moieties, additives, 
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features di3closed in this specification {including any 

characteristics, compounds, chemical moieties or groups 

10 uniess incompatible therewith. 

Moreover unless stated otherwise, ~ny feature disclosed ~Q
0 e•~ 

-:--h,:. 
•.•,·. ~ . ..,. 

25 simµlified from in tigure ~- A processing chamber 10 has a 

partially or fully) When opened, the gate valve allows ~~-te 
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gases to be exhausted and when used 

gases. In a second step 26, the gate valve is closed tor at 

25 maintain the desired ~~uid~n~ 1 time cf the monomer. The cycling 

for the deposition 

Th~ cycles may be :;,.,c based or pressure La~~d. Jn the case of 

35 time based cyc1ss, the controller further includes a clock or 
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5 

t5 

(RFI geoer~tor wa~ usea tn p0w0r ths el~ctrical ci.ischax~e. 

placed into the centre of the chamber, which was then evacuated 

A pulsed wave (PW) , . .._.r .... · -~ 
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monomer was injected into the chambez; 140 shot~ with 3 seconds 

oetween each shot. 

During the PW ph&se, tne pressure within the chambez was cycled 

the gate was opened by a fixed percentage {between 50 to 100%}. 

EOseconds and the cycle repea~ed. This was repeated for the 

10 duration of the PW cycle (i.e. apprcx~uately 420 seconds). 

20 measured. The test5 were carried out en the coated heari.ng aid 

surface and also after the coating had been 5ubjected to 1,000 

cycling are listed in the table below. 

25 

i eonditiOOs Ti£11tial CO<>tact T COOtact angle after -

• ......... ,,~~~~~-.. ···························"'--.,,,,,,_1 Mg1e (:~::a=) _J~~;~;~::i.~o~n~s~~~~ I Nit:,. prE:.o. ~,~u:e :L i)8. 9,'} ' LU). ?8 

~ G'}/C.L ~L ftq 
.. ... ... 4-..... ... ... ...... ............................................... ................................. .. ........................................................ ,,,!,,',,,, 
! \'9:'.thout pr·i~SS\n:'fa I,, 1.03.~63 99.,,03 

i C)(C.l,i.n.9· 
' - - - - - - - • -n•~·~~~~~~~HH~~~~~~~~~~~~ n - - - - - - - - - - - - - - - - - - - - - - - - - - - - -~~ ' H~~~~~~~~~~~~~~~~~~~~~~~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - • H~~~~~~~~~~~~~~ ~~~~~~~~~H •• - - - - - - - - - - - - - - - - - - - - - - - - - - • n~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ' 

Table 1. 

As seen from table l, higher contact ~ogl~s are achieved with 

pr&ssun~ cycling (b0th initially M~0 after abrasions). This 
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150W for 30s, during whi~h the n~n~ner was injected lnto the 

between each shot. 

measured. The tests were carried out on the coated hearing aid 
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and without pressure cyc11ng are listed in the table bel0w. 

f Conditions l Initial c¢ntact I Cont.act an.qle after 1 
I I angl~ {a"''~u::-age) I 1,000 abra:ion~ I 
l I I (average} I 
l ! l l 
'-~~~~~~~~~._ ................................................................................. _____ ......... +. ................................................ _____ ..................................................................... _____ .......................................................... ,,,, 

nntNc<tc<l 189. 04 Ti. 412 5 

-----------·11J~3875 

~-----------, ...... ,_~ --------~·---.---·~---------~ 
~ 1151}5 

I 
~-~••••••••••••••••••••••••••••n~~~---~••••••••••••••••••••••••••••••--~--•••••••••••••••••••••••••••••-----

Table 2 

As w1cn the previous e~ample, the coating applied with pressurs 

included various substrates of plastic, glass and metal. The 

]5 

150W for 30s, 0~~.lng which th0 monomer was injected into the 

2() 

35 rnicrosecond3 on and 10 milliseconds off (0.35%)t whilst 

25 
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5 

10 tx~aced substrate was then determined using the same methods 

i Conditions · I Avel:'age contact· l Average con.tact i 

I I angle {int;e:t'iox:-) I angl~ (exterior} I 
p r~::~:s .~;1) re 

cyc~t:tn~J 

t:: r .. ~~ ~~ ~~ 1 it· .. :~ 

Tabla 3 

I5 

desired, i.e. it speeds up the p~oce~sing time. 
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20 

5 

10 

1H,1H,2H,2H-tridecafluaro-actyl acrylate, 

15 
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polymeric layer to rorm on tne surface, whe~ein the conditions 

10 

15 

. . 
Jnto a prncessing 

20 4 .~ 

is used to control pr~ssure in and out 

the monomer in the chamber to allow the 

is at or below 125 mTorr. 

A ~~thod according to any preceding clairr~ wherein the at 
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)\ rnet.hod 

9. A method according to any preceding claim, wner~in ezposing 

and in particular 

and 12 cycles and more p3rticuLarly 8 or 9 cycle~. 

10 A method according to any preceding claim wherein the 
........ ~ ......... {I) 

{!} 

2() optionally substituted hy halor 

r•s O 0~ 1. q is 0 or and t 1~ 0 or an int~ger of from 1 to 

10, provided that where~ 

(IT) 

30 (III) 

(I.II) 
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.-:" ..• 'i 

12. A method according to claim ll wherein the compound cf 

JO 

-~ ~: 
.I. -·- t 

!5 
formula (IV) is lH,1H,2H,2H-heptadecaflu0rodscylacrylate. 

20 

0 
H __ . .,,/ 

l~ f "-..,......- \ t~ H)==:<R ~\ l--H2)n1 Cr2.15'-'F3 (V) 

25 th 5, 

1~. A method accor~~ng to any preceding claim, wh~r 0 in ths 
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-~ .•~ 
.-:.":,.. 

17. A method according to c:0Jro 16, wher~in the pulsing 

()n ~- G.:ff 1:200 to 1:1500. 

5 
the pul~ing sequence compriees power on for 20-50 µsand off for 

19. A method according to any preceding claim wherein the 

pa~tlcularly between 300 Wand 500 "· 

is conducted in the presence ot an inert gas. 

20 

2i. A method of forming a liquid repellent coating on a surface 

polymer which ha5 been applied by a method accord1ng to any one 
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PCT/G82015/05052i 24 February 2015 (24-02-2015} 28 February 2014 (28-02-2014) 

Applicant 

P21 LTD 

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of _____ 6 ___ sheets. 

IBJ It is also accompanied by a copy of each prior art document cited in this report. 

1. Basis of the report 

2. 

3. 

a. Wlth regard to the language, the international search was carried out on the basis of: 

b. • 
c. • 

• 

W the international application in the language in which it was filed 

• a translation of the international application into ___________ , which is the language 
of a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1 (b)) 

This international search report has been established taking into account the rectification of an obvious mistake 
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I. 

Certain claims were found unsearchable (See Box No. II) 

Unity of invention is lacking (see Box No Ill) 

4. With regard to the title, 

IBJ the text is approved as submitted by the applicant 

D the text has been established by this Authority to read as follows: 

5. Wlth regard to the abstract, 

0 
• 

the text is approved as submitted by the applicant 

the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant 
may, within one month from the date of mailing of this international search report, submit comments to this Authority 

6. With regard to the drawings, 

a. the figure of the drawings to be published with the abstract is Figure No. _____ _ 

D as suggested by the applicant 

D as selected by this Authority, because the applicant failed to suggest a figure 

D as selected by this Authority, because this figure better characterizes the invention 

b. [8] none of the figures is to be published with the abstract 

Form PCT/ISA/210 {first sheet) (January 2015) 
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International application No. 

INTERNATIONAL SEARCH REPORT PCT/GB2015/050521 

Box No. II Observations where certain claims were found unsearchable {Continuation of item 2 of first sheet) 

This international search report has not been established in respect of certain claims under Article 17(2}(a) for the following reasons: 

1. D Claims Nos.: 
because they relate to subject matter not required to be searched by this Authority, namely: 

2. ~ Claims Nos.: 36 ~ 37 
because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 

see FURTHER INFORMATION sheet PCT/ISA/210 

3. D Claims Nos.: 
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box No. Ill Observations where unity of invention is lacking {Continuation of item 3 offirst sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

2. • 

4. • 

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of 
additional fees. 

As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 

No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

Remark on Protest • The additional search fees were accompanied by the applicant's protest and, where applicable, the 
payment of a protest fee. • The additional search fees were accompanied by the applicant's protest but the applicable protest 
fee was not paid within the time limit specified in the invitation. 

• No protest accompanied the payment of additional search fees. 
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INTERNATIONAL SEARCH REPORT 
International application No 

PCT/GB2015/050521 
A. CLASSIFICATION OF SUBJECT MATTER 
INV. B05D3/04 B05O3/14 B05D7/22 
ADD. 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

B05D 

Documentation searched other than minimum documentation to the extentthat such documents are included in the fields searched 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 

EPO-Interna1, WPI Data 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category• Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

X us 4 822 632 A (WILLIAMS JOEL L [US] ET 1-35 
AL) 18 April 1989 (1989-04-18) 
examples I ' II 

------
X us 2014/010969 Al (BICKER MATTHIAS [DE] ET 1-35 

AL) 9 January 2014 (2014-01-09) 
example 1 

-----
X WO 2011/029628 Al (SCHOTT AG [DE]; BICKER 1-35 

MATTHIAS [DE]; BAUCH HARTMUT [DE]; 
LOHMEYER MAN) 17 March 2011 (2011-03-17) 
page 21, line 20 - 1 ine 32 
example 1 
claims 1,8 

-----
X us 2012/321776 Al (VETRECIN ROBERT [US]) 1-35 

20 December 2012 (2012-12-20) 
examples 2,3 

-----
-/--

[Kl Further documents are listed in the continuation of Box C. [Kl See patent family annex. 

• Special categories of cited documents : 
"T' later document published after the international filing date or priority 

"A' document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand 

to be of particular relevance the principle or theory underlying the invention 

"E" earlier application or patent but published on or after the international •x• document of particular relevance; the claimed invention cannot be 
filing date considered novel or cannot be considered to involve an inventive 

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone 
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be special reason (as specified) considered to involve an inventive step when the document is 

•o• document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination 
means being obvious to a person skilled in the art 

•p• document published prior to the international filing date but later than 
the priority date claimed •&• document member of the same patent family 

Date of the actual completion of the international search Date of mailing of the international search report 

28 May 2015 05/06/2015 
Name and mailing address of the ISA/ Authorized officer 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 

1 Tel. (+31-70} 340-2040, Slembrouck, Igor Fax: (+31-70) 340-3016 

Fonn PCT/ISA/210 (second sheet) (April 2005) 

page 1 of 2 
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INTERNATIONAL SEARCH REPORT 

C(Conlinuatlon). DOCUMENTS CONSIDERED TO BE RELEVANT 

Category• Citation of document, with indication, where appropriate, of the relevant passages 

A WO 2005/021833 A2 (SURFACE INNOVATIONS LTD 
[GB]; WARD LUKE [GB]; BADYAL JAS PAL [GB]) 
10 March 2005 (2005-03-10) 
cited in the application 

Form PCT/ISA/210 (continuation of second sheet) (April 2005) 

International application No 

PCT/GB2015/050521 

Relevant to claim No. 

1 
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INTERNATIONAL SEARCH REPORT 
International application No 

Information on patent family members 
PCT/GB2015/050521 

Patent document I Publication I Patent family I Publication 
cited in search report date member(s) date 

us 4822632 A 18-04-1989 NONE 
-----------------------------------------------------------------------us 2014010969 Al 09-01-2014 CA 2824074 Al 26-07-2012 

DE 102011009057 Al 26-07-2012 
EP 2666181 Al 27-11-2013 
KR 20140007842 A 20-01-2014 
us 2014010969 Al 09-01-2014 
WO 2012097972 Al 26-07-2012 

-----------------------------------------------------------------------
WO 2011029628 Al 17-03-2011 DE 102009041132 Al 14-04-2011 

DK 2477755 T3 16-02-2015 
EP 2477755 Al 25-07-2012 
us 2012171386 Al 05-07-2012 
WO 2011029628 Al 17-03-2011 

-----------------------------------------------------------------------us 2012321776 Al 20-12-2012 AU 2012271807 Al 09-01-2014 
CA 2839402 Al 20-12-2012 
CN 103619493 A 05-03-2014 
EP 2720807 Al 23-04-2014 
us 2012321776 Al 20-12-2012 
WO 2012174054 Al 20-12-2012 

-----------------------------------------------------------------------
WO 2005021833 A2 10-03-2005 GB 2419358 A 26-04-2006 

WO 2005021833 A2 10-03-2005 
-----------------------------------------------------------------------

Form PCT/ISA/210 (patent family annex) (April 2005) 
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 

Continuation of Box II.2 

Claims Nos.: 36, 37 

International Application No. PCT/ GB2015/ 050521 

(1) claim 36 refers to a method of applying a coating whereby the 
characterising technical feature(s) should be disclosed by the 
illustrative drawings; this authority found no clear and unambiguous 
indication in the drawings that could possibly constitute a 
characterising technical feature for a method of applying a coating; 
furthermore, the passages of the description relating to the illustrative 
figures are disclosing so many technical details that it is impossible 
for the skilled reader to determine which one is essential to the 
definition of the invention; as a consequence, the subject matter of 
claim 36 is considered as lacking clarity (Article 6 PCT) and 
The 

non-compliance with the substantive provisions is to such an extent that 
no meaningful search of claim 36 could be carried out at all (Article 
17(2) PCT). 

(2) claim 37 refers to a device whereby the characterising 
technical feature{s) should be disclosed by the illustrative drawings; 
this authority found no clear and unambiguous indication in the drawings 
that could possibly constitute a characterising technical feature for a 
device according to the invention; furthermore, the passages of the 
description relating to the illustrative figures are disclosing so many 
technical details that it is impossible for the skilled reader to 
determine which one is essential to the definition of the invention; as a 
consequence, the subject matter of claim 37 is considered as lacking 
clarity (Article 6 PCT) and 
The non-compliance with the substantive 

provisions is to such an extent that no meaningful search of claim 37 
could be carried out at all (Article 17(2) PCT). 

The applicant's attention is drawn to the fact that claims relating to 
inventions in respect of which no international search report has been 
established need not be the subject of an international preliminary 
examination (Rule 66.l(e) PCT). The applicant is advised that the EPO 
policy when acting as an International Preliminary Examining Authority is 
normally not to carry out a preliminary examination on matter which has 
not been searched. This is the case irrespective of whether or not the 
claims are amended following receipt of the search report or during any 
Chapter II procedure. If the application proceeds into the regional phase 
before the EPO, the applicant is reminded that a search may be carried 
out during examination before the EPO (see EPO Guidelines C-IV, 7.2), 
should the problems which led to the Article 17(2) declaration be 
overcome. 
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PATENT COOPERATION TREATY 

From the 
INTERNATIONAL SEARCHING AUTHORITY 

To: 

see form PCT/ISAJ2:20 

PCT 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

(PCT Rule 43bis.1) 

Date of mailing 

(daylmonth,year) see form PCT/ISAt210 (second sheet) 

----------j----------------------------·-
Applicant's or agent's file reference 

see form PCT /ISAJ2:20 
FOR FURTHER ACTION 
See paragraph 2 below 

International application No. 

PCT ,G82015J050521 
i International filing date (dayAnonth,jtear} 
i I 24.02.201 s 

International Patent Classification (!PC) or both national classification and IPC 

INV. 80503/04 80503/14 80507122 

Applicant 

P21 LTD 

1. This opinion contains indications relating to the following items: 

~ 

• 
Box No. I 

Box No. II 

Basis of the opinion 

Priority 

I Priority dcrte (day/month/year) 

1 28.02.2014 
i 

~ 

• 
Box No. Ill 

Box No. IV 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

Lack of unity of invention 

~ Box No. V Reasoned statement under Rule 43bis.1 (a)(i) with regard to novelty, inventive step and industrial 
applicability; citations and explanations supporting such statement 

D Box No. VI Certain documents cited 

D Box No. Vil Certain defects in the international application 

~ Box No. VIII Certain observations on the international application 

2. FURTHER ACTION 

If a demand for international preliminary examination is made, this opinion will usually be considered to be a 
written opinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where 
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the 
International Bureau under Rule 66.1 bis(b) that written opinions of this International Searching Authority 
will not be so considered. 

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to 
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months 
from the date of mailing of Form PCTl!SAl.220 or before the expiration of 22 months from the priority date, 
whichever expires later. 

For further options, see Form PCT/lSA/220. 

Name and mailing address of the ISA: 

European Patent Office 
P.B. 5818 Patentlaan 2 
NL-2280 HV Rijswijk - Pays Bas 
Tel. +31 70 340 - 2040 
Fax: +31 70 340 - 3016 

Form PCT/ISA,237 (Cover Sheet) (January 2015) 

Date of completion of 
this opinion 

see form 
PCT/ISAQ10 

Au1horized Officer 

Telephone No. +31 70 340-0 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Box No. I Basis of the opinion 

1. With regard to the language, this opinion has been established on the basis of: 

18:l the international application in the language in which it was filed. 

International application No. 
PCTK382015!050521 

• a translation of the international application into , which is the language of a translation furnished for the 
purposes of international search (Rules 12.3(a) and 23.1 (b)). 

2. • This opinion has been established taking into account the rectification of an obvious mistake authorized 
by or notified to this Authority under Rule 91 (Rule 43bis.1 (a}) 

3. • With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this 
opinion has been established on the basis of a sequence listing: 

a. • forming part of the international application as filed: 

• in the form of an Annex C,,ST.25 text file. 

• on paper or in the form of an image file. 

b. • furnished together with the international application under PCT Rule 13ter.1 (a) for the purposes of 
international search only in the form of an Annex CIST.25 text file. 

c. • furnished subsequent to the international filing date for the purposes of international search only: 

• in the form of an Annex CST.25 text file (Rule 13ter.1(a)). 

• on paper or in the form of an image file (Rule 13ter.1 (b) and Administrative Instructions, Section 
713). 

4. • In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, 
the required statements that the information in the subsequent or additional copies is identical to that 
forming part of the application as filed or does not go beyond the application as filed, as appropriate, were 
furnished. 

5. Additional comments: 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

International application No. 
PCT/GB2015J050521 

Box No. Ill Non-establishment of opinion with regard to novelty, inventive step and industrial 
applicability 

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non 
obvious), or to be industrially applicable have not been examined in respect of 

• the entire international application 

[gj claims Nos. 36, 37 

because: 

• the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international search (specify): 

D the description, claims or drawings (indicate particular elements below) or said claims Nos. are so unclear 
that no meaningful opinion could be formed (specify): 

• the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed (specify): 

[gj no international search report has been established for the whole application or for said claims Nos. 36. 37 

D a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the 
prescribed time limit: 

D furnish a sequence listing in the form of an Annex CST.25 text file, and such listing was not available 
to the International Searching Authority in the form and manner acceptable to it; or the sequence listing 
furnished did not comply with the standard provided for in Annex C of the Administrative Instructions. 

• furnish a sequence listing on paper or in the form of an image file complying with the standard provided 
for in Annex C of the Administrative Instructions, and such listing was not available to the International 
Searching Authority in the form and manner acceptable to it; or the sequence listing furnished did not 
comply with the standard provided for in Annex C of the Administrative Instructions. 

• pay the required late furnishing fee for the furnishing of a sequence listing in response to an 
invitation under Rule 13ter.1 {a) or (b). 

[gj See Supplemental Box for further details 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

International application No. 
PCT/GB2015AJ50521 

Box No. V Reasoned statement under Rule 43bis.1 (a)(i) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 2-35 
No: Claims 1 

Inventive step (IS) Yes: Claims 
No: Claims 1-35 

Industrial applicability (IA) Yes: Claims 1-35 
No: Claims 

2. Citations and explanations 

see separate sheet 

Box No. VIII Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

Reference is made to the following documents: 

International application No. 

PCT/GB2O15/050521 

01 US 4 822 632 A (WILLIAMS JOEL L [US] ET AL) 18 April 1989 
(1989-04-18) 

02 US 2014/010969 A1 (BICKER MATTHIAS [DE] ET AL) 9 January 2014 
(2014-01-09) 

03 WO 2011/029628 A1 (SCHOTT AG [DE]; BICKER MATTHIAS [DE]; 
BAUCH HARTMUT [DE]; LOHMEYER MAN) 17 March 2011 
(2011-03-17) 

04 US 2012/321776 A1 (VETRECIN ROBERT [US]) 20 December 2012 
(2012-12-20) 

05 WO 2005/021833 A2 (SURFACE INNOVATIONS LTD [GB]; WARD LUKE 
[GB]; BADYAL JAS PAL [GB]) 10 March 2005 (2005-03-10)cited in the 
application 

Re Item m 
Non-establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

(1) Claim 36 refers to a method of applying a coating whereby the characterising 
technical feature(s) should be disclosed by the illustrative drawings; this authority 
found no clear and unambiguous indication in the drawings that could possibly 
constitute a characterising technical feature for a method of applying a coating; 
furthermore, the passages of the description relating to the illustrative figures are 
disclosing so many technical details that it is impossible for the skilled reader to 
determine which one is essential to the definition of the invention; as a consequence, 
the subject matter of claim 36 is considered as lacking clarity {Article 6 PCT) and 

The non-compliance with the substantive provisions is to such an extent that no 
meaningful search of claim 36 could be carried out at all {Article 17{2) PCT). 

(2) Claim 37 refers to a device whereby the characterising technical feature(s) should 
be disclosed by the illustrative drawings; this authority found no clear and 
unambiguous indication in the drawings that could possibly constitute a characterising 
technical feature for a device according to the invention; furthermore, the passages of 
the description relating to the illustrative figures are disclosing so many technical 

Form PCTilSA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT/G82015/050521 

details that it is impossible for the skilled reader to determine which one is essential to 
the definition of the invention; as a consequence, the subject matter of claim 37 is 
considered as lacking clarity (Article 6 PCT) and 

The non-compliance with the substantive provisions is to such an extent that no 
meaningful search of claim 37 could be carried out at all {Article 17(2) PCT). 

Re Item VIII 

Certain observations on the international application 

Clarity (Article 6 PCT) 

(3) The scope of claim 1 is not clear and lacks support according to Article 6 PCT for 
the following reasons: 

(3.1) the term "housing" used in claim 1 is vague and unclear (Article 6 PCT); 

actually, a plasma treatment chamber containing substrates could be regarded as a 
device according to claim 1, where the plasma treatment chamber would be regarded 
as a "housing" and the substrates would be regarded as the "components" according 
to the wording of claim 1; 

this interpretation is also supported by the statement in the application's description on 
p. 6, I. 7-10, where the "device" is stipulated as comprising a "laboratory equipment"; 
said passage further stipulates that "articles of laboratory equipment( ... ) may be 
housed in a container"; this passage of the description support the vague 
interpretation of the terms "device", "housing" and "elements" used in claim 1 ; 

(3.2) step (i) of claim 1 reads: 

"applying liquid coating precursor to at least part of the internal surface of the 
housing and/or at least part of the one or more components", 

it appears that the method of claim 1 may be directed to coat only "at least part of the 
one or more components"; 

(3.3) the term 

"the pressure being sufficient to cause the liquid coating precursor to 
evaporate" 

Form PCT/ISA/237 (Separate Sheet} (Sheet 2) (EPO-April 2005} 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT/GB2O15/050521 

used in claim 1 constitutes an attempt to define the pressure in terms of the result to 
be achieved, which merely amounts to a statement of the underlying problem, without 
providing the technical features necessary for achieving this result; this attempt is also 
considered lacking clarity in that the liquid coating precursor may be applied: 

- by spraying (i.e. in an atomised state; cf. claim 15), 

- as multiple droplets (i.e. as liquid aggregates; cf. claim 16), 

- within a porous material (i.e. the liquid coating precursor soaks a material; cf. 
claim 17), 

those differences in applications result in differences of vacuum level needed to 
evaporate the liquid coating precursor; furthermore the term does not specify if the 
pressure should be sufficient to evaporate partly or completely the liquid coating 
precursor; 

it is furthermore known that a reduction of the total pressure will necessarily lead to an 
increase partial pressure of any liquid subjected to said reduced total pressure, 
resulting in a partial evaporation of said liquid. 

as a consequence, the term 

"the pressure being sufficient to cause the liquid coating precursor to 
evaporate" 

is considered as lacking clarity (Article 6 PCT) and can not be considered as possibly 
restricting the scope of claim 1; 

(3.4) claim 1 therefore covers embodiments where : 

(i) components are coated with a liquid coating precursor, 

(ii) coated components of step (i) are subjected to reduced pressure in a 
plasma treatment chamber 

(iii) liquid coating precursor is subjected to plasma treatment; 

those embodiments do not correspond to the scope of the invention as can be derived 
from the application; claim 1 is therefore considered as lacking support {Article 6 
PCT). 

(4) It is clear from the description's examples that 

the fact that in step {ii) evaporation of the liquid coating precursor occurs 

is essential to the definition of the invention. 

Form PCT/ISA/237 (Separate Sheet) {Sheet 3) {EPO-April 2005) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT/GB2O15/050521 

Since independent claim 1 does not contain this feature it does not meet the 
requirement following from Article 6 PCT taken in combination with Rule 6.3(b) PCT 
that any independent claim must contain all the technical features essential to the 
definition of the invention. 

(5) In claim 1, step (ii) refers to a "closed housing"; 

in claim 20, it is stipulated that a vapour is introduced through an aperture in the 
housing; 

in claim 21, it is stipulated that the liquid coating precursor is applied in step (i) whilst 
the housing is closed; 

it appears from the examples, that the mobile phone enclosures (which are believed to 
correspond to the term "housing" used in the claims) has apertures; 

the topological definition of a closed structure is that it has no part left open and that 
its internal surface does not contact its external surface; 

it appears however that 

the "closed housing" referred to in claim 1 may have apertures through which 
diffusion of vapours may occur (cf. claim 22, examples), 

the apertures are not sealed at any moment of the method, 

there is therefore a confusion around the term "closed" used in the claims, as it 
appears clearly that the housing may well be an open structure with apertures; 

the subject matter of the claims is therefore considered as lacking clarity for this 
reason as well (Article 6 PCT). 

Re Item V 

Reasoned statement with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

Novelty (Article 33(3) PCT) 

(6) In view of the clarity objections raised under Item VIII, this authority found that 
document D1 discloses (cf. document D1, passages cited in the search report): 

a method of applying a coating to a device, the device comprising one or more 
components housed in a housing, the method comprising the steps of: 

Form PCT/ISA/237 (Separate Sheet) (Sheet 4) (EPO-April 2005) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT/GB2O15/050521 

(i) applying liquid coating precursor to least part of the one or more 
components; 

{ii) applying below atmosphere pressure conditions to the closed housing, with 
the one or more components inside the housing; and 

(iii) initiation of the liquid coating precursor with a plasma, to thereby cause 
the coating to form from the liquid precursor on at least some of the internal 
surfaces of the device. 

The subject matter of at least claim 1 is therefore not novel (Article 33(2) PCT). 

(7) The attention of the applicant is brought to the fact that a similar objection against 
at least the subject matter of claim 1 could be raised on the basis of documents D2, 
D3 and D4 each considered independently. 

Inventive Step (Article 33(3) PCT) 

(8) At this stage of the procedure, this authority is of the opinion that if the subject 
matter of any of claims 2-35 should appear to be novel over the disclosure of any of 
documents D1-D4, it is not clear how the subject matter of claims 2-35 could 
eventually contribute to the inventive step of the present application: the technical 
features of claim 2-35 seem to represent nothing more than some out of many 
alternatives the person skilled in the art would select without the need of inventive 
skills, especially as no particular advantage can be derived from said technical 
features. Consequently, and without any acknowledgement concerning the novelty of 
said claims, it is considered at this stage of the procedure that the subject-matter of 
claims 2-35, if ever novel, lacks an inventive step (Article 33(3) PCT)). 

Industrial Applicability (Article 33(4) PCT) 

(9) The industrial applicability of the subject matter of claims 1-35 (method of applying 
a coating to a device) is obvious (Article 33(4) PCT). 

Form PCT/ISA/237 (Separa1e Sheet) (Sheet 5) (EPO-April 2005) 
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AMENDMENT AND RESPONSE 

Dear Examiner Buie-Hatcher: 

This communication is responsive to the non-final Office Action issued on October 18, 2018, 

in connection with the above-identified patent application. 

The three-month shortened-statutory period for response expired on January 18, 2019. 

Applicant respectfully petitions the Commissioner for Patents to extend the time for response for 

two months, from January 18, 2019 to March 18, 2019. It is respectfully submitted that this 

response is timely filed within the extended deadline. If any additional extension period is 

required in order for this paper to be timely filed, Applicant hereby requests an extension for 

such additional time period and authorizes the appropriate fees therefore to be charged to the 

Kagan Binder Deposit Account No. 50-1775 and to notify us of the same. 

Payment in the amount of $600.00 for a two-month extension of time is being provided 

by the electronic payment system of the EFS. In the event of failure of this payment by the 

electronic payment system of the EFS for any reason, the Commissioner is authorized to charge 

Kagan Binder Deposit Account No. 50-1775 and thereafter is requested to notify us of the same. 
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U.S. Serial No. 15/735, 130 
Page 2 

Specification Amendments 

Please delete the paragraph on page 1 that begins with "Monosaturated monomers" and 

ends with "(see co-pending application)." 

Please add the following paragraph (section heading) on page 17 immediately prior to the 

paragraph beginning with "The present invention will now .... ": 

Brief Description of Drawings 

Ex. 1028 - Favored - p. 390



U.S. Serial No. 15/735, 130 
Page 3 

Claim Amendments 

Please amend claims 1, 6, 8, 13, 15, and 16, and cancel claims 5, 7, 12, and 14 as follows: 

1. (Currently Amended) An electronic or electrical device or electronic or electrical component 

thereof comprising a protective cross-linked polymeric coating on a surface of said device or 

component; 

wherein the protective cross-linked polymeric coating is obtainable obtained by exposing said 

device or component to a plasma comprising a monomer compound and a crosslinking reagent 

for a period of time sufficient to allow formation of the protective cross-linked polymeric coating 

on a surf ace thereof, 

wherein the monomer compound is a compound of formula I(a): 

l(a) 

wherein each ofR1, R2, & and R5 to~ Rl!L.is hydrogen; eaeh of!¼~ and Rw is independently 

hydrogen or methyl is independently selected from hydrogen or an optionally substituted C1-C6 

branched or straight chain alkyl group: each Xis independently hydrogen or halogen; a is from 

0-10; bis from 3 to 7; and c is 0 or l__;_[[:]] 

R1 Rh 
'\ ~l •.• 

\.-.-.-.-.-.-.-.-.-.-.-.-.-.,'/ 
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and wherein the crosslinking reagent comprises two or more unsaturated bonds attached by 

means of one or more linker moieties and has a boiling point of less than 500 °C at standard 

pressure, the crosslinking reagent having one of the following structures: 

(i) 

where Y1, Y2, Y3, Y4, Ys, Y6, Y7 and Y11 are each hydrogen are each independently selected from 

hydrogen, optionally substituted cyclic, branched or straight chain C1-C6 alkyl or aryl; and Lis a 

linker moiety~ 

wherein for compound (i) Lis of Formula A having one of the following structures: 

and Y10 is selected from optionally substituted cyclic, branched or straight chain C1-C8 alkylene 

and a siloxane group; 

or wherein for compound (i) Lis of Formula B having the following formula: 

where each Y9 is independently selected from, a bond, -0-, -O-C(O)-, -C(O)-O-, -Yu-O-

C(O)-, -C(O)-O-Yu-, -OYu-, and-YuO-, where Yu is an optionally substituted cyclic, 

branched or straight chain C1-C8 alkylene; and 

wherein Y 10 has the following formula: 
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and each Y15 is independently selected from optionally substituted branched or straight chain C1-

C6 alkyl; 

or wherein Y 10 has the following formula: 

and Y 16 to Y 19 are each independently selected from H and optionally substituted branched or 

straight chain C1-C8 alkyl or alkenyl. 

2.( Previously Presented) The device or component according to claim 1, wherein the protective 

cross-linked polymeric coating is a physical barrier to mass and electron transport. 

3.( Previously Presented) The device or component according to claim 1, wherein the protective 

cross-linked polymeric coating forms a liquid repellent surface defined by a static water contact 

angle (WCA) of at least 90°. 

4. (Cancelled) 

5. (Cancelled) 

6. (Currently Amended) The device or component according to claim 5 claim 1, wherein when 

for compound (i) Lis of the formula B, L has one of the following structures: 

(} () 
i· ... ~,\. 

/ .. ,</ 
,, ,',•' \\__ ~ s ~ .~"'"4· 
~ """"'" \ / ~ 

\ V / b ,N----·. 10 .-.-.-.-.-.-.-.-.-. 0 

Ex. 1028 - Favored - p. 393



U.S. Serial No. 15/735, 130 
Page 6 

7. (Cancelled) 

8. (Currently Amended) The device or component according to elaim: 5 claim 1, whereinwhen 

for compound (i) Lis of Formula B, Y 10 has the following formula: 

wherein each Y 12 and Y 13 is independently selected from H, halo, optionally substituted cyclic, 

branched or straight chain alkyl, or -OY 14, where Y 14 is selected from optionally substituted 

branched or straight chain C1-C8 alkyl or alkenyl, and n is an integer from 1 to 10. 

9. (Previously Presented) The device or component according to claim 8, wherein each Y12 is H 

and each Y13 is H. 

10. (Previously Presented) The device or component according to claim 8, wherein each Y12 is 

fluoro and each Y 13 is fluoro. 

11. (Previously Presented) The device or component claim 8, wherein n is from 4 to 6. 

12. (Cancelled) 
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13. (Currently Amended) The device or component according to claim: 12 claim 1, wherein 

when for compound (i) L is of Formula B and Y 10 has the following formula: 

each Y 1s is methyl, and each Y 9 is a bond. 

14. (Cancelled) 

15. (Currently Amended) The device or component according to claim: 11 claim 1, wherein when 

for compound (i) Lis of Formula Band Y10 has the following formula: 

Y 18 is H or vinylene, and Y 16, Y 17 and Y 19 are each H. 

16. (Currently Amended) The device or component according to claim 1, wherein the 

crosslinking reagent is selected from Divinyl Adipate divinyl adipate (DVA), 1,1 Butanediol 1 4-

butanediol divinyl ether (BDVE), 1,1 Cyclohexanedim:ethanol 1,4-cyclohexanedimethanol 

divinyl ether (CDDE), 1,7 Octadiene 1,7-octadiene (17OD), 1,2,4-trivinylcyclohexane­

Tfrtinylcyclohmrnne (TVCH), 1,3 Divinyltetram:ethyldisilmrnne 1,3-divinyltetramethyldisiloxane 

(DVTMDS), Diallyl diallyl 1,4-cyclohexanedicarboxylate (DCHD), 1,6 Divinylperfluorohmrnne 

1, 6-di viny 1 perfl uorohexane (D VPFH), 1 H, 1 H, 6H, 6H-Perfluorohmrnnediol perfl uorohexanedi ol 

diacrylate (PFHDA) and glyoxal bis (diallyl acetal) ( GBDA). 

17-30. (Cancelled) 
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31. (Previously Presented) The device or component according to claim 1, wherein the 

compound of formula I(a) has the following formula: 

where n is from 2 to 10. 

32. (Previously Presented) The device or component thereof according to claim 1, wherein the 

compound of formula I(a) has the following formula: 

where n is from 2 to 10. 

33. (Previously Presented) The device or component according to claim 31, wherein the 

compound of formula I(a) is selected from lH, 1H,2H,2H-perfluorohexyl acrylate (PFAC4), 

lH, 1H,2H,2H-perfluorooctyl acrylate (PF AC6), lH, 1H,2H,2H-perfluorodecyl acrylate (PF AC8) 

and lH, 1H,2H,2H-perfluorododecyl acrylate (PF AC 10). 

34. (Previously Presented) The device or component thereof according to claim 32, wherein the 

compound of formula I(a) is selected from lH, 1H,2H,2H-pefluorohexyl methacrylate 

(PFMAC4), lH, 1H,2H,2H-perfluorooctyl methacrylate (PFMAC6) and lH, 1H,2H,2H­

perfluorodecyl methacrylate (PFMAC8). 

3 5-91. (Cancelled) 
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Drawing Amendments 

Please replace each of original figures 1-7 with each of the respective, enclosed 

replacement sheets, which shall replace each of original figures 1-7. 

Each of figures 1-7 are amended to replace "Figure," which precedes each of the view 

numbers, with "Fig." as requested in the Office Action. 
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Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. 

Stephen Richard COULSON GBL0007/US 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

526-245000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

$1000 

(Typed or printed name) 

(Signature) 

(Date) 

CONFIRMATION NO. 

7101 

DATE DUE 

08/15/2019 

(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. Fees submitted: • Issue Fee • Publication Fee (if required) • Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

0 Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. ____ _ 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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APPLICATION NO. FILING DATE 

15/735,130 12/08/2017 

33072 7590 05/15/2019 

KAGAN BINDER, PLLC 
SUITE 200, MAPLE ISLAND BUILDING 
221 MAIN STREET NORTH 
STILLWATER, MN 55082 

FIRST NAMED INVENTOR 

Stephen Richard COULSON 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

GBL0007/US 7101 

EXAMINER 

BUIE-HATCHER, NICOLE M 

ART UNIT PAPER NUMBER 

1767 

DATE MAILED: 05/15/2019 

Determination of Patent Term Adjustment under 35 U.S.C.154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement 
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent 
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial 
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term 
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior 
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration 
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process 
outlined in 37 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-010 I or (571 )-272-4200. 

Page 3 of 3 

PTOL-85 (Rev. 02/11) 
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0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the 0MB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions 
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements 
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b) 
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information 
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent 
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not 
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment 
of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting 
a request involving an individual, to whom the record pertains, when the individual has requested assistance 
from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility 
to recommend improvements in records management practices and programs, under authority of 44 U.S.C. 
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection 
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall 
not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed 
in an application which became abandoned or in which the proceedings were terminated and which application 
is referenced by either a published application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Notice of Allowability 

Application No. 
15/735, 130 
Examiner 
NICOLE M BUIE-HATCHER 

Applicant(s) 
COULSON et al. 

Art Unit I AIA (FITF) Status 
1767 Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to response filed 03/18/2019. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are See Continuation Sheet. As a result of the allowed claim(s), you may be eligible to benefit from the 
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more 
information, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to 
PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) • All b) 0 Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file areply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. ~ Notice of References Cited (PTO-892) 

2.~ Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 20181121 / 20190318. 

5. ~ Examiner's Amendment/Comment 

6. ~ Examiner's Statement of Reasons for Allowance 

3. D Examiner's Comment Regarding Requirement for Deposit 7. D Other 
of Biological Material . 

4.~ Interview Summary (PTO-413), 
Paper No./Mail Date. 20190430. 

/NICOLE M. BUIE-HATCHER/ 
Primary Examiner, Art Unit 1767 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20190430 
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Continuation Sheet (PTOL-37) Application No. 15ll35, 130 

Continuation of 3. The allowed claim(s) is/are: 1-3,6,8-11,13,15-16 and 31-34 
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Application/Control Number: 15/735,130 
Art Unit: 1767 

Notice of Pre-AJA or AJA Status 

Page 2 

The present application, filed on or after March 16, 2013, is being examined under the 

first inventor to file provisions of the AIA. 

EXAMINER'S AMENDMENT 

An examiner's amendment to the record appears below. Should the changes and/or 

additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR 

1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the 

payment of the issue fee. 

Authorization for this examiner's amendment was given in an interview with Paul Parins 

(Reg. No. 54,358) on 05/09/2019. 

The application has been amended as follows: 

In claim 1, line 23, replace "Formula A" with "formula A". 

In claim 1, line 27, replace "Formula B" with "formula B". 

In claim 8, line 1, replace "whereinwhen" with "wherein when". 

In claim 8, line 2, replace "Formula B" with "formula A". 

In claim 13, line 2, replace "Formula B" with "formula B". 

In claim 15, line 2, replace "Formula B" with "formula B". 

Reasons for Allowance 

The following is an examiner's statement of reasons for allowance: 
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Application/Control Number: 15/735,130 
Art Unit: 1767 

Page 3 

A) The closest prior art ofrecord, Coulson (WO 2007/082122 Al) does not teach or 

suggest the crosslinking reagent comprises two or more unsaturated bonds attached by means of 

one or more linker moieties and has a boiling point of less than 500°C at standard pressure, the 

crosslinking reagent having one of the structures (i) or (ii). 

B) Coulson (US 2010/0203347 Al) teaches a compound with more than one double bond 

[0030] and alkyne compounds comprise chains of carbon atoms, including one or more carbon­

carbon triple bonds [0046]. However, Coulson (US '347) does not teach or suggest the 

crosslinking reagent comprises two or more unsaturated bonds attached by means of one or more 

linker moieties and has a boiling point of less than 500°C at standard pressure, the crosslinking 

reagent having one of the structures (i) or (ii). 

Any comments considered necessary by applicant must be submitted no later than the 

payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 

fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for 

Allowance." 

Prior Art 

The prior art made of record and not relied upon is considered pertinent to applicant's 

disclosure. Chen et al. (CN 103881013 A, Machine translation attached) teaches a fluorine 

containing hydrogel. 
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Application/Control Number: 15/735,130 
Art Unit: 1767 

Correspondence 

Any inquiry concerning this communication or earlier communications from the 

Page 4 

examiner should be directed to NICOLE M. BUIE-HATCHER whose telephone number is 

(571)270-3879. The examiner can normally be reached on M-F, 8 am - 4:30 pm. 

Examiner interviews are available via telephone, in-person, and video conferencing using 

a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is 

encouraged to use the USPTO Automated Interview Request (AIR) at 

http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Mark Eashoo can be reached on ( 571 )272-1197. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/NICOLE M. BUIE-HATCHER/ 
Primary Examiner, Art Unit 1767 
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Application/Control Number: 15/735,130 
Art Unit: 1767 

Page 5 
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Examiner-Initiated Interview Summary 

Application No. 

15/735, 130 

Examiner 

NICOLE M BUIE-HATCHER 

All participants (applicant, applicant's representative, PTO personnel): 

(1) NICOLE M .. BUIE-HATCHER. (3) __ . 

(2) Paul Parins (Reg. No. 54,358). (4) __ . 

Date of Interview: 09 May 2019. 

Type: ~ Telephonic D Video Conference 
D Personal [copy given to: D applicant D applicant's representative] 

Exhibit shown or demonstration conducted: D Yes ~ No. 
If Yes, brief description: __ . 

Issues Discussed D 101 ~ 112 0 102 0 103 ~ Others 
(For each of the checked box(es) above. please describe below the issue and detailed description of the discussion) 

Claim(s) discussed: 1-3,6,8-11,13,15-16 and 31-34. 

Identification of prior art discussed: N/A. 

Substance of Interview 

Applicant(s) 

COULSON et al. 

Art Unit 

1767 

AIA (FITF) Status 

Yes 

(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a reference 

or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc ... ) 

On 5/1/19, the Examiner stated that claim 8 did not further limit claim 1. The Examiner also stated that the word " 
Formula" should be lowercase in each instance in claims 1, 8, 13, and 15. Furthermore the words "wherein" and "when" 
should be separated in claim 8. On 5/9/19, Mr. Parrins called to approve the Examiner's amendment.. 

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview. 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the 
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the general 
thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the general results or 
outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

D Attachment 

/NICOLE M. BUIE-HATCHER/ 
Primary Examiner, Art Unit 1767 

U.S. Patent and Trademark Office 

PTOL-413B (Rev. 8/11/2010) Interview Summary PaperNo.20190430 
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Application/Control No. Applicant(s)/Patent Under 
15/735, 130 Reexamination 

Notice of References Cited 
COULSON et al. 

Examiner Art Unit 
NICOLE M BUIE-HATCHER 1767 Page 1 of 1 

U.S. PATENT DOCUMENTS 
Document Number Country Date 

Name CPC Classification US Classification * Code-Number-Kind Code MM-YYYY 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

FOREIGN PATENT DOCUMENTS 
Document Number Country Date 

Country Name CPC Classification * Code-Number-Kind Code MM-YYYY 

N CN-103881013-A 06-2014 CN Chen et al. 

0 

p 

Q 

R 

s 
T 

NON-PATENT DOCUMENTS 

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) 

u Machine translation of CN 103881013 A, retrived April 2019. (Year: 2019) 

V 

w 

X 

*A copy of this reference Is not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 
PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20190430 
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Search Notes 

CPC - Searched* 

Symbol 

C09D 133/16 

B05D 1/62, 5/083 

H01 L 21/0274 

Application/Control No. 

15/735, 130 

Examiner 

NICOLE M BUIE-HATCHER 

CPC Combination Sets - Searched* 

Symbol 

US Classification - Searched* 

Class Subclass 

Applicant(s)/Patent Under Reexamination 

COULSON et al. 

Art Unit 

1767 

Date Examiner 

05/09/2019 NMB 

05/09/2019 NMB 

05/09/2019 NMB 

Date Examiner 

Date Examiner 

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of the 
search. 

Search Notes 

Search Notes Date Examiner 

Inventor name search, PALM and EAST 03/26/2019 NMB 

Global Dossier 04/30/2019 NMB 

Scifinder 04/30/2019 NMB 

EAST text search, see search history 04/30/2019 NMB 

Interference Search 

US Class/CPC 
US Subclass/CPC Group Date Examiner 

Symbol 

C09D 133/16 05/09/2019 NMB 

B05D 1/62 , 5/083 05/09/2019 NMB 

H01L 21/0274 05/09/2019 NMB 

U.S. Patent and Trademark Office 
Page 1 of 2 

Part of Paper No.: 20190430 Ex. 1028 - Favored - p. 412



Search Notes 

U.S. Patent and Trademark Office 

Application/Control No. 

15/735, 130 

Examiner 
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Page 2 of 2 

Applicant(s)/Patent Under Reexamination 

COULSON et al. 

Art Unit 

1767 
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Issue Classification 

CPC 

Symbol 

C09D rnI 133 I ill? 
C09D mt 5 IN 
805D rn 5 I mt 
805D mr 1 I Mt 
805D mt 5 IN 
H01J rnr 37 I mt 
H01J rnr 37 I mt 
H01J mt 2237 

1 rnr 
H01J mt 2237 IN 
H01L rn 21 I mt 
H01L mr 21 I Mt 
H01L mt 21 IN 
H01L rnr 23 I mt 
H01L rnr 23 I mt 
H05K mt 3 

1 rnr 

CPC Combination Sets 

Symbol 

Application/Control No. 

15/735, 130 

Examiner 

NICOLE M BUIE-HATCHER 

16 

00 

08 

62 

083 

32082 

32467 

332 

3382 

02118 

02274 

56 

293 

564 

285 

1%1 1%1 

NONE 

(Assistant Examiner) 

/NICOLE M. BUIE-HATCHER/ 
Primary Examiner, Art Unit 1767 

(Primary Examiner) 
U.S. Patent and Trademark Office 

Page 1 of 3 

Applicant(s)/Patent Under Reexamination 

COULSON et al. 

Art Unit 

1767 

Type Version 

F 2013-01-01 

I 2013-01-01 

I 2013-01"01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

A 2013-01-01 

A 2013-01-01 

A 2013-01"01 

A 2013-01-01 

A 2013-01-01 

A 2013-01-01 

A 2013-01-01 

A 2013-01-01 

Type Set Ranking Version 

Total Claims Allowed: 

(Date) 15 

09 May 2019 
O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 none 

Part of Paper No.: 20190430 
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Issue Classification 

INTERNATIONAL CLASSIFICATION 

CLAIMED 

C09D133/16 

C09D5/00 

805D5/08 

805D1/00 

H01 L21/02 

H01 L21/56 

H01 L23/29 

H01 L23/00 

H05K3/28 

I NON-CLAIMED 

H01J37/32 

US ORIGINAL CLASSIFICATION 

CLASS 

CROSS REFERENCES(S) 

CLASS 

NONE 

(Assistant Examiner) 

/NICOLE M. BUIE-HATCHER/ 
Primary Examiner, Art Unit 1767 

(Primary Examiner) 
U.S. Patent and Trademark Office 

Application/Control No. 

15/735, 130 

Examiner 

NICOLE M BUIE-HATCHER 

133 

5 

5 

21 

21 

23 

23 

3 

Applicant(s)/Patent Under Reexamination 

COULSON et al. 

Art Unit 

1767 

16 

00 

08 

00 

02 

56 

29 

00 

28 

SUBCLASS 

SUBCLASS (ONE SUBCLASS PER BLOCK) 

I I I I I 

Total Claims Allowed: 

(Date) 15 

09 May 2019 
O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 none 

Part of Paper No.: 20190430 
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Issue Classification 
Application/Control No. 

15/735, 130 

Examiner 

NICOLE M BUIE-HATCHER 

Applicant(s)/Patent Under Reexamination 

COULSON et al. 

Art Unit 

1767 

• Claims renumbered in the same order as presented by applicant • CPA • T.D. • R.1.47 

CLAIMS 

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original 

1 1 9 13 - 25 - 37 - 49 - 61 - 73 - 85 
2 2 - 14 - 26 - 38 - 50 - 62 - 74 - 86 
3 3 10 15 - 27 - 39 - 51 - 63 - 75 - 87 
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Sci Finder® Page 1 
Session Began April 30, 2019 at 06:06 PM 

Task Began April 30, 2019 06:06 PM 

Explore references by research topic: plasma polymerization of fluoroacry!ate and cross!inking monomer 
Research Topic: plasma polymerization of fluoroacrylate and crosslinking monomer 

Result Count: 9 

Candidates Selected (ID 1) 

Answer Type: 

Result Count: 

4 references were found containing the two concepts "plasma polymerization" 
and "fluoroacrylate". 
Automatically removed 4 duplicate MEDLINE answer(s) 

173 references were found containing the two concepts "plasma polymerization" 
and "crosslinking monomer". 

Automatically removed 4 duplicate MEDLINE answer(s) 
50 references were found containing both of the concepts "iluoroacrylate" and 
"crosslinking monomer". 
Automatically removed 4 duplicate MEDLINE answer(s) 
References 

223 

Prepared 4 reference answers from Answer set 1 for printing in PDF form 

Copyright© 2019 Arnerican Chemic'cll Society. A!I Rights Reserved. 

Copyright© 1994-2019 Sun Microsystems,!nc. J\.li Rigl1ts Reserved. (Java runtime environment) 

Copyright© 2019, Yahoo! inc. Ail Rights Reserved. (YU! Base, Fonts. Reset CSS} 

Copyrigtot@ 200-20·19, The Dojo Foundotion. Pdl l~•ghts t~eserved 

Copyright @ 2019, E.xadei, :nc. Ail F~igt1ts Reserved. (JBoss F~ict1Faces) 

Copyrigt1t@ 2002 lnf0Ct1em GmbH Ali Rights l~eserved. (lnfoChern's reaction c:assif1cat1on prograrn CLASSIFY) 

The fol!owing copyrigl1t notice appiies to Raphaei oniy:Permission is hereby granted, free of charge, to any person obtaining a copy of U1is sofl.\-varn and associ;:.1ted documentmion fi!es (tl1e 'Software'), to 

dea! in tl1e Software vvithout restriction, inciuding without limitation the rights to use, copy, modify, merge, pubiish. distribute, subiicense, and/or se!I copies of the Software, and to permit persons to whom 

U1e Software is furnished to do so, subjee,i to the fo!low1ng conditions:The above !'.Opyri[~ht notice and U11s permission notice shall be included in ail copies or substant1ai portions of !he Software.THE 

SOFTWARE IS PROVIDED 'AS IS', WITHOUT WARRANTY OF Al,Y Klr,D, EXPRESS OR IMPLIED, INCLUDl~JG BUT 1,oT LIMITED TO THE WARRANTIES OF MERCHA~ITABILITY, FITNESS FOR 

A PARTICULAR PURPOSE A~ID NONINFRll,GEME~IT, IN ~JO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, 

\NHETHER IN AN ACTION OF CONTRACT, TORT' OR OTHEHVVISE, Al~ISING FF~OM, OUT OF Of~ IN COf\JNECTION vvnH THE SOFTVVARE Of~ THE USE OF~ OTHEF~ DE.AL!NGS IN THE 

SOFTWARE, 

Tl1e foliowing copyright notice app!ies to Google Closme Templates only:Copy!ight 2009 Googie Inc.Licensed under the Apache License. Version 2.0 (tl1e 'License;; you may not use this fi!e except in 

compliance wiU1 the License. You may obtain a copy of the License aU1ttp'//www.apa01e.org/licenses/UC!:NSE'.>2.0Uniess required by applicable iaw or agreed to in writing, software distributed under 

the License is distributed on an 'AS IS' BASIS, VVITHOUT VVAF~f~ANTIES OF~ CONDITIONS OF Af\JY K!ND, eitt1er express or implied. See the L.i!'.Bnse for U,e specific language governing permissions 

and !imitations uncler the License. 

Copyright (c) 2010, 2012 Adobe Systems Incorporated, Ail Rights Reserved, (Source Sans Pro)Licensecl unclerthe S!L Open Font License, Version 1.1 (avai!able at: l1ttp://scripts.sil.mg/OFL) 

Copyright 2005•2013 The DOJO Foundation (Dojo Tooikit)Ucensed under the Apa01e License, Version 2.0 (the ''License"'): you may not use this f1ie except 1n compliance wiU1 the License. You moy 

obtain a copy otU1e Ucense at:http:!/www.apache.org/iicenses/UCENSE·2.0Uniess required by appiicab:e law or agreed to in writing, software distributed under the License is distributed on an ''AS !S'' 

BASIS, V\1THOUT VVJ\.RRAr,JT!ES OR COI\JDIT!Or,JS OF ANY KIND. either express or implied.See the License fm tl1e specific ianguage goveming permissions and limitations under tl1e License. 
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Copyright (c) 2008 Dmitry Baranovskiy (Raphaei)Ucensed under the MIT License (availabie at: http://opensource.org/iicenses/MIT)Permission is hereby granted, free of charge, to any person obtaining 

a copy ofth•s software and ossoc,ated documentation f•ies (the ''Software"), to deal in the Software wiU1out restriction, including wittoout limitation ttoe rig~1ts to use. copy, modify, merge, publish, 

distribute, sublicense, c1ncl/or seli c,opies of the Software, ancl to permit persons to whorn the Software is furnisl1ed to clo so, subjec1 to U1e following conditions:The above copyrigl1t notice and this 

permission notice shail l,e included in ali copies or sul,stantial portions of the Software.THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY Kl~JD. EXPRESS OR IMPLIED. 

INCL.UD!~~G BUT NOT UMITE:D TO THE VVARF~ANTIES OF i\llt:F~CH.~rn ABIUTY, FTTNESS FOF:? A PA!~TICUL.AR PUF:?POSE ArJD NOrJINi=!~INGt:ME~~T. IN f'.JO EVENT SH,bJ_L. THE AUTHORS OF~ 

COPYR!GHT HOLDERS BE LIABLE FOR Al~Y CLAIM, DAMAGES OR OTHER UABiLITY, \"-'--,ETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE. ARiSil~G FROM, OUT OF OR !~I 

CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS l~I THE SOFTWARE. 

CApius SM: Copyrig~1t@ 2019 American Chernicai Society. All F:?igtots Reserved. (The U.K. patent rnatenai ,n this product/service ,s U.K. Crown copyright and is rnade availobie with permission. 

Copyrigt1t@ Crown Copyright The Frenct1 (FF~) patent materiai in this product/service is made ava,lab:e frorn !ns!itut National de :a F'ropnete :ndus!rie:le (:NPI).) 

GAS REGISTRY 3M: Copyright© 2019 American Chemical Society. Ali Rigl1ts Reserved. (Some records cont;:-iin information from Gen Bank® . See c1iso: Benson D.A., KarschMMiz;:-irachi L. Liprnc1n 

D.J .. Ostel .J., Rapp 8.A, \!Vheeier D.L. Gen bank. Nuci. Ac.ids Res. 28(1):15 .. 13 (2000). Property vc1iues tagged with !C are from the Z!C/VIN!Ti data file provided by lnfoChem.) CJ\.S Registry is a service 

mork of the American Chemical Society. Gen!3ank is a registered trademork of the U.S. Librory of Medicine. 

CASF~EACT® ·Copyright@ 2019 American Cbem1cal Society. Ail F<,ghts F~eserved. CASREACT con!a.ns reactions from CAS and from: z:C/VINrn database (1974R1999) provided by !nfoChem; !i'JPI 

dat;:-1 prior to 1936: Biotrnnsforrnmions dmabc1se cornpi!ed under tl1e direction of Professor Dr. Klaus 1-<ieslich; organic reactions, portions copyright 1996R2006 John \/Vi!ey & Sons, Ltd., Jolin VViley and 

Sons. Inc., Organic l~ead1ons !nc., and Organic Syntheses Inc. F~eproduced under license. Ali Rig~1ts l~eserved. 

CHEMCATS@ : Copyrig~1t@ 2019 American Chernicai Society. All F~igtots Reserved. Chernicai supplier 1nforrnation is supplied on an ··as is" basis. Fuli 1nforrnation regarding substonce availobility, 

price, etc., is provided when you request suppiier inform;:-ition. 

CHEM UST® . Copyright@ 2019 Ar11eric'cln Chemical Society. A!i Rigl1ts Reserved. 

MEDUNE ® : is produced by the U.S. l\lationc1i Library of Medicine. rv1EDUI\JE is a registered trademark of the U.S. National Ubrarf of Medicine. 
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Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

15/735,130 12/08/2017 1767 1620 GBL0007/US 18 1 

33072 
CONFIRMATION NO. 7101 

CORRECTED FILING RECEIPT 
KAGAN BINDER, PLLC 
SUITE 200, MAPLE ISLAND BUILDING 
221 MAIN STREET NORTH 
STILLWATER, MN 55082 

1111111111111111111111 m~mll!II ~1w~, 11111111111111111111111 

UNITED STATES OF AMERICA 

Date Mailed: 07/02/2019 

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for 
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence 
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER, 
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are 
subject to collection. 

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt 
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another 
Filing Receipt incorporating the requested corrections provided that the request is grantable. 

lnventor(s) 
Stephen Richard COULSON, Abingdon, UNITED KINGDOM; 
Delwyn EVANS, Abingdon, UNITED KINGDOM; 
Angeliki SIOKOU, Abingdon, UNITED KINGDOM; 
Clive TELFORD, Abingdon, UNITED KINGDOM, Deceased; 

Applicant( s) 
P2i Ltd, Abingdon, UNITED KINGDOM 

Power of Attorney: The patent practitioners associated with Customer Number 33072 

Domestic Priority data as claimed by applicant 
This application is a 371 of PCT/GB2016/051688 06/08/2016 

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the 
USPTO. Please see http://www.uspto.gov for more information.) 
EUROPEAN PATENT OFFICE (EPO) 15386017.6 06/09/2015 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 
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If Required, Foreign Filing License Granted: 03/14/2018 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 15/735,130 

Projected Publication Date: Not Applicable 

Non-Publication Request: No 

Early Publication Request: No 
Title 

COATINGS 

Preliminary Class 

526 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 
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LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

GRANTED 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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Electronic Patent Application Fee Transmittal 

Application Number: 15735130 

Filing Date: 08-Dec-2017 

Title of Invention: COATINGS 

First Named Inventor/Applicant Name: Stephen Richard COULSON 

Filer: Paul John Parins/Bethany Lichtscheidl 

Attorney Docket Number: GBL0007/US 

Filed as Large Entity 

Filing Fees for U.S. National Stage under 35 USC 371 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

UTILITY APPL ISSUE FEE 1501 1 1000 1000 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1000 
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Electronic Acknowledgement Receipt 

EFSID: 36847528 

Application Number: 15735130 

International Application Number: 

Confirmation Number: 7101 

Title of Invention: COATINGS 

First Named Inventor/Applicant Name: Stephen Richard COULSON 

Customer Number: 33072 

Filer: Paul John Parins/Bethany Lichtscheidl 

Filer Authorized By: Paul John Parins 

Attorney Docket Number: GBL0007/US 

Receipt Date: 12-AUG-2019 

Filing Date: 08-DEC-2017 

Time Stamp: 15:05:07 

Application Type: U.S. National Stage under 35 USC 371 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1000 

RAM confirmation Number E20198BF05367563 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

297603 

1 Issue Fee Payment (PTO-85B) GBL0007US_lssue_Fee.pdf no 1 
80f2dbd 1 b 1fb61 Se227e0e21f7a15084e49i 

c76c 

Warnings: 

Information: 

30014 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
4e40642dec0dcc86f1 d6acaa6b3f00Sb4f1 3 

1fa 

Warnings: 

Information: 

Total Files Size (in bytes) 327617 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

APPLICATION NO. ISSUE DATE 

15/735,130 09/24/2019 

33072 7590 09/04/2019 

KAGAN BINDER, PLLC 
SUIIB 200, MAPLE ISLAND BUILDING 
221 MAIN STREET NORTH 
STILLWATER, MN 55082 

PATENT NO. 

10421876 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

GBL0007/US 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U .S.C. 154 (b) 
(application filed on or after May 29, 2000) 

CONFIRMATION NO. 

7101 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office 
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments 
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at 
(571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Stephen Richard COULSON, Abingdon, UNITED KINGDOM; 
P2i Ltd, Abingdon, UNIIBD KINGDOM 
Delwyn EV ANS, Abingdon, UNIIBD KINGDOM; 
Angeliki SIOKOU, Abingdon, UNITED KINGDOM; 
Clive TELFORD, Abingdon, UNIIBD KINGDOM, Deceased; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
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